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FACTORS    DETERMINING    A    REASONABLE 
CHARGE  FOR  PUBLIC  UTILITY  SERVICE 

All  Address  by  M.  E.  Cooley^  at  the  annual  dinner  of  the  Western 
Society  of  Engineers,  Hotel  La  Salle,  Chicago,  January  y,  1914. 

Probably  no  question  of  greater  importance  confronts  our 
people  today  than  the  relations  of  the  pubhc  and  the  public 
service  corporations.  I  refer  to  relations  of  a  domestic  character, 
rather  than  foreign,  those  which  affect  us  as  a  nation  considered 
as  a  family  in  which  the  interests  of  all  of  its  members  are,  or 
should  be,  intwined,  interwoven,  in  such  manner  that  whatever 
is  good  for  one  is  good  for  another. 

Naturally  in  treating  my  subject  I  shall  have  in  mind  ideals 
which  may  require  years  for  their  realization,  but  I  shall  hope 
to  appeal  to  you  with  arguments  based  so  firmly  on  actual  facts 
that  I  shall  not  be  accused  of  being  academic.  I  shall  endeavor 
to  throw  upon  my  subject  the  light  of  nearly  fifteen  years  of 
experience  in  the  investigation  of  public  utility  properties,  and 
I  shall  hope  to  leave  with  you  the  impression  that  my  views 
have  been  expressed  with  due  regard  to  proper  perspective. 
That  is  to  say,  I  shall  hope  to  avoid  being  accused  by  anyone 
of  even  appearing  to  favor  one  side  of  the  question  as  against 
the  other.  My  desire  is  to  speak  of  what  may  be  seen  from 
the  hilltop  of  any  one  who  will  divorce  himself  from  the  interests 
of  either  side,  and  try  to  look  upon  the  problem  with  unbiased 
vision. 

There  are,  of  course,  two  sides  to  this  question  as  there 
must  be  in  order  that  any  question  can  exist.  There  is  the  side 
of  the  public  and  the  side  of  the  public  service  corporation. 
Today  they  are  wide  apart.  They  are  wide  apart  for  one  prin- 
cipal reason,  namely,  ignorance.  While  it  may  be  no  disgrace 
to  be  ignorant,  it  is  disgraceful  to  remain  ignorant  when  so 
little  education  is  required  to  dispel  it.  The  education  required 
is  not  difficult ;  indeed,  it  is  very  simple ;  but  the  trouble  is  that 
very  many  of  those  who  most  need  it  are  not  willing  to  be 
educated.  Various  motives  exist,  which  I  will  not  discuss  here, 
further  than  to  mention  that  chief  among  them  is  a  spirit  of 

*Dean   of  the   College   of  Engineering,   University  of  Michigan. 
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antagonism,  akin  to  revenge  on  the  part  of  the  public,  in  locahties 
where  the  opportunity  exists  for  its  manifestation. 

It  is,  I  beheve,  generally  considered  by  the  officers  of  public 
service  corporations  that  they  are,  or  rather  were,  themselves 
responsible  for  the  unfriendly  attitude  of  the  public  toward  them 
which  is  now  almost  general  in  this  country.  The  public  service 
corporation  has  in  the  past  proceeded  on  the  theory  that  the 
words  public  service  had  no  particular  meaning,  and  that  like  any 
other  corporation  it  was  at  liberty,  and  indeed  had  the  right, 
to  make  as  much  money  as  possible  out  of  its  business.  The 
public  service  corporation  has  in  the  past  ignored  the  fact  that 
its  right  to  do  business  is  a  public  grant,  a  grant  which  in  the 
very  nature  of  it  precluded  others  from  engaging  in  the  same 
business  in  the  same  locality.  True,  in  theory,  at  least,  others 
might  be  admitted  to  the  field  and  thus  create  competition,  but 
practically  it  has  not  worked  out  that  way.  Ordinarily  there  is 
not  enough  business  for  two,  and  even  if  there  were,  great  incon- 
venience is  likely  to  result;  as  for  instance  in  the  use  of  two 
telephone  systems,  two  waterworks  systems,  and  several  street 
car  systems  in  the  same  city.  It  is  much  to  the  advantage  of 
the  public,  both  in  convenience  and  expense,  to  have  a  single 
utility  of  the  different  kinds  serve  it  when  that  service  can  be 
had  on  fair  terms. 

What  are  fair  terms?  That  is  what  is  partly  meant  by  the 
words  reasonable  charge  in  the  title  of  this  paper.  I  say  partly 
meant.  In  the  broad  sense  they  may  be  synonymous.  To  illus- 
trate :  The  service  rendered  by  a  public  service  corporation  may 
be  very  poor  without  any  good  excuse  for  it.  In  such  a  case 
a  reasonable  charge  would  be  less  than  when  the  service  was 
entirely  satisfactory.  Careless  or  unintelligent  management,  or 
a  desire  to  increase  the  dividend  rate,  would  lead  to  this  result. 
Again,  the  service  rendered  may  be  very  poor  and  yet  be  the 
best  possible  and  keep  the  business  alive;  that  is,  were  the  rates 
higher  a  better  service  could  be  rendered.  This  may  be  found  in 
small  towns  where  the  extent  of  the  business  will  not  support 
anything  better.  Further,  the  service  may  be  very  unsatisfac- 
tory and  still  be  the  best  possible  to  render  regardless  of  rates; 
that  is,  physical  conditions  may  limit  the  ability  to  render  satis- 
factory service.  This  may  be  found  in  large  cities,  an  example 
being  a  street  railroad  system  which  can  not  be  extended  except 
by  building  elevated  or  underground  systems. 

Fair  terms,  then,  means  fair  service,  or  the  best  possible 
under  the  conditions,  to  the  pul)lic  on  the  one  hand,  and  a  reason- 
able charge  for  that  service  to  the  corporation  on  the  other 
hand.  They  are,  or  should  be,  the  two  members  of  an  equation 
which  are  equal  to  each  other.  Like  an  equation,  given  the 
service  demanded  and  certain  other  factors  involved,  the  fair 
rate,  or  the  reasonable  charge,  can  be  readily  determined.     It 
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is  these  factors  we  come  now  to  consider.  They  embrace,  first, 
the  capital  investment  upon  which  the  interest  return  is  made 
either  in  the  form  of  interest  or  dividends,  or  both ;  second,  the 
operating  expenses  which  include  maintenance  and  repairs  of 
all  the  elements  of  the  physical  property,and  taxes;  third,  a  de- 
preciation fund  out  of  which  can  be  replaced  elements  of  the 
physical  property  which  are  worn  out,  or  have  become  obsolete, 
so  that  they  can  no  longer  be  used  economically;  and,  fourth,  a 
sinking  fund  to  provide  for  the  loss  of  capital  due  to  depreciation, 
or  the  difiference  between  the  cost  of  the  property  when  new  and 
when  disposed  of  at  the  expiration  of  its  franchise  life.  Let  us 
take  them  up  in  order,  capital  investment  first. 

It  should  be  understood  at  the  outset  that  no  capital  can 
be  made  available  for  a  public  utility,  or  for  any  other  business, 
for  that  matter,  without  a  sufficient  return  on  the  money  to 
tempt  its  investment  in  the  business.  Capital  obeys  the  law  of 
supply  and  demand  like  any  commodity.  Thus,  if  capital  be 
invited  for  investment  in  a  service  which  is  desired  by  the  public, 
then  the  public  must  expect  to  pay  the  price  in  the  form  of ' 
interest  or  dividends  which  is  necessary  to  secure  it. 

However  much  in  the  past  capital  may  have  been  tempted 
into  the  field  without  invitation  in  the  hope  of  large  returns, 
those  days  are  rapidly  disappearing;  and  before  very  long,  if 
not  now,  we  shall  be  obliged,  not  only  to  extend  an  invitation, 
but  to  oflfer  inducements  to  bring  capital  to  our  door.  Those 
inducements  must  be  not  only  a  fair  return  on  the  capital  invest- 
ment but  a  welcome  guaranteed  throughout  a  term  of  years. 
Capital  may  be  compared  with  the  guest  in  our  household.  While 
she  bides  with  us  she  is  entitled  to  the  treatment  accorded  to  a 
guest.  She  may  have  worn  out  her  welcome  but  at  the  same 
time  have  become  indispensable  to  our  domestic  affairs,  so  that 
we  must  continue  to  suffer  her  presence.  We,  the  public,  cannot 
invite  the  guest  and  then  while  she  is  with  us  slap  her  face; 
on  the  other  hand,  the  guest  cannot  with  impunity  proceed  to 
rob  us  once  she  is  in  our  home. 

There  is  at  present  a  very  natural  distrust  on  the  part  of 
the  public.  Capital  in  the  past  having  very  often  been  self- 
invited,  and  having  been  at  first  welcomed,  then  tolerated,  has 
finally  worn  out  both  welcome-and  toleration.  The  logical  result, 
one  might  think,  would  be  to  get  along  without  capital.  But 
of  course  that  would  be  impossible.  Whether  the  utility  be  built 
and  operated  by  the  public  or  by  a  corporation,  capital  is  neces- 
sary. It  is  true  that  for  a  municipally  owned  utility,  capital 
may  be  had  on  more  favorable  terms  with  the  security  which 
the  public  can  offer;  but  it  does  not  follow  that  the  service 
rendered  zvould  be  had  at  correspondingly  low  rates  or  reason- 
able charges.  It  could  perhaps,  but  the  experience  of  the  past 
favors  the  belief  that  such  expectation  would  be  Utopian  rather 
than  practical. 
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The  time  is  coming,  if  not  already  here,  when  it  will  make 
no  difference  whether  capital  be  invested  under  the  direct 
security  afforded  by  a  municipally  owned  utility  or  the  more 
indirect  security  afforded  by  a  franchise  to  a  corporation.  This 
time  will  have  arrived  when  the  public  comes  to  understand  the 
elements  of  cost,  and  all  of  them,  which  enter  into  the  construc- 
tion of  a  public  utility  plant.  Those  elements  of  cost  are  the 
same,  or  substantially  the  same,  whether  the  plant  be  constructed 
by  the  public  or  by  the  corporation.  The  public  must  have  a 
board  intrusted  with  the  construction  and  management  of  the 
utility.  This  board  corresponds  practically  to  the  corporation's 
board  of  directors. 

The  board,  whichever  it  may  be,  becomes  the  agent  of  the 
public.  It  makes  the  preliminary  investigations,  employs  legal 
counsel,  real  estate  men  to  procure  the  necessary  right-of-way, 
conducts  condemnation  proceedings,  obtains  property  consents, 
and  attends  to  all  matters  connected  with  the  proper  launching 
of  the  project.  It  employs  engineers  to  prepare  the  plans  and 
specifications,  invites  bids,  awards  the  contracts,  and  looks  after 
the  work  during  the  construction  period.  It  makes  arrangements 
for  the  necessary  funds  to  finance  the  project,  the  necessary 
working  capital,  and  finally,  after  the  work  of  construction  is 
completed,  puts  the  plant  into  operation. 

Before  its  work  has  been  done  completely,  the  business 
must  be  thoroughly  established,  that  is,  converted  from  an 
inanimate  to  an  animate  condition.  The  earnings  from  oper- 
ation must  as  speedily  as  possible  be  brought  to  a  point  where 
they  will  support  all  of  the  expenses.  During  the  period  of 
insufficient  earnings,  the  deficits  must  be  cared  for.  When  the 
earnings  become  sufficient  to  meet  all  expenses,  including  interest 
on  the  cost  of  the  property,  the  utility  may  be  said  to  have 
become  fully  a  going  concern. 

In  all  of  this  work  the  duties  of  the  board  or  city  officials 
representing  the  public  or  of  the  officers  representing  the  cor- 
poration, have  been  the  same.  The  elements  of  costs  have 
been  the  same.  The  principles  involved  have  been  the  same. 
The  only  difference  has  been  one  of  degree  on  some  of  the 
items,  as  for  instance,  less  difficulty  possibly  in  securing  rights- 
oi-way,  and  more  favorable  terms  in  financing.  But  as  already 
stated,  these  advantages  may  in  the  ultimate  results  be  more 
apparent  than  real.  That  jiliase  T  have  no  intention  of  discussing 
in  this  paper. 

The  principal  cause  of  the  difference  of  opinion  between 
the  public  and  the  public  service  corporation,  as  I  have  come 
to  see  it,  lies  in  the  failure  of  the  public  to  comprehefid  all  of 
the  elements  of  cost  entering  into  the  construction  of  a  public 
utility  plant.  Not  only  that  but  a  failure  also  to  understand  all 
of  the  elements  of  expense  which  must  be  incurred  in  operating 
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the  property  and  maintaining  its  integrity,  once  the  plant  has 
been  built  and  the  business  established.  The  corporation  itself 
is  only  beginning  to  understand  some  of  these  things.  Its  officers 
intrusted  with  the  management  of  the  property  have  been 
obliged  to  make  the  best  of  things,  striving  on  the  one  hand 
to  earn  the  dividends  called  for  by  the  stockholders,  and  on  the 
other,  to  maintain  the  property  so  as  to  give  satisfactory  service. 
Without  in  any  way  excusing  the  corporation  from  its  sins  of 
the  past  or  of  the  present  where  they  still  exist,  the  trouble  is 
now  understood  by  the  corporation,  partly  at  least;  and  it  must 
be  conceded,  I  think,  that  just  at  present  the  fault  lies  more 
with  the  public  than  with  the  corporation.  Let  us  now  take  up 
the  elements  of  cost  constituting  the  capital  investment. 

It  will  be  easier  of  understanding  if  individuals  will  consider 
themselves  a  party  to  the  enterprise.  Assume,  for  instance,  that 
you  are  one  of  a  number  of  men  brought  together  to  consider 
the  building  of  a  public  utility  property.  What  is  the  first  step? 
Naturally  you  will  all  want  to  know  whether  the  project  is 
feasible.  This  will  always  involve  preliminary  investigations, 
the  sounding  of  public  sentiment  to  know  to  what  extent  the 
proposed  service  would  be  demanded,  what  concessions  would 
have  to  be  obtained  in  the  matter  of  property  consents  and  the 
conditions  under  which  a  franchise  could  be  obtained.  If  these 
inquiries  have  resulted  favorably,  the  next  step  would  be  to 
employ  engineers  to  look  over  the  field  and  make  preliminary 
estimates  of  cost  and  determine  upon  the  feasibility  of  the 
project.  With  the  information  thus  far  accumulated,  the  bankers 
must  be  consulted  to  determine  whether  the  necessary  money 
can  be  had.  At  this  point  the  project  may  fall  through  as  there 
may  not  be  a  sufficient  promise  of  financial  return  to  induce 
capital  to  come  into  the  enterprise. 

All  of  this  preliminary  investigation  has  involved  expense 
which  must  be  borne  by  someone.  It  may  run  from  0.2  to  0.5 
per  cent  of  the  cost  of  the  proposed  property.  In  case  of  failure 
to  go  further  it  would  fall  upon  the  individuals  taking  part  in 
the  investigation.  They  have  gambled  and  lost.  But  should 
the  future  promise  be  great  enough  to  interest  capital  mildly,  let 
us  say,  then  the  bankers  might  be  induced  to  gamble  a  bit,  and 
by  being  given  sufficient  odds  in  the  way  of  discount  on  bonds 
and  blocks  of  capital  stock  depending  for  their  value  on  future 
earnings,  be  induced  to  come  in.  The  less  of  gamble  there  may 
be,  the  less  the  odds  demanded  by  the  banks ;  but  at  the  present 
time  these  keepers  of  the  vital  life  of  all  business  enterprises 
must,  like  the  well  fed  trout,  have  bait  of  some  form  on  the 
hook  to  interest  them  at  all.  Not  so,  however,  with  the  rank 
and  file  who,  like  the  hungry  bullhead,  bite  at  anything,  even  m 
the  dark,  if  only  the  light  of  a  candle  be  exposed  to  show  m  the 
faintest  outline  the  nature  of  the  bait.  But  public  utility  proper- 
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ties  for  the  most  part  are  not  financed  by  the  rank  and  file,  but 
by  bankers  and  trust  companies.  It  is,  therefore,  a  real  "con- 
dition, and  not  a  theory,"  which  confronts  the  promoter  when 
he  seeks  to  finance  a  proposition. 

If,  finally,  the  preliminary  work  has  resulted  in  the  deter- 
mination to  proceed,  there  comes  the  organization  of  the  company, 
the  employment  of  legal  counsel  to  draw  up  the  necessary  papers, 
the  procuring  of  the  franchises,  the  obtaining  of  the  necessary 
property  consents,  the  securing  of  the  right-of-way  by  purchase 
or  otherwise,  the  employment  of  engineers  to  make  the  final 
surveys,  prepare  the  plans  and  specifications,  the  bidding  and 
award  of  contracts.    The  actual  work  of  construction  then  begins. 

It  is  at  this  point  that  the  public  conceives  the  cost  of  the 
property  to  begin ;  and  for  the  reason  that  the  average  citizen, 
skilled  as  he  may  be  in  the  work  of  his  own  pursuit,  has  little 
or  no  knowledge  of  the  skill  required  in  another's  pursuit.  Yet 
this  average  citizen  must  be  consulted  because  the  project  is 
a  public  utility.  It  furnishes  him  heat,  light  and  power,  trans- 
ports him  to  his  business,  and  provides  him  with  other  fixed 
necessities  of  life.  This  being  so,  let  the  condition  be  met,  and 
first  of  all  let  this  average  citizen  be  educated  to  understand  the 
requirements  which  must  be  met  if  he  is  to  be  furnished  these 
necessities  of  our  modern  civilization.  Once  he  understands, 
there  will  not  be,  so  far  as  he  is  concerned,  any  further  trouble. 
The  average  citizen  is  fair  minded,  and  asks  for  only  the  square 
deal. 

There  is,  however,  another  type  of  citizen  who,  however 
much  explaining  there  may  be,  persists  in  seeing  things  his  own 
way.  He  may  be  a  self-appointed  guardian  of  the  people's 
interest;  sincere  enough  and  honest  enough,  but  too  often  his 
zeal  results  in  confusion  of  understanding,  if  not  perniciousness. 
Another  type  belongs  to  the  political  class.  He  sees  gain  in 
one  form  or  another,  if  he  can  keep  alive  the  troubles  between 
the  public  and  the  public  service  corporation. 

There  is  no  greater  service  to  be  rendered  the  people  of 
our  country  today  than  that  which  could  be  rendered  by  the 
newspapers  if  they  would  but  go  at  this  matter  with  the  idea 
of  acquainting  their  readers  with  the  tacts  on  both  sides.  I 
mean  that  they  should  not  treat  the  quarrels  between  the  public 
and  public  service  corporations  as  items  of  news  merely,  but 
detail  men  on  their  staflFs  to  make  a  study  of  the  questions 
involved,  bringing  to  their  aid  the  skill  of  the  accountant,  the 
engineer,  the  manager,  the  public  officers  entrusted  with  the 
affairs  of  these  corporations,  the  business  man.  and  the  man 
who  has  devoted  a  lifetime,  it  may  be.  to  a  study  of  this  class 
of  problems.  This  work  should  not  be  done  in  a  haphazard 
manner,  but  systematically  and  with  one  object  in  view,  namely, 
to  bring  about  as  speedily  as  possible  a  clear  understanding  of 
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all  the  facts  on  both  sides.  Such  a  work  by  our  newspapers 
would  not  only  add  to  the  sum  total  of  our  happiness,  but 
promote  the  prosperity  and  welfare  of  the  communities  which 
they  serve.  I  sometimes  wonder  why  the  proprietors  of  news- 
papers do  not  see  that  their  own  business  is  in  the  nature  of  a 
public  utility,  morally  at  least. 

It  is  perhaps  unnecessary  to  refer  in  detail  to  all  of  the 
dififerent  items  entering  into  the  cost  of  the  physical  property 
of  a  public  utility.  Such  items  as  the  following  are  in  general 
capable  of  being  classified  in  an  inventory,  and  are  readily  under- 
stood:  Land  for  railroad  rights-of-way,  electric  transmission 
lines,  and  pond  flowage;  land  for  the  many  kinds  of  buildings 
required,  such  as  office  and  station  buildings,  round  houses,  car 
barns,  power  houses  for  steam  and  hydraulic  plants;  and  land 
for  reservoirs,  dams,  waterworks  and  gas  plants.  The  buildings 
themselves,  together  with  their  furnishings  and  fixtures.  The 
roadbed,  rails,  ties  and  bridges  of  a  railroad ;  and  the  locomotive, 
passenger  and  freight  equipment.  The  dam  structure,  water 
wheels,  and  generator  of  a  hydroelectric  plant.  The  boilers, 
engines  and  generators  of  a  steam  plant.  The  tunnels  and  pipe 
lines  of  a  heating  plant.  The  pumping  engines,  water  mains, 
hydrants  and  distribution  system  of  a  water  works.  The  machinery, 
gas  holders,  and  distribution  system  of  a  gas  works.  The  con- 
duits, manholes  and  distribution  systems  of  electric  lightmg  and 
power  plants.  The  switchboard,  machinery  and  apparatus  of 
a  telephone  exchange;  and  the  wires,  pole  lines,  conduits  and 
instruments  of  the  distribution  system.  All  of  these  items,  and 
vastly  many  more,  make  up  the  physical  structure  of  public 
utility  plants.  They  are  tangible,  that  is,  they  can  be  seen, 
counted,  measured,  weighed,  and  their  costs  determined.  Mate- 
rials and   labor  are  the  principal   items   in   their  creation  and 

installation.  ,      •       t. 

The  plans  and  specifications  of  a  utility  plant  having  been 
completed,  proposals  for  its  construction  are  invited.  The  con- 
tractor figures  the  cost  of  every  item  as  nearly  as  possible,  adding 
various  percentages  to  cover  contingencies,  that  is,  unforeseen 
difficulties  of  construction  and  oversights,  some  large  and  some 
small.  He  adds  the  costs  of  the  necessary  permits,  the  insurance 
required  on  the  men  employed  and  on  the  buildings  during  their 
construction;  and  finally  he  adds  another  percentage  on  the 
whole  for  his  profits.  The  propriety  of  these  percentages  m 
figuring  the  cost  of  work  in  advance  is  so  apparent  as  to  cause 
wonderment  that  any  question  should  ever  have  arisen  as  to 
the  equal  propriety  of  including  them  in  making  an  appraisal  ot 
a  property  at  any  time  after  it  was  built.  Happily  this  ignorance 
concerning  many  of  the  physical  elements  has  been  dispelled, 
and  there  no  longer  is  any  question  of  allowing  the  necessary 
percentages  to  cover  contingencies,  msurance,  contractors 
profits,  engineering  and  superintendence. 
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In  amount  the  contingency  percentages,  varying  on  the 
different  things  from  2  to  20  per  cent  and  upwards,  may  be 
assumed  to  average  not  less  than  10  per  cent.  One-half  is  usually 
applied  directly  to  the  items  themselves,  the  other  half  as  a 
percentage  on  the  total  cost  of  all  the  items.  Insurance  varies 
from  0.5  to  1  per  cent.  The  contractor's  profit  should  be  esti- 
mated at  not  less  than  10  per  cent.  Engineering  and  superin- 
tendence, like  contingencies,  varies  with  the  different  items  from 
2  to  10  per  cent  and  over,  an  average  being,  say,  5  per  cent. 
One-half  is  applied  directly  to  the  items  themselves,  the  other 
half,  as  a  percentage  on  the  total  cost  of  all  the  items,  including 
contingencies  and  contractor's  profits.  If  the  insurance  has  not 
been  included  with  the  contractor's  costs  it  should  follow  after 
engineering  and  superintendence,  and  may  then  be  combined 
with  taxes  in  a  percentage  varying  from  O.h  to  1.5  per  cent.  In 
the  application  of  these  percentages,  only  the  general  engineering 
percentage  should  be  applied  to  land,  the  cost  of  which  embraces 
its  own  particular  expenses  of  acquiring,  including  damages, 
deeds  of  transfer  and  the  like. 

In  case  the  contract  has  been  awarded  to  a  general  con- 
tractor, he  may  sub-let  the  different  parts  to  other  contractors, 
each  of  whom  includes  in  his  bid  contingencies  and  other  items 
proper  for  his  particular  part  of  the  work  and  his  profits.  In 
such  cases  the  cost  of  the  plant  includes,  besides  the  contingen- 
cies and  profits  of  the  sub-contractor,  similar  items  for  the 
general  contractor.  A  general  contractor  responsible  to  the 
owners  for  the  success  of  all  building  operations  would  probably 
demand  and  receive  not  less  than  10  per  cent  of  the  cost  of  the 
entire  work  covered  by  his  contract ;  and  instances  are  known 
where  the  general  contractor's  profit  has  been  large, — 20  per 
cent  and  more.  The  measure  of  his  profit  is  usually  determined 
by  the  nature  of  the  work,  that  is,  the  difficulties  and  uncertain- 
ties involved.  The  building  of  the  Detroit  River  tunnel  is  an 
example  of  where  the  general  contractor  made  a  large  profit;  but 
the  uncertainties  were  such  that  it  was  not  known  in  advance 
by  anyone  whether  his  profit  would  be  large  or  small,  or  whether 
there  would  not  be  an  actual  loss. 

Another  method  in  vogue  is  to  place  all  building  operations 
in  the  hands  of  an  engineering  firm  who  makes  all  surveys,  pre- 
pares the  plans  and  specifications,  and  superintends  the  work 
from  start  to  finish,  making  a  charge  therefor  of  10  per  cent  on 
the  actual  cost  of  the  work.  This  virtually  amounts  to  a  profit 
of  10  per  cent,  as  the  cost  on  which  the  percentage  is  based 
usually  includes  the  salaries  and  wages  of  the  men  employed 
in  the  engineering  work,  and  all  traveling  and  office  expenses 
as  well.  It  is  known  as  the  "cost  plus  a  percentage"  plan.  The 
engineering  firm  may  be  likened  to  the  general  contractor  with 
this  difference:    The  former  takes  his  percentage  on  actual  costs 
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determined  after  the  work  is  completed ;  and  the  latter,  on  the 
estimated  costs  made  before  the  work  is  begun.  Obviously  the 
uncertainties  involved  would  cause  the  general  contractor  to 
guard  himself  by  making  liberal  estimates. 

We  come  now  to  discuss  certain  other  expenses  chargeable 
to  capital,  but  which  are  not  so  well  understood.  Taxes  during 
the  construction  period  is  an  item  usually  overlooked  by  the 
public.  Obviously,  any  real  estate  acquired  by  a  corporation 
for  public  utility  purposes  would  be  taxed  the  same  as  similar 
property  owned  by  an  individual.  Taxes  not  infrequently  are 
also  imposed  on  structures  built,  even  before  any  use  is  actually 
made  of  them.  One  very  common  error  of  the  public  is  to 
assume  that  if  municipally  owned  there  would  be  no  taxes  on 
a  public  utility  property.  True,  there  would  be  no  taxes  levied 
directly  against  the  property,  but  there  would  be  the  indirect 
taxes  which  every  taxpayer  would  have  to  meet.  To  illustrate: 
A  public  service  corporation  has  to  pay  certain  taxes  on  its 
property,  and  they  may  be  very  large.  If  this  property  be 
acquired  by  the  city,  it  bears  no  taxes.  The  same  amount  of 
money  being  required  to  meet  the  expenses  of  government, 
after  as  before,  it  follows  that  the  citizens  must  make  up  the 
amount  formerly  paid  by  the  corporation.  If,  however,  the 
earnings  remain  the  same,  there  will  be  money  to  pay  the  taxes 
out  of  earnings.  But  in  that  case  presumably  the  rates  or 
charges  for  service  would  remain  the  same,  so  that  one  of  the 
alleged  benefits  of  public  ownership  would  disappear.  The  item 
of  taxes  is,  in  an  appraisal,  frequently  combined  with  insurance, 
the  amount  of  the  item  then  varying  from  0.5  to  1.5  per  cent. 

The  item  of  organization,  administration,  and  legal  expenses 
usually  follows  insurance  and  taxes  and  precedes  interest  during 
construction.  As  used  by  some  the  term  is  rather  elastic  in 
being  made  to  include  all  preliminary  expenses,  costs  of  pro- 
motion, certificates  of  necessity,  mortgage  tax,  fees  of  incor- 
poration, securing  of  franchises,  and  other  general  expenses. 
It  is  usually  expressed  as  a  percentage  varying  from  2.5  to  5  per 
cent,  being  applied  to  the  sum  of  all  preceding  costs,  including 
lands. 

There  arise  in  connection  with  many  utility  projects  certain 
expenses  which  have  come  to  be  known  as  costs  of  promotion 
and  promoter's  profits.  The  terms  themselves  are  rather  infre- 
quently used  in  appraisals,  these  expenses,  if  considered  at  all, 
being  included  under  costs  of  administration.  Administration  is 
frequently  combined  with  organization  and  legal  expenses. 
Whatever  may  be  said  for  and  against  costs  of  promotion  and 
promoter's  profits  in  the  sense  that  they  represent  intangible 
elements  in  the  nature  of  "rake-oflfs,"  there  are,  in  a  totally 
dififerent  sense,  certain  expenditures  during  both  the  construc- 
tion period  and  the  early  operative  period  which  are  legitimate 
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and  necessary  and  best  described  as  promotion  costs.  In  the 
sense  that  a  promoter  forwards,  advances  and  encourag-es,  that 
is,  contributes  to  the  growth,  enlargement  and  excellence  of  a 
utility  project  desired  by  the  public,  there  can  be  no  question 
that  such  costs  are  entitled  to  consideration  in  determining  a 
reasonable  charge  for  service. 

As  to  a  promoter's  profit,  its  propriety  may  possibly  be 
decided  by  considering  to  what  extent  one  would  be  willing  to 
contribute  to  a  project,  independent  of  its  construction  cost,  to 
procure  its  establishment;  or,  were  a  utility  now  serving  the 
public  in  some  necessary  capacity  to  be  taken  away,  to  what 
extent  would  you,  as  one  served  by  it,  be  willing  to  contribute 
to  it  rather  than  lose  it.  Put  it  another  way :  A  man  says 
he  can  make  a  success  of  a  utility  the  citizens  want,  or  now 
have.  You  doubt  its  possibility  but  consent  to  a  trial,  and 
he  does  it.  How  much  are  you  willing  to  compensate  him  for 
his  energy  and  brains?  This  implies  a  conception  free  of  bias, 
broad-gauged  and  just  to  all  interests  concerned,  which  can  be 
had  only  by  being  fair  and  open-minded,  and  by  carefully 
refraining  from  reaching  any  conclusion  in  advance.  Obviously 
no  percentage  could  be  given  for  promoter's  profits,  but 
appraisals  in  which  the  costs  of  promotion  have  been  ascertain- 
able indicate  that  a  proper  charge  may  be  as  much  as  2  per  cent. 
Its  allowance  must  depend  on  circumstances,  and  if  included  as 
a  separate  item,  it  must  of  course  be  excluded  from  administra- 
tion costs. 

Interest  during  the  period  of  construction  is  an  important 
item  often  overlooked  in  the  past.  This  means  simply  that  the 
money  which  has  been  expended  from  time  to  time  during  the 
progress  of  the  work  cannot  be  had  without  interest.  If  borrowed, 
it  is  secured  by  interest  bearing  notes ;  and  if  provided  through 
the  sale  of  bonds,  these  bonds  bear  interest.  Ordinarily,  the 
interest  charge  is  based  on  the  assumption  that  the  money 
expended  starts  at  zero,  and  mounts  uniformly  to  the  total  at 
the  end  of  the  construction  period.  Thus  the  rate  of  interest 
is  applied  to  one-half  the  total  cost,  or  one-half  the  rate  is  applied 
to  the  total  cost.  The  construction  period  varies  with  different 
kinds  of  property,  one  year,  two  years  and  three  years  being 
common  lengths  of  time.  It  extends  to  the  time  when  the 
property  is  put  into  operation  and  begins  to  earn.  A  rate  of 
6  per  cent  per  annum  is  usually  assumed. 

The  management  of  a  public  utility  requires  a  home  for 
its  officers  and  the  necessary  furniture  and  fixtures.  These  may 
be  rented,  in  which  case  the  rent  becomes  an  operating  expense; 
or  the  company  may  own  its  offices  and  furniture  and  the  special 
fixtures  needed  for  its  business.  The  cost  then  becomes  a  capital 
charge.  In  large  jiropcrties,  street  and  steam  railways  par- 
ticularly, the  offices,  furniture  and  fixtures  are  frequently  items 
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of  considerable  expense.  The  cost  of  the  equipment  of  offices,  if 
incurred  at  the  end  of  the  construction  period,  does  not  involve 
interest  during  the  construction  period  and  the  item  can  follow 
this  interest.  If,  however,  it  has  come  earlier,  its  cost  should 
enter  into  the  sum  on  which  interest  during  construction  is 
computed. 

Certain  necessary  stores  and  supplies  must  be  provided 
ready  for  use  in  emergencies  before  the  property  can  be  put 
into  operation.  After  the  plant  has  been  in  operation  for  a  time, 
these  gradually  adjust  themselves  as  to  quantities  of  the  various 
items.  The  money  represented  by  stores  and  supplies  can  bear 
no  interest  unless  it  be  incorporated  in  the  capital,  or  be  carried 
as  a  floating  debt.  In  either  case  the  interest  on  this  money 
becomes  a  proper  charge  against  earnings.  The  amount  con- 
sidered is  usually  an  average  taken  from  the  books. 

Another  item  which  occasions  surprise  is  working  capital. 
By  this  is  meant  the  money  which  must  always  be  available  to 
pay  bills,  labor  and  the  ordinary  expenses  of  operation,  and 
which  in  the  very  nature  of  the  fund  cannot  bear  interest  except 
it  be  incorporated  in  capital,  or  be  borne  as  a  floating  debt  with 
interest  paid  out  of  earnings.  In  either  case  it  becomes  a  charge 
against  earnings,  and  therefore  takes  part  as  a  factor  in  deter- 
mining reasonable  rates  or  charges.  As  between  a  capital  charge 
and  a  floating  debt  it  may  be  pointed  out  that  as  a  capital  charge 
the  rate  of  interest  would  presumably  be  less  than  as  a  floating 
debt.  A  working  capital  is  as  necessary  an  expense  as  any 
other  in  the  production  of  a  public  utility  property.  Without  it 
the  business  for  which  the  property  was  constructed  could  not 
be  done.  How  often  have  we  known  of  the  failure  of  apparently 
good  business  enterprises  merely  for  the  lack  of  sufficient  work- 
ing capital?  The  amount  of  working  capital,  like  stores  and 
supplies,  is  usually  an  average  taken  from  the  books. 

We  have  now  reached  the  point  at  which  the  property  has 
been  completed,  having  considered  items,  all  of  which  may 
enter  into  the  capital  investment,  and  are  ready  to  take  up  the 
second  principal  factor,  namely,  operating  expenses.  With  a 
working  capital  to  hand,  the  property  has  been  put  into  oper- 
ation. It  begins  to  earn  but  a  considerable  time  must  elapse 
ordinarily  before  the  earnings  from  operation  suffice  to  meet  all 
of  the  expenditures.  By  all  of  the  expenditures  I  mean,  interest 
on  the  cost  of  construction,  taxes,  operating  expenses,  a  fund 
out  of  which  the  expenses  of  maintaining  the  integrity  of  the 
property  can  be  borne,  and  another  fund  to  provide  for  losses 
of  capital  at  the  end  of  the  franchise  period.  These  latter  I  will 
discuss  separately  under  the  head  of  "Depreciation"  and  "Sink- 
ing Fund,"  respectively.  During  this  period  of  insufficient 
earnings,  money  must  be  borrowed  to  make  up  deficits ;  not  only 
that,  but  interest  must  be  paid  on  this  borrowed  money  until 
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the  time  that  the  earnings  suffice  to  meet  all  expenses.  This 
accumulated  deficit  constitutes  what  may  be  termed  the  cost  of 
procuring  a  going  concern ;  in  other  words,  the  cost  of  estab- 
lishing the  business.  Were  the  property  to  change  hands  at 
the  time  the  earnings  just  suffice  to  pay  all  expenses,  the  cost 
of  establishing  the  business  would  become  the  going  concern 
value  of  the  property,  and  be  a  part  of  the  total  value  of  the 
property  as  a  going  concern  at  that  time.  It  is  a  difficult  element 
of  cost  to  determine  satisfactorily,  in  the  absence  of  well  kept 
accounts,  starting  with  the  property  itself. 

Not  infrequently  the  point  is  made  that  the  longer  it  takes 
to  establish  the  business,  that  is,  the  greater  the  sum  of  its 
deficits  in  earlier  years,  the  greater  is  its  value  as  a  going  con- 
cern. This  apparent  inconsistency  is  explained  by  the  fact  that 
these  deficits  are  real  costs,  and  necessary  if  the  utility  is  to 
be  had  at  all.  The  utility  being  a  necessity,  it  must  be  supported 
by  the  public  the  same  as  any  other  necessity.  The  cost  of 
establishing  the  business  therefore  becomes  a  factor  in  deter- 
mining reasonable  rates  or  charges.  This  cost,  like  that  of 
working  capital,  if  incorporated  in  the  interest  bearing  capital, 
becomes  less  of  a  burden  against  earnings  than  if  carried  as 
a  floating  debt. 

Probably  the  least  understood  factor  of  expense  in  connec- 
tion with  a  public  utility  property  is  depreciation.  I  have  called 
this  the  third  factor  in  determining  a  reasonable  charge  for  public 
utility  service.  By  depreciation,  I  mean  the  money  required  to 
be  paid  out  of  earnings  in  order  to  meet  the  expenses  of  main- 
taining the  integrity  of  the  property.  Depreciation  is  the  result 
of  wear  and  tear  and  exposure  to  the  elements.  It  also  includes 
the  replacement  of  machinery  which,  while  not  yet  worn  out, 
has  become  obsolete,  that  is,  no  longer  economical  to  use ;  or 
if  still  economical,  no  longer  satisfactory  to  the  public.  Depre- 
ciation includes,  further,  the  wrecking  of  machinery  due  to 
accident,  or  to  the  acts  of  God. 

In  the  building  of  a  public  utility  property  all  of  the  elements 
are  originally  new,  but  as  time  goes  on,  these  elements  suffer 
wear  or  decay,  some  in  one  degree,  some  in  another.  When 
an  element  has  become  worn  to  a  point  where  it  is  no  longer 
profitable  to  keep  it  in  service,  it  is  replaced.  Thus  in  time  wc 
have  a  property  which  as  a  whole  is  made  up  of  old  and  new 
elements,  the  condition  of  which  in  the  aggregate  is  something 
less  than  the  first  cost  of  these  elements  new.  In  tlic  very  nature 
of  the  property,  it  is  impossible  ever  after  it  is  once  started  to 
have  present  in  it  the  full  100  per  cent  represented  by  all  new 
elements.  It  can,  however,  be  maintained  in  some  condition 
less  than  100  per  cent,  and  it  is  usual  and  necessary  to  maintain 
it  at  a  point  which  will  enable  the  most  satisfactory  service 
to  be  rendered  with  the  smallest  expense  consistent  with  satis- 
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factory  service.     This  point  may  be  anywhere  between  80  and 
90  per  cent,  depending-  on  the  kind  of  property. 

The  expense  necessary  to. keep  an  element  in  service  during 
the  useful  life  is  a  plain  operating  expense  classed  under  main- 
tenance and  repairs,  and  is  not  included  under  depreciation  as 
1  am  describing  it.  The  depreciation  fund  is  properly  a  separate 
fund,  maintained  as  such  as  distinctly  as  an  interest  fund.  It 
is  the  fund  which  insures  the  prolongation  of  the  life  of  the 
property  indefinitely  and  always  in  a  condition  to  render  satis- 
factory service.  It  is  not,  however,  a  fund  out  of  which  addi- 
tions, extensions  or  betterments  may  be  made,  which  in  their 
nature  constitute  additions  to  capital. 

Thus  understood,  depreciation  becomes  a  factor,  and  indeed 
a  very  important  factor  in  determining  reasonable  charges  for 
public  utility  service.  Unhappily,  the  practice  of  providing-  this 
fund  is  not  uniform  with  the  different  utilities ;  not  uniform 
either  in  principle  or  practice.  It  has  long  been  common  for 
some  utilities,  railroads  for  instance,  to  wear  down  in  lean  years 
and  build  up  in  fat  years.  Thus  the  condition  of  the  property 
is  not  maintained  in  some  uniform  condition  expressed  as  a 
definite  percentage  of  the  cost  of  all  new  elements,  as  for 
example,  80  per  cent,  but  may  vary  all  the  way  from  75  per  cent 
to  85  per  cent. 

It  is  commonly  believed  by  the  public  that  a  utility  property 
should  not  be  permitted  to  earn  on  more  than  the  so-called 
present  value  of  its  physical  elements,  that  is,  their  cost  new, 
less  depreciation,  say  80  per  cent  of  the  cost  new  or  less.  As 
bearing  on  this,  I  have  pointed  out  that  the  property,  which  by 
means  of  a  proper  depreciation  fund  can  be  maintained  at  some 
definite  percentage  which  enables  it  to  render  satisfactory 
service,  has  cost  100  per  cent.  That  is,  the  80  per  cent  property 
cannot  be  had  at  all  without  expending  the  100  per  cent.  Thus 
in  order  to  have  an  80  per  cent  physical  condition,  we  must 
have  a  capital  charge  of  100  per  cent.  From  this  it  becomes 
apparent  that  in  determining  a  reasonable  charge  we  must  base 
it  not  on  the  percentage  which  represents  condition,  but  on  the 
cost  of  the  property  which  cannot  be  maintained  economically 
above  an  80  per  cent  condition. 

If,  however,  it  be  insisted  that  only  that  percentage  of  the 
total  cost  which  is  represented  by  the  maintained  condition  of 
the  property  can  bear  an  interest  return,  the  loss  of  capital  and 
interest  thus  incurred  must  be  provided  for  out  of  earnings  in 
another  way,  namely,  by  a  sinking  fund.  This  then  is  the  fourth 
factor  determining  a  reasonable  charge  for  public  utility  service. 
It  is  to  be  borne  in  mind  that  in  this  entire  discussion  I  am 
assuming  only  actual  costs  in  the  capital  investment,  and  only 
such  an  interest  rate  as  will  induce  the  investment  of  the  capital 
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in  the  utility.  At  the  end  of  the  franchise  period  it  is  necessary 
to  make  good  both  principle  and  interest. 

The  importance  of  this  sinking  fund  and  its  magnitude 
depend  on  the  attitude  of  tlie  public  towards  the  utility  com- 
pany. The  public  service  corporation  works  under  a  franchise, 
which  is  simply  a  grant  by  the  public  of  the  right  tu  ilo  busi- 
ness. With  certain  kinds  of  utilities  the  franchise  is  perpetual ; 
with  others,  the  life  is  limited  to  a  definite  period,  say,  30  years. 
In  some  states,  Wisconsin  for  instance,  indeterminate  fran- 
chises are  granted;  that  is,  franchises  which  can  be  called  in, 
or  surrendered  at  any  time,  subject  to  control  by  the  Railroad 
Commission  of  that  state.  In  the  case  of  a  limited  franchise 
under  which  the  utility  company  must  cease  operations  and 
close  up  its  business  at  the  end  of  a  definite  period,  the  company 
must  make  not  only  enough  to  pay  the  interest  on  the  cost  of 
the  plant  and  maintain  it  always  in  condition  to  render  the 
service  demanded  by  the  public,  as  well  as  the  operating 
expenses,  including  taxes,  insurance  and  repairs,  but  also  an 
additional  amount  to  cover  whatever  part  of  the  plant  must  be 
sacrificed  at  the  end.  This  means  a  sinking  fund  to  retire 
portions  of  the  cost,  if  not  the  entire  cost.  In  other  words,  the 
company  must  earn  enough  during  its  life  to  pay  back  whatever 
part  of  the  principal  has  to  be  sacrificed,  as  well  as  the  interesi 
on  the  principal,  in  addition  to  maintaining  and  operating  the 
plant  satisfactorily  during  the  franchise  life. 

This  sinking  fund  is  not  always,  indeed  I  may  say,  is  not 
generally  kept  as  a  separate  account  in  this  country,  but  is  taken 
out  in  the  form  of  distributed  earnings  from  year  to  year  in 
excess  of  the  amount  normally  required  as  interest  on  the  cost. 
Not  infrequently  ^yhat  appears  as  an  abnormally  large  dividend 
will  on  analysis  be  found  to  be  only  sufficient  in  the  end  to 
make  good  to  the  investor  both  the  interest  on  his  money  and 
the  principal  sacrificed  when  the  business  is  closed  out. 

It  should  be  clear  from  this  that  in  general  a  long  term 
franchise  is  more  favorable  to  the  public,  so  far  as  charges  for 
service  are  concerned,  than  a  short  term.  To  illustrate:  assume 
that  the  plant  must  be  sold  for  what  it  will  bring  as  scrap  or 
second-hand  material;  the  difference  between  its  cost  and  sale 
value  must  be  made  up  out  of  earnings  during  the  life  of  the 
franchise.  Thus,  if  the  franchise  life  be  short,  say  25  years, 
the  sinking  fund  annuity  must  be  much  larger  than  if  the  life 
be  50  years.  No  annuity  is  required,  when  the  life  is  perpetual. 
No  doubt  longer  term  franchises  will  be  granted  in  the  future, 
particularly  now  that  the  control  of  them  is  being  lodged  by 
the  states  in  public  service  commissions. 

I  am  not  discussing  in  this  paper  conditions  which  have 
existed  in  the  past,  or  may  exist  now,  in  connection  with  old 
properties,  but  am  confining  myself  to  fundamental  things,  those 
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which  should  guide  us  in  our  future  relations ;  those  relations 
which  will  come  to  exist  when  the  public  service  corporation  is 
permitted  to  earn  only  enough  on  its  investment  to  bring  capital 
into  the  field ;  that  is,  the  critical  condition,  as  it  were. 

There  remains  for  me  only  one  more  topic,  and  this  I  have 
put  off  until  the  last,  always  shying  at  it  and  going  around 
when  possible.  I  refer  to  discounts  on  securities.  This  I  have 
found :  no  bond  house  will  even  consider  financing  a  public 
service  corporation  without  a  bond  discount.  I  refer  particularly 
to  utilities  built  and  operated  under  a  limited  franchise.  It  will 
have  to  be  a  good  property  to  secure  better  than  15  per  cent 
discount.  It  is  an  excellent  property  which  commands  as  low 
as  10  per  cent  discount.  The  best  discount  I  have  ever  come 
across  in  my  own  investigations  is  8  per  cent.  This  does  not 
apply  to  municipalities,  however,  at  least  not  to  the  same  extent. 
The  simple  conclusion  is  that  if  the  public  utility  is  a  neces- 
sity and  the  money  for  it  is  obtained  in  the  usual  way,  one 
element  of  cost  is  the  discount  on  the  bonds,  which  in  effect 
starts  the  property  off  with  some  water  in  its  securities.  It  is, 
or  is  not,  water,  as  you  view  it.  Anyhow  it  is  necessary  in  the 
ordinary  way  of  financing  properties.  Thus  we  are  obliged,  in 
determining  a  reasonable  charge  for  public  utility  service,  to 
consider  not  merely  the  actual  cost  as  I  have  previously  given 
it.  but  something  more,  namely,  the  face  of  the  securities  which 
command  an  interest  return.  Opinions  diflFer  on  whether  it  is 
better  for  this  discount  to  be  absorbed  as  a  capital  charge  or 
carried  as  an  interest  charge.  So  far  as  the  purpose  of  this 
paper  is  concerned  it  is  not  material,  as  in  either  case  there 
must  be  a  charge  against  earnings  to  take  care  of  the  discount. 
It  will  be  convenient  to  bring  together  the  several  elements 
which  take  part  in  determining  a  reasonable  charge  for  public 
utility  service.  Not  all  of  them  take  part  at  the  same  time  neces- 
sarily, for  some  may  appear  in  one  case  and  not  in  another;  or 
several  may  be  combined  in  a  single  item.  In  a  general  way, 
and  in  a  somewhat  natural  order,  they  may  be  summarized  as 
follows : 

First,  Capital  Investment. 

1.  Preliminary  costs  covering  investigations  as  to  feasibility 
of  project. 

Note. — Organization,  promotion,  administration,  and  legal 
expenses,  engineering  and  superintendence  during  construction, 
which  are  distributed  over  the  whole  period  of  construction,  are 
more  conveniently  placed  later  in  the  schedule. 

2.  The  physical  property:  the  several  items  making  up 
the  whole  arranged  in  order,  each  affected  with  its  proper  allow- 
ances to  cover  contingencies,  special  engineering,  and  other  costs 
peculiar  to  the  item;  land  first,  followed  by  clearing  and  grub- 
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bing,  then  the  various  structures  and  equipment;  sub-contrac- 
tor's profits  included  with  the  separate  items. 

3.  General  contingencies  applicable  to  the  property  as  a 
whole  as  distinguished  from  special  contingencies  applicable  to 
particular  items. 

4.  General  contractor's  profits;  or,  the  profits  to  an  engi- 
neering firm  building  the  property  on  the  "cost  plus  a  per- 
centage" plan. 

5.  General  engineering,  and  superintendence  during  con- 
struction. 

6.  Insurance  and  taxes. 

7.  Organization,  administration  and  legal  expenses. 

8.  Cost  of  promotion  and  promoter's  profits. 

9.  Interest  during  the  construction  period. 

10.  Office  furniture  and  fixtures. 

11.  Stores  and  supplies. 

12.  Working  capital. 

Second,  Operating  Expenses. 

13.  Operating  expenses  per  se ;  that  is,  salaries,  wages,  fuel 
and  other  supplies,  repairs  and  upkeep ;  all  expenditures  required 
in  rendering  the  service  of  the  utility,  including  insurance  and 
taxes. 

14.  Interest  on  the  capital  investment  (the  actual  cost  of 
the  property),  i.  e.,  interest  on  securities  which  must  be  paid 
regularly. 

15.  Interest  on  floating  debts ;  this  may  include  the  discount 
on  bonds,  and  the  cost  of  financing,  if  these  have  not  been 
incorporated  with  the  capital. 

16.  Cost  of  establishing  the  business;  the  sums  of  money 
required  to  be  borrowed,  with  interest  on  the  same,  to  make 
good  the  differences  between  the  earnings  and  expenditures  up 
to  the  time  the  earnings  become  sufficient  to  meet  all  expendi- 
tures. This  mav  be  made  a  capital  charge,  or  carried  as  a 
floating  debt  to  be  paid  out  of  future  earnings. 

ll\ird.  Depreciation  Fund. 

17.  The  regular  contribution  to  the  depreciation  fund,  out 
of  which  the  integrity  of  the  property  is  to  be  maintained. 

FourtJi.  Sinking  Fund. 

18.  The  annuity  required  to  retire  such  portions  of  the 
securities  as  may  be  necessary  at  the  expiration  of  the  franchise 
life  of  the  proi)erty,  in  order  that  the  investor  may  receive  back 
his  entire  principal  when  the  business  is  closed  out. 

It  will  surprise  everyone  not  familiar  with  the  cost  of 
building  public  utility  plants  to  learn  that  the  so-called  overhead 
charges  are  in  the  aggregate  a  large  percentage  of  the  costs  ot 
labor  and  the  material  things  entering  into  their  construction. 
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An  examination  of  the  various  percentages  mentioned  in  dis- 
cussing the  elements  of  cost,  omitting  items  1,  4,  8,  15  and  16, 
will  disclose  that  if  the  individual  contingencies  of  construction, 
special  engineering  charges,  and  contractor's  profits  be  assumed 
to  be  embraced  in  item  2,  the  total  percentage  may  vary  from 
12  to  25  per  cent;  and  if  these  inside  percentages  be  added  to 
the  outside,  or  general,  percentages,  the  total  percentage  may 
vary  from  30  to  60  per  cent. 

It  is  to  be  regretted  that  engineers,  and  others  who  have 
had  experience  in  building  properties,  and  valuing  them  after- 
wards, have  not  done  more  towards  disseminating  knowledge 
of  the  actual  conditions  found  in  such  work.  We  should  then 
be  much  further  along  towards  the  mutual  understanding  which 
must  exist  before  the  public  and  the  public  service  corporation 
can  get  together  on  common  ground.  But  engineers  have  many 
times  hesitated  to  use  the  larger  percentages,  fearing  to  be 
accused  of  favoring  the  corporation.  They  have  preferred  in- 
stead to  secure  the  equivalent  of  them  by  using  larger  units 
of  costs ;  or  have  used  the  smaller  percentages,  influenced  by  the 
feeling,  unconsciously  perhaps,  that  all  things  considered,  the 
results  were  fair  enough.  In  combining  the  judicial  with  their 
engineering  function,  they  have  unwittingly  only  obscured  the 
issue.  All  too  frequently  engineers  have  felt  obliged  to  exert 
themselves  to  the  utmost  in  favor  of  their  client,  leaving  the 
interests  of  the  other  side  to  be  fought  for  with  equal  solicitude 
by  an  opposing  engineer.  Thus  they  have  become  advocates. 
This,  in  my  opinion,  is  not  the  best  way  to  handle  these  momen- 
tous problems.  It  would  be  far  better  in  these  troublesome 
times  to  throw  open  the  blinds  and  let  in  all  the  light,  our  motto 
being  Veritas  inncit. 
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TESTING    OF   HORIZONTAL    LOWHEAD    WATER 

TURBINES 

At  Elkhart,  Indiana. 
Lucius  B.  Andrus,  Mem.  A.  L  E.  E. 

Presented  November  24,  JQ13,  at  a  Joint  Meeting  of  the  Electrical 
Section,  Jl'.  S.  E.,  and  Chicago  Section,  A.  I.  E.  E. 

IN   GENERAL. 

The  Elkhart  hydro-electric  plant,  operated  in  connection  with 
plants  of  the  Indiana  and  Michigan  Electric  Company,  is  located  on 
the  south  bank  of  the  St.  Joseph  River  in  the  northwest  quarter  of 
Section  4,  Concord  Township,  Elkhart  County,  Indiana.  The  plant 
was  built  by  the  Elkhart  Hydraulic  Company — a  company  organized 
under  an  hydraulic  act  in  the  year  1865.  The  present  hydraulic  in- 
stallation consists  of  two  complete  water  turbine  units  for  driving  2- 
1000  kv-a,  3  phase,  4  wire,  4000  volt,  60  cycle  generator  units  and 
one  water  turbine  unit  for  driving  1-100  kw.,  125  volt,  direct  cur- 
rent exciter  generator,  with  suitable  oil  pressure  horizontal  water 
wheel  governors  for  controlling  the  speed  of  each  water  turbine  unit. 
The  general  arrangement  of  these  water  turbines,  generators,  exciter, 
and  governors  is  shown  in  Fig.  L 

The  general  arrangement  of  the  testing  equipment  used  is  shown 
in  Fig.  2. 

WATER  TURBINES. 

Each  generator  water  turbine  unit  consists  of  two  pairs,  ar- 
ranged tandem,  of  50-in.  horizontal  shaft,  center  discharge  water 
turbines.  Each  of  these  turbine  units,  when  operating  under  a  net 
working  head  of  18  ft.,  is  guaranteed  to  develop  1400  h.  p.  at  full 
gate  opening,  using  approximately  51,500  cu.  ft.  of  water  per  minute 
when  running  at  a  speed  of  120  r.  p.  m..  developing  horse  powers  ini- 
der  other  various  heads,  as  shown  by  the  curves  in  Fig.  3,  when  run- 
ning at  120  r.  p.  m.,  and  guaranteed  to  develop  these  horse  powers 
at  efficiencies  as  shown  by  the  curves  in  Fig.  4. 

The  exciter  water  turbine  unit  consists  of  one  pair  of  26-in.  hori- 
zontal shaft,  center  discharge  water  turbines  which,  when  operat- 
ing imder  a  net  working  head  of  18  ft.,  will  develop  170  h.  p.,  usin'g 
approximately  6250  cu.  ft.  of  water  per  minute  when  running  at  a 
speed  of  257  r.  p.  m. 

LUBRICATION. 

In  connection  with  each  of  the  aforementioned  water  turbine 
units  is  installed  a  complete  .system  of  positive  lubrication,  which  will 
be  briefly  described  for  the  reason  that  the  friction  losses  of  the  tur- 
bines, and  consequently  the  efficiency  of  the  turbines,  depends  to 
some  extent  upon  the  effectiveness  of  the  lubrication.    The  system  of 
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lubrication  consists  of  a  large  grease  compressor  fitted  with  a  suit- 
able hand-wheel  and  gears  for  operating  it.  This  grease  com- 
pressor is  piped  to  three  cast-iron  manifolds,  to  which  are  attached 
the  various  pipe  connections  between  the  valves  on  the  manifolds 
and  the  shaft  bearings  of  the  water  wheels  which  are  normally  op- 
erated under  water.  The  manifold  and  valves  are  located  inside  of 
the  power  house,  and  from  each  of  these  valves  a  pipe  is  run  to  its 
respective  bearing  inside  of  the  penstock.  The  design  of  the  positive 
lubrication  system  is  such  that  the  grease  pipes  are  laid  on  the  pen- 
stock floor,  and  the  risers  to  the  bearings  are  rigidly  attached  in  such 
a  manner  as  to  prevent  any  undue  vibration  in  the  grease  pipes.  Wa- 
ter-wheel bearings  are  lubricated  by  opening  the  valves  on  the  mani- 
fold successively  and  after  opening  each  valve,  turning  the  hand- 
wheel  on  the  grease  compressor.  This  forces  a  given  amount  of 
grease  from  the  compressor  to  the  manifold  and  through  the  open 
valve  and  pipe  connected  to  it  into  the  bearing  of  the  water  wheel. 
After  the  said  valve  is  closed  the  next  valve  is  opened  and  the  afore- 
mentioned method  of  procedure  is  followed  out  until  all  bearings 
have  been  lubricated. 

GATE  OPERATING  CONNECTIONS. 

The  amount  of  water  admitted  to  the  water  wheels  is  controlled 
by  water-balanced  gates,  which  gates  are  operated  from  a  gate-op- 
erating ring,  and  the  connection  between  the  gates  and  the  operating 
ring  is  made  with  short  malleable  iron  links  between  the  gates  and 
the  gate  ring.  The  gates  are  opened  and  closed  by  revolving  the 
gate  ring,  and  in  order  to  get  a  free  and  easy  movement  of  the  gate- 
operating  mechanism,  the  gate-operating  rings  are  automatically  lu- 
bricated from  the  grease  that  is  furnished  to  the  water-wheel  shaft 
bearing  adjacent  to  the  ring.  The  gate  rings  are  operated  with  an 
operating  device  consisting  of  two  connecting  rods.  One  end  of  the 
connecting  rods  is  attached  to  the  gate-operating  ring,  and  the  other 
end  is  attached  by  means  of  a  suitable  connection  to  the  gate  shaft. 
The  gate  shaft  is  located  on  top  of  the  turbine  units,  and  the  con- 
necting rods  are  of  such  length  that  the  weight  of  the  gate  ring  is 
carried^on  the  connecting  rods,  thereby  making  practically  a  floating 
ring.  The  parts  of  the  gate-operating  connections  are  so  propor- 
tioned that  the  gate  shaft  turns  about  one-sixth  of  a  full  revolution, 
or  through  an  angle  of  60°,  when  making  a  complete  gate  movement 
from  shut  to  open,  or  vice-versa.  The  gates  are  so  designed  that 
the  balance  of  pressure  is  on  the  closing  side,  so  that  the  gates  will 
gradually  close  if  any  of  the  governor  connections  should  break. 

GOVERNOR  CONNECTIONS. 

With  each  of  the  turbine  units  is  furnished  all  the  necessary 
governor  connections  between  the  gate  shaft  and  the  water-wheel 
governors,  including  rocker  arms  and'  connecting  rod.  No  gears 
are  used  for  the  governor  connections,  the  governor  being  direct  con- 
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nected  to  the  gate  shaft  in  such  a  manner  that  through  the  means 
of  the  rocker  arms  and  connecting  rods,  the  gate  shaft  can  be  turned 
through  an  angle  of  60°  without  the  use  of  any  intermediate  gears. 

WATER    WHEEL    GOVERNORS. 

Eacli  water  turbine  unit  is  equipped  with  a  horizontal  oil-pres- 
sure water-wheel  governor  of  30,000  ft.-lb.  capacity.  Each  governor 
is  furnished  with  an  oil  pump  belt  connected  to  the  main  generator 
shaft  and  also  a  pressure  and  vacuum  tank.  Each  main  unit  gov- 
ernor is  fitted  with  an  electric  speed  control  operated  from  the  switch- 
board. 

For  controlling  the  speed  of  the  exciter  water  turbine,  a  hori- 
zontal oil-pressure  water-wheel  governor  of  2500  ft.-lb.  capacity  is 
used,  and  this  governor  is  also  furnished  with  an  oil  pump,  belt  con- 
nected to  the  exciter  shaft  and  a  pressure  and  vacuum  tank. 

GENERATORS. 

Direct  connected  by  means  of  suitable  coupling  on  the  end  of 
each  water-wheel  shaft,  is  an  electrical  generator.  The  main  unit 
generators  are  of  1000  kv-a  capacity  each,  4000  volts,  3  phase,  4 
wire,  60  cycles,  at  120  r.  p.  m.,  and  the  exciter  generator  unit  is  of 
100  kw.  capacity,  125  volts  direct  current,  at  250  r.  p.  m. 

WATER  TURBINE  TESTS  AND  GUARANTEES. 

The  water  turbine  manufacturer  was  required  to  state  in  his 
proposal,  the  efiiciencies  and  horse  power  which  the  water  turbines 
would  develop  under  dififerent  operating  heads  and  different  gate 
openings,  which  were  approximately  as  shown  in  Figs.  3  and  4.  To 
make  it  possible  to  verify  the  specifications  under  which  the  water 
turbines  were  furnished,  provision  was  made  in  the  water  turbine 
contract  for  a  test  of  the  water  turbines  relative  to  both  the  efficien- 
cies and  power  outputs  guaranteed  by  the  water  turbine  manufac- 
turers. The  energy  output  of  the  w-ater  wheels  was  guaranteed  at 
the  generator  end  of  the  water-wheel  shaft,  and  the  water  wheels 
were  to  be  loaded  to  devek)p  a  certain  horse  power  capacity  by  using 
the  electric  generators  for  this  purpose  The  brake  iiorse  power  of 
the  turbines  was  to  be  determined  from  the  electrical  output  of  the 
generators,  as  indicated  by  proper  electrical  instruments,  and  by  di- 
viding the  electrical  generator  output  by  the  respective  efficiency  of 
the  electrical  generator  under  the  then  condition  of  operation.  The 
resulting  figure  would  be  a  true  measure  of  the  energy  output  of  the 
water  wheels  at  the  generator  end  of  the  water-wheel  shaft. 

In  order  to  know  just  what  the  efficiency  of  the  generator  under 
the  different  operating  conditions  would  be,  the  generators  were 
tested  in  the  shops  of  their  manufacturer  and  a  record  of  such  tests 
was  furnished  for  use  in  connection  with  the  water-wheel  test  in  the 
manner  hereafter  described.     Such  energy  output  measured  in  the 
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aforementioned  manner,  reduced  to  brake  horse  power  at  the  gen- 
erator coupling,  taken  in  connection  with  readings  which  would  de- 
termine the  speed  and  net  head  of  water  under  which  the  water 
wheels  were  operating  at  the  then  condition  of  the  test,  will  give  a 
check  on  the  power  curves  as  guaranteed  by  the  water  turbine  manu- 
facturer. 

In  order  to  arrive  at  a  figure  representing  the  theoretical  horse 
power  in  the  water  passing  through  the  turbine  at  the  then  condi- 
tion of  test,  the  discharge  water  from  the  turbines  was  caused  to 
pass  over  a  testing  weir  constructed  according  to  the  Francis  design. 
From  the  uniform  depth  of  the  water  flowing  over  the  testing  weir 
and  by  use  of  the  Francis  formula,  the  cubic  feet  of  water  per  second 
can  be  computed  for  each  foot  of  length  of  the  testing  weir.  This 
amount,  multiplied  by  the  total  length  of  the  testing  weir  over  which 
said  flow  of  water  is  taking  place,  will  be,  after  correcting  for  the 
leakage  through  the  weir  and  through  the  turbine  gates,  a  true  meas- 
ure in  cubic  feet  per  second  of  the  amount  of  water  which  passed 
through  the  runners  of  the  water  turbines  under  the  then  condition 
of  test.  The  weight  of  this  amount  of  water,  when  multiplied  by  the 
net  working"  head  of  water  on  the  wheels  under  the  then  condition 
of  test  and  divided  by  550,  which  is  the  foot-pound  per  second 
equivalent  for  one  horse  power,  will  give  the  theoretical  horse  power 
of  the  water  which  passed  through  the  buckets  of  the  turbine  at  the 
then  condition  of  test. 

The  ratio  of  the  brake  horse  power  to  the  theoretical  horse 
power  will  then  be  a  true  measure  of  the  resulting  efficiency  of  the 
water  wheels  under  the  then  condition  of  test,  and  such  efficiency, 
when  taken  in  connection  with  the  net  operating  head  of  the  wheels 
and  the  speed  under  the  then  condition  of  test,  will  give  a  check  on 
the  efficiency  curves  as  guaranteed  by  the  water  turbine  manufac- 
turer. 

GENERATOR  LOSSES. 

Under  the  heading,  "Water  Turbine  Tests  and  Guarantees,"  the 
following  statement  appears : 

"In  order  to  know  just  what  the  efficiency  of  the  generator  un- 
der the  different  operating  conditions  would  be,  the  generators  were 
tested  in  the  shops  of  their  manufacturer  and  a  record  of  such  tests 
was  furnished  for  use  in  connection  with  the  water-wheel  test."  The 
word  efficiency,  as  defined  in  the  standardization  rules  of  the  Amer- 
ican Institute  of  Electrical  Engineers,  means,  with  reference  to  a 
piece  of  apparatus,  the  ratio  of  its  power  output  to  its  power  input, 
and,  unless  otherwise  specified,  the  term  is  ordinarily  assumed  to  re- 
fer to  power  efficiency.  And  this  is  the  sense  in  which  it  is  used  in 
the  aforementioned  quotation.  The  power  input  to  the  generator  is 
equal  to  the  power  output  plus  the  losses  in  the  generator.  The 
losses  which  in  the  water-wheel  test  must  be  added  to  the  generator 
power  outputs,  in  order  to  give  a  true  measure  of  the  generator 
power  input,  are  as  follows : 

January,  1914 


26  Andrus — Horizontal  Lowhead   Water  Turbines 

(a)  Core  Losses. 

(b)  Bearing  Friction  and  Windage  Losses. 

(c)  Armature  Resistance  Losses. 

(d)  Load  Losses. 

The  excitation  losses  were  supplied  from  a  motor-generator  set 
operating  from  a  separate  system  and  had  no  influence  with  refer- 
ence to  the  power  output  of  the  main  unit  turbine  water  wheel.  The 
water-wheel  governors  were  not  used  during  the  test  and  the  gov- 
ernor pumps,  which  are  ordinarily  belt  connected  to  the  main  water- 
wheel  shaft,  were  not  run.  Consequently  they  had  no  influence  with 
reference  to  the  power  output  of  the  main  unit  turbine  water  wheel. 

(a)     Core  Losses. 

The  core  losses  or  iron  losses  in  the  generators  are  supplied 
mechanically  and  occur  when  the  generator  fields  are  excited  from 
some  external  source.  They  manifest  themselves  in  the  form  of  a 
torque  on  the  armature  and,  therefore,  if  the  armature  is  driven  at  a 
constant  speed  by  a  motor,  and  the  increased  electrical  input  to  the 
motor  is  noted  as  the  excitation  is  increased,  the  increased  power  in- 
put to  the  motor  is  a  measure  of  the  power  required  to  supply  the 
core  losses. 

Assuming  the  motor  to  be  driving  the  generator  under  test  at 
its  proper  speed  as  a  generator  and  with  the  field  excited,  as  stated 
in  the  previous  paragraph,  with  the  power  input  to  the  motor  noted, 
open  the  field  circuit  of  the  generator.  This  cuts  off  the  external 
source  of  magnetization  and  the  power  input  to  the  driving  motor 
will  be  reduced  by  an  amount  equal  to  the  iron  loss  of  the  generator 
under  the  then  corresponding  generator  voltage.  Now,  if  the  new 
power  input  to  the  driving  motor  be  subtracted  from  the  power  input 
fo  the  driving  motor  before  the  field  circuit  is  open,  the  diflFerence 
may  be  taken  as  a  correct  measure  of  loss  or  iron  loss  of  the  gen- 
erator.    (Fig.  5.) 

(&)     Bearing  Friction  and  Windage  Losses. 

It  now  remains  to  note  the  power  input  to  the  motor  driving  the 
generator  at  the  correct  speed  without  any  field  excitation.  After 
so  doing,  take  the  driving  belt  off  the  motor  and  again  start  up  the 
motor  and  find  its  power  input  without  any  load.  This  power  input 
to  the  motor  without  any  load,  when  subtracted  from  the  power  in- 
put to  the  motor  when  it  was  driving  the  generator  without  any  field 
excitation,  will  give  a  difTerence  which  may  be  taken  as  a  true  meas- 
ure of  the  losses  due  to  bearing  friction  and  windage.  This  loss  will 
be  constant  at  the  constant  speed  at  which  the  generators  are  run 
under  test.     (Fig.  7,  col.  7.) 

(f)     Armature  Resistance  Losses. 

The  armature  resistance  losses  arc  the  losses  which  take  place 
in  the  armature  co])|)cr.  This  copper  loss  in  any  winding  of  a  ma- 
chine may  be  found  by  multiplying  the  resistance  of  the  winding  by 
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the  square  of  the  current  flowing  through  the  copper  included  in  the 
resistance  measurement.  Using  this  method,  it  is  sufficient  to  meas- 
ure a  resistance  of  the  windings  with  the  generators  at  rest.  The 
resistance  being  measured  from  terminal  to  terminal  of  the  armature, 
and  on  a  3  phase  machine,  such  resistance  may  include  two  arma- 
ture circuits  or  branches  in  series  if  the  generator  is  Y  connected, 
and  may  include  the  resistance  of  one  circuit  or  branch  in  parallel 
with  the  other  two  circuits  or  branches  if  the  armature  is  delta  con- 
nected. This  armature  resistance  loss  may  be  calculated  by  multi- 
plying the  (resistance  of  one  armature  circuit  or  branch)  by  (the 
square  of  the  current  in  such  armature  circuit  or  branch)  by  (the 
number  of  armature  circuits  or  branches)  (Fig.  6).' 

{d)     Load  Losses. 

The  load  losses  cannot  be  determined  individually,  but  their 
joint  influence  can  be  determined  by  short-circuiting  the  generator 
and  exciting  the  generator  until  full-load  current  is  being  circulated 
through  the  windings.  By  measuring  the  power  necessary  to  drive 
the  generator  under  these  conditions,  and  subtracting  the  friction  and 
windage  loss  and  the  calculated  copper  loss,  the  remainder  will  be 
the  load  loss  due  to  eddy  currents  and  losses  in  the  iron  parts.  Ac- 
cording to  the  American  Institute  of  Electrical  Engineers'  standard- 
ization rule,  one-third  of  said  remainder  can  be  taken  as  that  load 
loss  which  would  occur  under  actual  load  conditions. 

GENERATOR  EFFICIENCY. 

By  determining  the  aforementioned  losses  in  the  generator  for 
various  conditions  of  voltage  and  total  load  on  the  generators,  and 
adding  the  sum  of  the  losses  at  the  then  assumed  conditions  of  volt- 
age and  amperage  under  which  the  losses  were  taken  to  the  kilowatt 
output  of  the  generator,  which  would  be  computed  from  the  afore- 
mentioned voltage  and  amperage  assumptions,  at  1(X)%  power  fac- 
tor, the  result  of  this  addition  would  be  a  true  measure  of  the  power 
input  to  the  generator  when  delivering  such  a  load.  The  ratio  of 
the  aforementioned  kilowatt  power  output  to  the  kilowatt  power  in- 
put will  be  a  true  measure  of  the  efficiency  of  the  generator  under 
the  assumed  conditions  as  defined  above.  By  determining  this  effi- 
ciency at  the  various  kilowatt  loads,  which  will  give  the  desired  gate 
openings  on  the  water  wheels,  and  at  the  various  voltages  at  which 
tlie  desired  loads  can  be  secured,  and  plotting  the  same,  we  get  a  set 
of  generator  efficiency  curves  under  the  different  conditions,  as 
shown  in  Fig.  7. 
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The  tabulated  computations  from  which  tlie  curves  in  Fig.  7  are 
plotted,  are  as  follows : 

GENERATOR    EFFICIENCIES   CALCULATED   FROM   FACTORY  TEST   SHEETS 
Include:  Core  Loss,  Friction  and  Windage,  Armature  Resistance  Losses,  and  Load  Losses. 


Volts 

Amps. 

Output 

Core 

Arm. 

Load 

Friction 

Total 

Input 

Eff. 

kw. 

loss 

copper 

loss 

and 

losses 

kw. 

kw. 

loss 
kw.  at  25° 

kw. 
C. 

windage 
kw. 

kw. 

8960 

44.5 

250 

11 

1.1 

0.2 

3.9 

16.2 

266.2 

93.9 

8250 

89 

500 

11  . 

4.5 

0.5 

3.9 

19.9 

519.9 

96.2 

8260 

133.5 

750 

11 

10.2 

0.9 

3.9 

26 

776 

96.6 

3250 

1?8 

1000 

11 

18 

1.7 

3.9 

34.6 

1034.6 

96.7 

3250 

222.5 

1250 

11 

28 

2.6 

3.9 

45.5 

1295.5 

96.6 

8260 

267 

1500 

11 

40.5 

4.3 

3.9 

59.7 

1559.7 

96.2 

?500 

41.3 

250 

13 

1.0 

0.2 

3.9 

18 

208 

33.2 

3500 

82.5 

500 

13 

3.8 

0.5 

3.9 

21.2 

521.2 

U5.9 

8600 

123.8 

750 

13 

8.7 

0.9 

3.9 

26.5 

776.5 

90.6 

3500 

165 

1000 

13 

15.4 

1.6 

3.9 

34 

1034 

96.7 

3500 

206 

1250 

13 

24.1 

2.2 

3.9 

43.2 

1293.2 

90.7 

8500 

248 

1500 

13 

35 

3.5 

3.9 

55.4 

l.';55.4 

96.4 

3750 

38.5 

250 

15 

0.8 

0.1 

3.9 

19.8 

269.8 

92.  r 

3750 

77.0 

500 

15 

3.4 

0.3 

3.9 

22.6 

522.6 

:45.7 

3750 

115.5 

750 

15 

7.6 

0.7 

8.9 

27.2 

777.2 

96.5 

8760 

154 

1000 

15 

13.4 

1.2 

3.9 

33.5 

1033.5 

96.8 

3760 

192 

1250 

15 

21 

2 

3.9 

41.9 

1291.9 

96.8 

3750 

231 

1500 

15 

30.3 

2.9 

3.9 

52.1 

1552.1 

99.6 

4250 

34 

250 

19.5 

0.6 

0.1 

3.9 

24.1 

274.1 

91.2 

4250 

68 

500 

19.5 

2.6 

0.3 

3.9 

26.3 

526.3 

95 

4250 

102 

750 

19.5 

5.9 

0.5 

3.9 

29.6 

779.8 

96.2 

4250 

136 

1000 

19.5 

10.5 

0.9 

3.9 

34.7 

1034.7 

96.6 

4260 

170 

1250 

19.5 

16.4 

1.5 

3.9 

41.3 

1291.3 

96.8 

4260 

204 

1500 

19.5 

23.6 

2.2 

3.9 

49.2 

1549.2 

06.8 

4600 

32 

250 

22.5 

0.6 

0.1 

3.9 

27.1 

277.1 

90.2 

4500 

64 

500 

22.5 

2.3 

0.2 

3.9 

28.9 

528.9 

04.5 

4600 

96 

750 

22.5 

5.2 

0.5 

3.9 

32.1 

782.1 

95.9 

4S00 

128 

1000 

22.5 

9.3 

0.9 

3.9 

36.6 

1036.6 

06.5 

4600 

160 

1250 

22.5 

14.5 

1.3 

3.9 

42.2 

1292.2 

06.7 

4500 

192 

1500 

22.5 

20.9 

2 

3.9 

49.3 

1549.8 

06.8 

4750 

80.4 

250 

26.0 

0.5 

0.1 

3.9 

30.5 

280.5 

89.1 

4760 

60.8 

500 

26.0 

2.1 

0.2 

3.9 

32.2 

532.2 

03.9 

4750 

91.2 

750 

26.0 

4.7 

0.5 

3.9 

35.1 

785.1 

95.5 

4750 

121.6 

lono 

26.0 

8.4 

0.8 

3.9 

39.1 

1039.1 

96.2 

4760 

162 

1250 

26.0 

13.1 

1.2 

3.9 

44.2 

1294.2 

96.6 

4760 

182.4 

1500 

26.0 

18.9 

1.7 

3.9 

50.5 

1550.5 

96.7 

GENERATOR  EFFICIENCIES   CALCULATED  FROM   FACTORY  TEST  SHEETS. 

Jnclude:    Core    Loss,    Friction    and    Windage,    Armature    Resistance    Losses,    Load    Losses 

(Armature   Copper  at   25    Deg.    C.) 

KILOWATTS    ouipur. 


Terminal 

Voltage 

Y 

250 

600 

750 

1000 

1260 

1600 

8260 

98.9 

06.2 

06.6 

06.7 

96.5 

S6.8 

8600 

98.2 

05.0 

96.6 

06.7 

06.7 

98.4 

8760 

92.7 

95.5 

96.5 

06.8 

06.8 

06.0 

4000 

92.0 

95.4 

96.4 

06.7 

96.8 

06.8 

4860 

01.8 

06.0 

96.2 

06.6 

96.8 

96.8 

4500 

00.3 

94.6 

95.0 

06.6 

96.7 

06.8 

4760 

80.1 

08.0 

05.5 

06.8 

96.6 

96.7 

IIOLYOKE  TESTS  TURBINE  WATER  WHEELS. 

Leaving  the  subject  of  the  Elkiiart  power  house  for  a  few  mo- 
ments, I  desire  to  call  your  attention  to  a  cross  section  of  the  Holy- 
oke  tcsting-tlume  as  shown  in  I^'ig.  8. 
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This  flume  is  owned  by  the  Holyoke  Water  Power  Company  and 
is  located  at  Holyoke,  Massachusetts.  The  Holyoke  Water  Power 
Company  controls  the  flow  of  the  Connecticut  River,  at  Holyoke, 
Mass.,  on  a  fall  of  nearly  60  ft.    Above  its  dam  is  a  drainage  area 


HOLYOKC  TESTING   FLUME 


1^ 

1 

QUANTIT  Y  OF  WATER 
PASSING  THE  WEIR 
C.F.P.S. 

QUANTITY  OF  WATER 
PASSING  THE  WHEELS 
C.FP.S. 

WEIGHT  ON 
DYNAMOMETER 
LEVER  LBS. 

REVOLUTIONS  OF 

WHEELS     PER 

MINUTE 

H.P.  DEVELOPED  BY 
WHEEL  UNDER 
ACTUAL  HEAD 

Fig.  8 

of  8,144  square  miles,  as  measured  on  the  best  maps  in  existence  at 
the  present  time.  At  this  date  there  are  nearly  27.000  h.  p.  in  use 
by  day,  and  over  15.000  by  nisht,  of  which  part  are  "permanent 
powers,"  licld  by  tiie  parties  using  them  under  indentures,  and  sub- 
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ject  to  annual  rental;  the  balance  are  "surplus  powers,"  held  by  the 
parties  using  them,  subject  to  withdrawal  at  short  notice.  Surplus 
powers  are  paid  for  from  day  to  day,  and  according  to  the  amount 
used.  In  time  of  drought,  if  used  after  prohibition,  the  parties  so 
using  are  liable  to  a  heavy  penalty. 

There  are  at  the  present  date  158  water  wheels  in  use  in  Holy- 
oke,  of  which  68  run  about  10  hours  per  day,  and  90  run  from  Sun- 
day midnight  to  Saturday  midnight,  or  144  hours  per  week.  The 
number  of  distinct  establishments  operated  by  these  wheels  is  about 
60.  Observations  are  taken  giving  the  opening  of  the  speed-rate 
of  each  wheel  and  the  head  acting  upon  it,  once  a  day,  and  once  dur- 
ing each  night.  These  are  carefully  preserved  and  from  them  are 
computed  the  amounts  discharged  by  each  wheel  and  by  each  estab- 
lishment, during  the  quarter  year,  and  the  "surplus  power"  thus 
shown  to  have  been  used  is  paid  for  at  the  end  of  the  quarter. 

This  system  results  in  economy  in  the  use  of  water,  where  other- 
wise there  would  be  great  wastefulness.  In  times  of  low  water,  it 
restricts  the  use  of  water,  and,  when  need  be,  confines  all  parties  to 
their  indentured  quantities.  Before  the  introduction  of  this  system 
of  management,  some  parties  would  persist  in  using  much  more  than 
their  lawful  quantity  at  any  and  all  times,  and  in  entire  disregard  of 
the  rights  of  any  other  parties. 

For  the  purpose  of  making  the  necessary  experiments  on  the 
wheels  of  their  tenants,  before  they  are  set  in  the  mills,  the  Holyoke 
Water  Power  Company  has  built,  at  a  large  outlay,  a  permanent 
testing  flume,  shown  in  Fig.  8.  Over  this  testing  flume  is  a  substan- 
tial brick  building  containing  repair  shops,  blacksmith  shop,  and  oil 
room  and  ofiices.  Wheels  are  tested  here  both  for  power  and  for 
amount  of  water  discharged.  They  are  usually  tested  at  five  or  six 
difl^erent  openings  of  the  speedgate,  ranging  from  wide  open,  to  the 
opening  at  which  the  discharge  is  one-half  that  at  full  opening,  and 
at  six  or  eight  different  velocities  of  revolution  at  each  gate-opening, 
making  some  30  or  40  experiments  in  all  on  each  wheel.  The  final 
result  is,  that  for  all  practical  purposes  the  water  wheel  has  been 
converted  into  a  water  meter,  and  its  discharge  may  be  known  under 
any  of  the  conditions  under  which  it  is  found  in  the  mill.  Besides 
this,  its  efficiency,  or  the  value  of  the  wheel  as  a  water-motor,  is 
also  known. 

Being  fitted  to  make  these  tests  at  any  time,  summer  and  win- 
ter, and  with  many  tests  to  make,  the  expense  of  a  single  test,  when 
made  by  the  Holyoke  Water  Power  Company,  need  be  but  moderate. 
In  former  years  such  tests  could  be  made  only  in  the  mills  where  the 
wheel  happened  to  be  set,  and  at  great  expense  for  preparation,  all 
of  which  preparation  was  available  for  that  one  wheel  only.  In  this 
way  the  cost  of  a  wheel  test  might  readily  amount  to  $2,500,  where 
the  Holyoke  Water  Power  Company  would  now  undertake  to  do  it 
for  $100.00  to  $150.00.  This  has  gradually  led  to  the  making  of  a 
great  many  wheel  tests  each  year  for  outside  parties  who  send  wheels 
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from  all  parts  of  the  United  States.  As  will  be  seen  from  the  de- 
scription of  the  testing  flume,  it  is  suitable,  moreover,  to  the  mak- 
ing of  hydraulic  experiments  other  than  the  efficiency  test  of  wheels, 
and  is  used  for  such,  from  time  to  time. 

As  a  result  of  the  policy  of  the  Holyoke  Water  Power  Company 
making  tests  for  water  turbine  manufacturing  companies  and  sup- 
plying rej)orts  on  such  tests,  more  efficient  use  is  now  made  of  wa- 
ter, and  the  water-wheel  manufacturers  can,  by  having  their  wheels 
tested  in  the  Holyoke  flume,  get  such  data  as  will  allow  of  making 
fixed  guarantees  of  the  performance  of  their  water  turbines. 

There  are  three  factors  of  the  Holyoke  test  which  are  practi- 
cally fixed  and  do  not  apply  to  the  conditions  under  which  the  water 
turbines  will  necessarily  operate  in  a  power  installation. 

(a)  The  head  at  Holyoke  under  which  the  wheels  are  tested 
may  be  considerably  different  from  that  at  which  the  wheels  will 
operate  when  permanently  installed. 

(b)  The  wheels  are  tested  in  a  vertical  position  at  Holyoke 
and  may  be  erected  in  a  horizontal  position  when  permanently  in- 
stalled. 

(c)  The  length  of  draft  tube  is  fixed  within  limits  in  the  Holy- 
oke testing  plant.  The  form  of  it  is  fixed,  and  the  draft  tube  through 
which  the  wheels  will  discharge  water  when  erected  when  perma- 
nently installed,  may  be  of  an  entirely  different  length  and  shape, 
and  in  the  final  analysis  it  is  the  performance  of  the  wheel  when 
permanently  installed  that  is  of  real  value  to  the  investors.  The  ma- 
jority of  water  turbine  manufacturers'  guarantees  are  based  on 
Holyoke  tests,  with  a  given  allowance  for  the  three  aforemen- 
tioned conditions  which  exist  between  the  factors  entering  into  the 
Holyoke  test  and  the  like  governing  factors  under  which  the  wheels 
will  operate  when  permanently  installed.  And  it  was  to  the  end  that 
the  accuracy  of  such  allowances  could  be  verified  that  the  Elkhart 
water  turbine  test  was  provided  for  in  the  contract  covering  the  wa- 
ter turbines,  and  was  carried  through,  as  hereinafter  described. 

With  reference  to  the  corrections  for  different  heads  as  men- 
tioned under  (a),  the  heads  can  be  checked  very  closely  without 
the  necessity  of  a  complete  test.  However,  with  reference  to  the 
corrections  as  mentioned  imder  (b),  it  was  problematical  as  to  the 
difference  in  performance  of  water  turbines  when  set  vertically  and 
when  set  horizontally.  With  water  wheels  set  vertically,  the  water 
necessarily  leaves  the  wheel  with  some  velocity,  but  the  discharge 
from  each  different  vane  of  the  wheel  does  not  necessarily  interfere 
with  the  discharge  from  other  vanes,  and  if  there  is  such  an  inter- 
ference, the  cfTcct  is  uniformly  distributed  around  the  wheel.  With 
water  wheels  set  horizontallv.  the  water  discharged  from  the  top 
half  of  the  wheel  necessarily  has  to  pass  downward  by  the  water 
discharged  from  the  lower  half  of  the  wheel  and  may  interfere  with 
it  and  therefore  subtract  from  the  power  and  efficiency.  At  the 
same  time,  the  water  discharged  from  the  bottom  half  of  the  wheel 
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does  not  have  to  pass  the  water  discharged  from  the  top  half.  There- 
fore, if  there  is  an  interference,  it  will  not  be  uniform  about  the 
wheel.  This  factor  of  discharging  the  water  from  the  top  half  of 
the  wheel  without  crowding  it  into  the  water  discharged  from  the 
bottom  half,  can  be  taken  care  of  largely  by  the  shape  followed  in 
the  design  of  the  top  half  of  the  draft  chest.  However,  assuming 
that  the  discharged  water  from  the  top  half  of  the  wheel  was 
crowded  down  by  the  water  discharged  from  the  bottom  half,  there 
was  a  question  as  to  how  much  this  would  detract  from  the  power 
which  the  wheel  could  develop,  as  shown  by  the  Holyoke  test  when 
in  a  vertical  position,  where  such  interference  would  not  take  place. 

With  reference  to  the  corrections  as  mentioned  under  (c), 
which  has  to  do  with  the  length  and  shape  of  the  draft  tube,  atten- 
tion is  again  called  to  the  fact  that  under  the  Holyoke  test  the  length 
and  shape  w^ere  fixed  within  certain  limits,  while  under  the  conditions 
under  which  the  wheels  will  operate  when  permanently  installed,  the 
draft  tube  may  be  of  an  entirely  different  shape  and  length.  The 
water  turbine  manufacturers  make  an  allowance  for  the  difference 
in  draft  tube  conditions  as  used  in  the  Holyoke  test  and  as  used 
when  permanently  installed.  An  approximation  of  the  real  differ- 
ence resulting  from  the  various  shapes  and  lengths  of  draft  tubes 
used  in  permanent  installations  can  be  arrived  at  only  as  a  result  of 
a  test  of  the  water  wheels  as  permanently  installed.  A  water  tur- 
bine as  permanently  installed  may  be  made  to  perform  its  work  more 
efficiently  than  was  shown  by  the  Holyoke  test,  providing  the  draft 
tube  conditions  are  better.  An  elementary  conception  of  just  how 
this  can  be  true,  may  be  reached  from  the  following  brief  descrip- 
tion : 

The  head  or  fall  acting  on  a  wheel  is  determined  by  physical 
conditions.  It  is  the  elevation  of  the  upper  pool  or  upper  level, 
otherwise  called  the  head  water,  above  the  lower  pool  or  lower  level, 
otherwise  called  the  tail  water.  A  wheel  set  any  number  of  feet 
above  the  latter  and  discharging  into  the  air  loses  so  many  feet  of 
the  head ;  but  if  it  discharges  through  a  vertical  pipe  whose  dis- 
charge is  below  the  lower  level,  the  water  will  free  the  pipe  from 
air,  and  the  pressure  against  which  the  water  issues  from  the  buckets 
will  be  reduced  by  the  exact  equivalent  of  that  part  of  the  head  be- 
tween the  center  of  the  discharge-orifices  and  the  tail  water.  In 
other  words,  the  draft-tube  renders  the  entire  head  available,  though 
the  wheel  may  set  considerably  above  the  lower  level. 

Theoretically,  this  height  could  not  exceed  that  corresponding  to 
the  atmospheric  pressure,  otherwise  there  would  be  a  vacuum  im- 
mediately below  the  wheel  and  a  part  of  the  head  would  be  lost.  In 
practice,  the  draft  head  never  reaches  the  limit  and  as  a  rule  does 
not  closely  approach  it.  It  is  not,  at  first  view,  evident  just  why 
the  air  is  expelled  from  the  draft  tube.  When  the  wheels  are  not 
rn.nning  and  the  draft  tube  is  empty,  the  surface  of  the  water  in  the 
draft  tube  stands  at  the  same  level  as  the  surface  of  the  water  in 
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vvliicli  the  discharge  of  the  draft  tube  is  submerged  which,  in  our 
case,  would  be  the  level  of  the  tail  water.  When  the  water  turbine 
gates  are  opened  and  the  water  passes  through  the  wheels,  the  water 
fills  the  inside  of  the  draft  chest  in  a  more  or  less  solid  condition 
and  becomes  mechanically  mixed  with  the  air.  As  a  result,  when 
the  water  discharges  through  the  draft  tube,  the  air  is  carried  out 
witli  the  discharge  water  in  the  form  of  air  bubbles,  for  the  reason 
that  the  velocity  of  the  water  through  the  draft  tube  is  faster  than 
the  velocity  at  which  the  bubbles  of  air  would  rise  in  the  water  and 
free  themselves.  By  giving  a  flare  to  the  draft  tube,  that  is,  in- 
creasing its  area  as  it  leaves  the  draft  chest  in  which  the  wheels  are 
encased,  it  is  possible  to  emi)loy  the  momentum  with  which  the 
water  leaves  the  wheel,  in  diminishing  the  back  pressure  or  pres- 
sure acting  against  the  discharge  of  the  wheel.  Its  practical  effect 
is  to  slowly  increase  the  head  acting  on  the  wheel.  The  extent  to 
which  it  increases  the  head  acting  on  the  wheel  is  represented  by  the 
difference  between  the  head  due  to  the  velocity  with  which  the  water 
leaves  the  wheel,  and  the  head  due  to  the  velocity  with  which  the 
water  leaves  the  enlarged  section  of  the  draft  tube.  This  is  shown 
in  the  following  example  : 

51,000^cu.  ft.  per  min.  two  pair 

^=850  cu.  ft.  per  sec.  two  pair 
=425    "     "     "     '•     one  pair 

Area  at  entrance  of  draft  tube  elbow  70  sq.  ft. 

425 

=  6  ft.  per  sec.  velocit\'  at  entrance  of  draft  tube  elbow. 

70    . 

V= 

H  =  — 

2g 

36 

64.4 
=0.56  equivalent  head  for  velocity. 
Area  at  discharge  of  draft  tube  elbow  90  sq.  ft. 

425 

=^  4.()  ft.  per  sec.  velocilv  at  discharge  of  draft  lul)c  elbow. 

90 

21 


H  = 


64.4 
0.325  e(|ui\aki)t  lu.id   for  velocity. 
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Gain  in  head  from  draft  tube 

0.56  ft.  —0.325  ft.=0.235  ft. 

Percent  gain  in  18  ft.  operating  head 

0.235 

=1.62% 

18  ft.  —0.56 

The  effect  of  the  1.62%  additional  head,  by  increasing  the  veloc- 
ity of  the  water  which  passes  through  the  wheel,  will  therefore  in- 
crease the  quantity  of  water  discharged  by  the  wheel  for  the  same 
gate  openings.  Therefore,  the  effect  of  1.62%  increase  in  head  due 
to  the  design  of  the  draft  tube,  will  increase  the  power  of  the  wheel, 
which  power  varies  as  the  product  of  the  net  working  head  on  the 
wheel  into  the  quantity  of  water  discharged  by  the  wheel  and  is 
therefore  doubly  beneficial.  The  aforementioned  elementary  exam- 
ple has  been  chosen  for  the  purpose  of  illustration,  and  is  meant  to 
show  that  the  difference  in  draft  tube  conditions,  as  existing  under 
a  test  in  the  Holyoke  testing  flume  and  as  existing  where  the  wheels 
are  permanently  installed,  may  materially  affect  the  power  and  effi- 
ciency of  the  water  wheels. 

TEST    WEIR. 

The  test  weir  over  which  all  the  discharge  water  from  the  wa- 
ter turbines  was  made  to  pass,  was  located  172  ft.  downstream  from 
the  discharge  end  of  the  water  turbine  draft  tubes.  This  test  weir 
was  built  across  the  tail  race  between  the  two  concrete  side  walls  of 
the  tail  race.  (Figs.  1  and  2.)  The  tail  race  across  which  the  test 
weir  was  built  is  of  rectangular  cross-section  with  vertical  concrete 
sides  and  concrete  bottom.  The  tail  race  is  designed  to  discharge  wa- 
ter from  three  main  units  and  one  exciter  unit.  Therefore,  during 
the  test  when  one  main  unit  only  was  in  operation,  the  discharge 
velocity  was  very  low,  and  by  placing  the  test  weir  172  ft.  down- 
stream from  the  discharge  end  of  the  draft  tubes,  it  had  the  effect 
of  giving  a  weir  discharge  from  the  relatively  quiet  pond.  The  test 
weir  was  designed  with  a  thin  edge  and  the  following  requirements 
have  been  found  desirable,  in  order  to  assure  the  accuracy  of  weir 
gagings : 

(a)  The  upstream  crest  edge  of  the  weir  should  be  sharp  and 
smooth. 

(b)  The  upstream  crest  edge  should  be  level  from  end  to  end. 

(c)  The  overflowing  sheet  of  water  should  touch  only  the  up- 
stream crest  edge. 

(d)  The  nappe  should  be  perfectly  aerated  in  such  a  manner 
that  a  vacuum  will  not  be  formed  under  the  sheet  of  water  and  dis- 
tort the  shape  of  the  discharge  crest. 

(e)  The  upstream  face  of  the  weir  should  be  vertical. 

(f)  The  measurements  of  the  head  of  the  water  over  the  weir 
should  show  the  true  elevation  of  water  surface  a  sufficient  distance 
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upstream  from  tlie  crest  edge  of  tlie  weir  to  be  unattected  by  the  sur- 
face curvature  caused  by  the  discharge  over  the  weir. 

WEIR   II LAD  WATER  GAGINGS. 

By  reference  to  Fig.  2,  it  will  be  seen  that  the  method  of  getting 
the  elevation  of  the  water  surface  above  the  level  of  the  weir  crest 
is  accomplished  by  using  equalizing  pipes  laid  in  the  floor  of  the  tail 
race,  the  entrance  to  which  pipes  is  3(J  ft.  upstream  from  the  crest  of 
the  test  weir  and  the  discharge  end  of  which  pipes  leads  into  a  barrel 
cistern.  These  pipes  act  as  equalizing  pipes  and  the  height  of  the 
water  in  the  barrel  cisterns  will  be  the  same  as  the  height  of  the  wa- 
ter in  the  tail  race  30  ft.  above  the  crest  of  the  weir,  which  satisfies 
condition  (f);  that  is,  this  elevation  is  taken  far  enough  upstream 
from  the  crest  of  the  weir  to  be  unaffected  by  the  surface  curvature 
caused  by  the  discharge  over  the  weir.  The  head  in  the  barrel  cis- 
terns is  measured  directly  by  graduated  hook  gages,  which  gages 
are  set  before  the  test  and  which  refer  back  to  the  bench  mark  datum 
plane,  to  which  all  readings  of  elevations  taken  during  the  test  are 
referred. 

With  reference  to  condition  (d),  which  states  that  "the  nappe 
should  be  perfectly  aerated,"  this  is  accomplished  by  placing  planks 
so  as  to  break  up  the  surface  of  the  discharge  water  after  it  has 
passed  over  the  weir,  at  such  intervals  as  will  admit  sufficient  air 
under  the  sheet  of  discharge  water,  to  prevent  a  vacuum  being 
formed  under  the  sheet  of  discharge  water  and  distorting  its  shape. 
In  order  to  insure  that  the  aeraters  do  this,  a  pipe  can  be  temporarily 
placed  in  a  vertical  position  so  that  the  lower  end  projects  through  to 
the  under  side  of  the  sheet  of  discharge  water  over  the  weir,  and  the 
top  end  of  the  pipe  to  be  above  the  sheet  of  discharge  water  over 
the  weir.  Now,  if  there  is  a  vacuum  created  underneatii  the  sheet 
of  discharge  water,  there  will  be  a  suction  of  air  downward  through 
this  pipe,  which  suction  will  distort  a  match  flame  held  over  the  top 
opening  of  the  pipe. 

The  other  conditions,  a,  f.  c  and  e,  and  the  precautions  to  be 
taken  to  secure  accuracy  of  w-eir  gagings,  have  been  fulfilled,  as  can 
be  seen  by  referring  to  the  general  construction  of  the  test  weir  as 
shown  in  I-'ig.  2.  In  order  to  get  the  average  level  of  the  water 
across  the  entire  tail  race,  there  are  four  equalizing  jiipes  placed  in 
position,  the  entrance  to  which  is  distributed  across  the  tail  race,  and 
there  were  four  barrel  cisterns  used,  only  two  of  which  are  shown 
in  Fig.  2  for  illustrative  purposes.  The  average  of  the  elevation  of 
the  water  in  the  four  barrel  cisterns  can  be  taken  as  the  true  aver- 
age elevation  of  the  water  upstream  from  the  crest  of  the  test  weir. 

WF.IR  DISCHARGE  CORRECTIONS. 

(</)      Corri'itioii  for  I'clocity  of  Approach. 

Under  the  hypothesis  of  this  discussion  of  test  weir,  tiie  water 
is  assumed  to  be  discharging  downstream.     Therefore,  tlie  head  as 
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measured  in  the  barrel  cisterns  will  be  measured  at  a  point  where 
there  is  some  velocity  due  to  the  discharge  water  from  water-wheel 
turbines  flowing  downstream  and  over  the  test  weir.  It  has  been 
found  by  various  experimenters  with  weir  formulae,  that  a  current 
velocity  of  1  ft.  per  second  would  introduce  an  error  that  would 
amount  to  about  2%  when  there  was  approximately  12  in.  of  water 
flowing  over  the  crest  of  the  test  weir ;  that  is,  the  discharge  would 
be  about  2%  greater  than  if  computed  by  the  generally  accepted 
Francis  formula 

Q=3.33  LH^'- 

Therefore,  it  is  necessary  to  make  a  correction  in  the  generally- 
accepted  Francis  formula.  The  discharge  curve  as  shown  in  Fig.  9, 
is  plotted  from  computations  for  the  discharge  over  the  Elkhart  test 
weir  and  is  corrected  for  velocity  of  approach. 

{h)     Correction  for  Weir  Leakage. 

The  correction  for  weir  leakage  is  made  as  follows : 
The  tail  race  above  the  test  weir  is  filled  with  water  until  there 
is  a  sheet  of  water  discharging  over  the  crest  of  the  test  weir.  Alt 
gates  and  valves,  including  drain  valves  and  turbine  penstock  head 
gates,  are  then  closed  and  made  water  tight  and  the  water  is  allowed 
to  discharge  over  the  crest  weir  until  the  level  of  the  tail  race  pond 
is  the  same  as  the  level  of  the  crest  of  the  test  weir,  at  which  time 
the  water  will  stop  flowing  over  the  crest  of  the  test  weir.  By  ob- 
serving the  drop  of  the  level  of  the  tail  race  pond  below  the  crest  of 
the  test  weir  over  a  given  period  of  time,  and  by  knowing  the  cubic 
feet  of  water  which  must  have  leaked  through  the  test  weir  in  order 
to  cause  this  drop,  over  said  period  of  time,  the  correction  for  leak- 
age through  the  weir  can  be  computed.  In  the  Elkhart  test  there 
were  two  main  units  to  be  tested ;  therefore,  when  running  one  unit 
under  test,  one-half  of  the  leakage  should  be  added  to  the  quantity  of 
water  which  is  being  discharged  over  test  weir  at  the  then  condition 
of  test. 

(c^     Correction  for  Turbine  Gate  Leakage. 

The  correction  for  turbine  gate  leakage  is  computed  as  follows : 

The  turbine  water  wheel  gates  are  placed  in  the  full  closed  po- 
sition ;  the  turbine  penstock  head  gates  are  then  opened  and  after  a 
suitable  length  of  time  the  amount  of  water  flowing  over  the  crest  of 
the  test  weir  will  be  a  measure  of  the  leakage  through  the  water  tur- 
bine gates.  This  water  is  assumed  to  pass  through  the  turbines  with- 
out doing  any  useful  work  and  if  the  test  is  made  as  at  Elkhart, 
with  both  turbine  penstock  head  gates  open,  afterward,  when  test- 
ing one  unit,  one-half  of  the  leakage  should  be  subtracted  from  the 
quantity  of  water  which  is  being  discharged  over  the  test  weir  at  the 
then  condition  of  test. 

The  correction  for  velocity  of  approach  has  been  taken  into  con- 
sideration in  plotting  the  curve  as  shown  in  Fig.  9. 
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WATER  WHEEL  EFFICIENCIES. 

After  ascertaining  from  the  readings  at  the  then  condition  of 
test  the  head  of  water  flowing  over  the  crest  of  the  test  weir,  and 
by  use  of  the  curve  shown  in  Fig.  9,  we  arrived  at  the  total  cubic 
feet  of  water  per  second  being  discharged  over  the  crest  of  the  test 
weir.  Then  adding  the  correction  for  leakage  through  the  test  weir, 
as  described  under  paragraph  (b),  and  subtracting  the  correction  for 
leakage  through  the  turbine  gates,  as  described  in  paragraph  (c),  the 
remainder  will  be  the  true  cubic  feet  of  water  per  second  which  was 
doing  useful  work  in  the  water  turbines  at  the  then  condition  of  test. 
This  quantity  of  cubic  feet  of  water  per  second,  multiplied  by  its 
weight  and  by  the  net  working  head  as  shown  on  the  wheels  (see 
subsequent  paragraph,  "Net  Head  of  Water  on  Water  Turbines") 
at  the  then  condition  of  test,  and  this  product  divided  by  550,  gives 
the  theoretical  horse  power  in  the  water.  (Fig.  10.)  The  theoret- 
ical horse  power  vv^hen  divided  into  the  mechanical  input  to  the  elec- 
trical generators  will  give,  as  a  resulting  quotient,  the  efficiency  of 
the  water  wheels  under  the  then  condition  of  test,  and  such  efficiency 
will  give  a  check  on  the  efficiencies  as  guaranteed  by  the  water  tur- 
bine manufacturers. 

HEAD  WATER  READINGS  ON  WATER  TURBINES. 

The  head  water  readings  on  the  water  turbines  were  taken  from 
the  elevation  of  water  standing  in  large  glass  tubes  in  the  power 
house,  as  shown  in  Fig.  2.  There  were  two  glass  tubes  for  each  tur- 
bine penstock.  In  the  side  wall  of  each  penstock  is  placed  a  ver- 
tical 4-in.  pipe  extending  below  the  water  level  with  J^-in.  pipes,  one 
above  the  other  at  different  elevations  extending"  to  and  ending  flush 
with  the  inside  face  of  the  penstock  walls.  By  this  arrangement  the 
^-in.  pipes  between  the  penstock  walls  and  the  vertical  4-in.  pipe 
were  at  approximately  right  angles  to  the  direction  of  flow  of  the 
water  and  were,  therefore,  not  influenced  by  the  water  currents  in 
the  penstock.  Equalizing  pipes  connected  the  4-in.  vertical  pipes  in 
the  penstock  walls  to  the  aforementioned  glass  tubes  in  the  power 
house.  Therefore,  the  water  in  the  4-in.  vertical  pipes  stood  at  the 
same  elevation  as  the  water  in  the  penstock,  and  the  water  in  the 
glass  tube  stood  at  the  same  elevation  as  the  water  in  the  vertical 
4-in.  pipe,  and  as  before  mentioned,  there  were  two  vertical  4-in. 
pipes,  one  in  each  side  wall  of  each  penstock ;  then  the  average  of 
the  readings  of  the  elevation  of  the  water  in  the  two  glass  tubes  at 
the  then  condition  of  test  was  taken  as  a  true  measure  of  the  eleva- 
tion of  the  head  water  under  which  the  water  turbines  were  operat- 
ing. 

TAIL  WATER  READINGS  ON  WATER  TURBINES. 

The  tail-water  readings  on  the  water  turbines  were  taken  from 
the  elevation  of  water  standing  in  vertical  4-in.  pipes  extending  be- 
low the  water  level  in  the  side  walls  of  the  discharge  end  of  the  wa- 
ter turbine  draft  tubes.    The  4-in.  pipes  were  so  placed  as  to  come 

January,  .1914 


42 


.  I  itdrus— Horizontal  Lowhead   Water  Turbines 


CU.  FT.  PER   SECOND 


ELKH/tRT  WmER  WHEEL  TEST 


I'ig.   10 


Vol.  XIX.  No.  1 


Andrus — Horizontal  I.owhe'ad   ]Vatcr  Turbines 


43 


a 

«■ 

O 

7 

1^ 

«s 

1 

y 

/- 

./ 

i^ 

"^ 

I 

o 

?i^ 

< 

^ 

**! 

^ 

s 

n 

^ 

yy 

^ 

i) 

&- 

/ 

y 

^ 

^ 

i^S« 

y 

f> 

^ 

^ 

4 

<Sj 

^ 

1/ 

i 

^. 

^ 

^ 

r 

> 

iS 

jr 

^ 

ff' 

d 

/ 

4 

^ 

r 

^ 

7 

5 

A, 

■V 

7 

t 

^ 

^ 

. 

E 

X 

A 

t 

A 

¥ 

i' 

1 

^ 

^ 

^ 

4^ 

> 

It 

J 

/ 

\ 

/^ 

^ 

/ 

«o 

\ 

-^ 

&- 

s 

/ 

^ 

^ 

^ 

■f 

-^ 

■^ 

T- 

M 

r 

\ 

k 

r 

7 

t* 

:i^ 

X' 

/ 

\\^ 

jil 

*^ 

^ 

r 

' — 1 

> 

X 

-o 

«N 

• 

i: 

>r 

n- . 

^ 

*^ 

>" 

^ 

J> 

> 

K) 

,t 

^^ 

^ 

■c 

/^ 

y 

n" 

IV- 

^ 

rri 

1 

N 

^ 

< 

e 

J 

-u 

0- 

■^ 

f 

1 

1^ 

40  50  eo  70  50  SO  /OO 

V^fiiTER  DISCH/IRGCD  ASA  %  OF  MINIMUM  WATER  ATrULL  CAPftCITY 

EFFICIENCY  CURVE 
ELKHART  WATER  WHEEL  TEST 

.       Fig.  11. 


January,  1914 


44 


Audrus — Horiznntal  Loivhcad    Water   Turbines 


■ 

.... 

\ 

•t 

\ 

1 

k 

^ 

V 

^ 

A 

c 

\ 

Ss 

O' 

o 

Y 

v\ 

^ 

0;^ 

■; 

^  \ 

r- 

c 

<z\ 

S^ 

?. 

1& 

0 

r\ 

<JL 

1 

<i 

^ 

y 

^J 

^ 

^ 

< 

^ 

K 

^ 

4 

( 

•vS 

> 

^ 

S 

4 

•X 

v^ 

:^ 

Uj 

' 

< 

\ 

>. 

1^ 

rr 

n 

\ 

^ 

s 

X 

' 

V 

\ 

L 

II 

O 

\ 

k 

\ 

Q 

s 

s. 

b1 

V 

> 

V 

^ 

a 

\ 

N 

^ 

tz 

\ 

\ 

^ 

^ 

V 

> 

V 

\ 

k 

1 

\ 

s 

t 

N 

Sw 

s 

> 

V 

s 

^ 

f\ 



_ 

_. 

1 

_ 

1,0    .9    .a     .7    .6     .5    A    .3    .2     ./     .0 

6/ITE  OPENING  IN   % 

6/lTE  OPENING 

ELKH/IRT  WATER  WHEEL  TEST 

Fig.    12. 


Vol.  XIX,  No.  1 


Andrus — Horizontal  Lozvhead   Water  Turbines  45 

flush  with  the  inside  face  of  the  wall  on  the  discharge  end  of  the 
water  turbine  draft  tubes.  Holes  were  drilled  one  above  the  other 
at  different  elevations  along  the  line  at  which  the  4-in.  pipe  was 
tangent  to  the  inside  face  of  the  wall  of  the  water  turbine  draft  tubes, 
and  this  made  the  holes  at  right  angles  to  the  direction  of  flow  of 
the  water  in  the  draft  tubes.  Therefore,  the  water  standing  in  the 
vertical  4-in.  pipes  was  not  influenced  by  the  water  currents  in  the 
draft  tubes.  These  4-in.  vertical  pipes  extend  through  and  up  into 
the  power  house  to  such  a  height  that  the  highest  elevation  of  tail 
water  maintained  during  test  would  not  overflow  the  pipes  and  flood 
the  power  house  floor.  The  tail-water  gages  were  placed  imme- 
diately over  these  4-in.  pipes  and  the  gages  proper  were  operated  by 
floats  in  the  4-in.  pipes ;  the  reading  of  the  tail-water  gage  at  the 
then  condition  of  test  was  taken  as  a  true  measure  of  the  elevation 
of  the  tail  water. 

NET  HEAD  OF  WATER  ON  WATER  TURBINES. 

The  difference  between  the  head-water  readings  and  the  tail- 
water  readings,  as  observed  under  the  conditions  described  in  the 
two  previous  paragraphs,  was  taken  as  a  true  measure  of  the  net  head 
of  water  under  which  the  water  turbines  were  operating  at  the  then 
condition  of  test. 

POWER  DEVELOPED   BY    HORSE   POWER. 

The  brake  horse  power  of  the  turbines  was  to  be  determined  from 
the  electrical  output  of  the  generators,  as  indicated  by  proper  elec- 
trical instruments,  by  dividing  such  electrical  output  by  the  respec- 
tive efficiency  of  the  electrical  generator  under  the  then  condition  of 
operation.  The  resulting  figure  would  be  a  true  measure  of  the  en- 
ergy output  of  the  water  wheels  at  the  generator  end  of  the  water 
wheel  shaft.  Such  reading  expressed  in  horse  power,  and  taken  in 
connection  with  readings  which  would  determine  the  speed  and  the 
net  head  of  water  on  water  turbines,  taken  in  accordance  with  the 
paragraph,  "Head  Water  Readings  on  Water  Turbines,"  would  give 
a  check  on  the  power  curves  as  guaranteed  by  the  water  turbine  man- 
ufacturer. 

PURPOSE  OF  TEST. 

The  purpose  of  the  test,  as  described  in  previous  paragraphs  of 
this  paper,  was  to  check  the  water  turbine  manufacturer's  tables  of 
efficiencies  and  brake  horse  power  developed  under  various  condi- 
tions of  operating"  net  head  of  water  on  water  turbine.  Such  guar- 
antees are  shown  plotted  graphically  in  Figs.  3  and  4;  the  water 
wheel  efficiencies  computed  as  described  in  paragraph,  "Weir  Dis- 
charge Corrections,"  and  the  brake  horse  power  developed  by  the 
water  turbines  computed  as  described  in  paragraph,  "Tail  Water 
Readings  on  Water  Turbines,"  furnishes  the  desired  check  on  the 
efficiencies  and  power  developed  by  the  water  turbines  and  can  be 
used  to  verify  those  guaranteed  by  the  water  turbine  manufacturer. 
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MKTIIOD   OF    CONDUCTING    THE    TEST. 

riic  electrical  method  of  determining  the  power  output  and  effi- 
ciencies of  the  water  turbine,  as  described  in  the  previous  para- 
graphs, was  used.  The  brake  horse  power  of  the  turbines  was  de- 
termined from  the  output  of  the  generators,  divided  by  the  respective 
efficiency  of  the  generator  under  the  then  condition  of  test.  The  the- 
oretical horse  power  of  the  turbines  was  determined  by  knowing  the 
operating  head  and  the  amount  of  water  which  passed  through  the 
buckets  of  the  turbines  as  determined  by  the  use  of  the  testing  weir. 
The  ratio  of  the  brake  horse  power  to  the  theoretical  horse  power 
was  taken  as  a  measure  of  the  resulting  efficiency.  A  water  rheostat 
was  used  as  a  means  of  furnishing  the  desired  load  for  the  electrical 
generator. 

A  test  on  a  unit  consisted  of  several  runs,  each  covering  a  period 
of  at  least  15  minutes  in  order  to  insure  stable  conditions,  and  dur- 
ing such  run  readings  were  taken  at  intervals  of  one  minute.  A  dif- 
ferent condition  of  load  was  established  for  each  run  and  as  a  re- 
sult of  such  change  in  load,  each  different  run  constituted  a  test  on 
the  water  turbines  at  a  different  load  and  using  a  different  quantity 
of  water. 

HETERMINATION  OF  MAXIMUM  DISCHARGE  AT  MAXIMUM   EFFICIENCY. 

The  first  condition  to  establish  is  that  of  the  maximum  discharge 
from  the  turbines  at  maximum  efficiency.  This  point  can  be  deter- 
mined by  starting  in  with  a  full-gate  opening  on  the  water  turbine 
and  adjusting  the  electrical  load  to  bring  the  water  turbine  to  the 
speed  under  which  the  guarantees  are  to  be  verified.  By  gradually 
closing  the  water  turbine  gates  and  carefully  observing  the  electrical 
instruments  used  to  measure  the  generator  output,  the  point  can  be 
determined  at  which  the  electrical  output  commences  to  decrease  as 
the  water  turbine  gates  are  closed.  The  gate  opening  at  the  then 
condition  of  operation  immediately  preceding  the  decrease  in  elec- 
trical load,  is  the  gate  opening  at  which  the  maximum  efficiency  at 
maximum  discharge  is  realized.  The  flow  is  then  determined  by 
means  of  the  test  weir  for  this  condition  of  maximum  discharge  for 
maxinunn  efficiency,  and  during  the  remainder  of  the  test  at  partial 
loads  the  discharge  as  measured  is  computed  in  percent  of  this  maxi- 
mum discharge  for  maximum  efficiency.  This  is  referred  to  in  Fig. 
4  as  "%  of  full  water  capacity  at  best  full  gate  efficiency."  To 
summarize,  we  can  say  that  if,  after  placing  the  water  turbine  gates 
at  0.0  open,  the  generator  will  pull  just  as  nuich  load  as  when  the 
water  turbine  gates  arc  full  open,  the  0.9  gate  opening  represents  a 
point  of  maximum  discharge  at  maximum  efficiency.  In  other 
words,  the  additional  discharge  of  water  secured  by  opening  the 
gates  hom  0.0  open  to  full  open  did  not  do  any  additional  work,  and 
con.sequently  the  efficiency  commences  to  fall  off  above  0.9  gate 
opening.  The  realization  of  this  point  of  maximum  discharge  at 
maximum  efficiency  lies  in  the  design  of  the  water  turbine. 
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OBSERVERS. 

About  25  observers  were  used  in  taking  readings  at  the  differ- 
ent stations  where  gages  were  located.  Each  observer  was  fur- 
nished with  a  field  book  with  loose  leaves  inserted,  numbered  consec- 
utively and  rolled  up  in  a  manner  to  give  a  consistent  form  of  record. 
Instructions  such  as  the  following  were  issued  to  each  observer : 

(a)  Do  not  exchange  books. 

(b)  Do  not  destroy  any  sheet  or  any  part  of  any  record. 

(c)  Make  no  erasures.     Pencil  out  and  re-write. 

(d)  Sign  all  records. 

(e)  Check,  before  and  after  test,  your  watch  against  the  watch 
used  as  a  standard,  and  record  the  indicated  time  of  both  watches 
on  your  test  sheet  at  the  time  of  the  checking. 

(f)  Note  any  contingencies  which  may  arise  during  test,  such 
as  disturbances  in  water  or  on  instruments,  etc. 

SYSTEM  OF  TAKING  READINGS. 

In  order  to  insure  simultaneous  readings  at  the  then  condition 
of  test,  a  bell  circuit  was  run  to  the  different  test  stations  and  elec- 
tric bells  installed  within  plain  hearing  of  the  observers,  which  bells 
were  operated  from  a  master  push  button  in  charge  of  a  time  ob- 
server assigned  to  this  station. 

The  bell  signals  used  were  as  follows : 

(a)  One  long  ring — observers  leave  for  their  places;  see  that 
everything  is  in  working  order.  Read  and  record  instruments  and 
watches. 

(b)  Six  short  strikes — final  warning  that  the  run  is  to  begin  at 
once. 

(c)  Two  strokes — make  ready  to  read  instruments. 

(d)  One  stroke — Read  instruments  and  record  reading  and  the 
time  to  the  nearest  minute. 

(e)  After  50  seconds,  two  strokes  again,  same  as  before. 

(f)  After  10  seconds,  one  stroke,  same  as  before. 

(g)  Thereafter  every  60  seconds  two  strokes  are  sounded  as 
warnings  to  be  ready  to  read  when  one  stroke  is  sounded. 

(h)  Draw  a  line  under  your  last  reading  when  one  "jig"  is 
sounded.     "Jig" 

(i)  Draw  two  lines  under  your  last  readings,  when  two  jigs 
are  sounded. 

(j)  At  your  earliest  convenience  average  the  readings  between 
one  jig  and  the  following  two  jigs  and  record  total  and  average  in 
small  figures  at  the  side  of  these  observations. 

(k)  Two  long  bells.  The  run  is  over,  but  do  not  leave  your 
station. 

(1)   Three  long  bells — leave  your  station  and  come  in. 

(m)  Four  long  bells — ^bring  in  your  instruments,  tapes,  lan- 
terns, stoves,  etc.,  as  entire  test  is  finished. 
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RUNNING  CHECK. 

For  the  information  of  the  engineer  in  charge  of  tests  and  such 
other  representatives  of  interested  parties  as  were  permitted  to  keep 
a  running  check  as  the  tests  progressed,  the  following  method  was 
used: 

Each  uninterrupted  run  extended  over  the  period  of  approxi- 
mately 15  minutes,  with  readings  taken  at  one-minute  intervals.  Un- 
der conditions  of  test  as  existed  at  Elkhart,  the  5-minute  interval  was 
sufficient  to  insure  a  stable  condition  at  all  observation  stations.  The 
remaining  ten  readings,  taken  at  one-mimite  intervals,  could  there- 
fore be  used  in  making  a  running  check  of  the  test. 

During  each  uninterrupted  run  a  messenger  was  sent  from  the 
desk  of  the  engineer  in  charge  of  tests  to  each  observation  station, 
and  the  men  were  advised  of  the  number  assigned  to  that  particu- 
lar run ;  this  number  was  then  entered  on  their  records  in  order  to 
identify  the  readings  taken  during  such  run. 

When  a  running  check  was  desired,  and  as  soon  as  stable  condi- 
tions of  test  were  established,  one  jig  on  the  signal  bells,  as  out- 
lined above,  was  sounded,  and  after  the  desired  number  of  readings 
taken  at  one-minute  intervals  had  been  made,  two  jigs  on  the  signal 
bells,  as  outlined,  were  sounded,  and  at  the  earliest  opportunity  after- 
ward the  observers  averaged  the  readings  between  the  one  jig  and 
the  following  two  jigs  and  recorded  this  average  in  small  figures  at 
the  side  of  the  observed  readings  included  in  the  computed  average. 

Immediately  thereafter  the  messenger  or  messengers  would 
bring  in  such  averages  from  the  observation  station  to  the  engineer 
in  charge  of  test.  He  would  then  take  such  readings,  and,  by  use 
of  such  graphical  charts  as  are  shown  in  connection  with  this  paper, 
get  the  equivalents  in  the  desired  units  and  enter  them,  as  is  shown 
under  the  head  of  "Summary  of  Running  Test,"  Fig.  2. 

By  following  the  procedure  as  outlined,  the  engineer  in  charge 
and  other  interested  parties  were  enabled  to  know,  within  a  very 
close  percentage  of  accuracy,  just  what  was  being  realized,  in  the 
matter  of  power  and  efficiency,  from  the  water  turbines  under  test, 
and  such  a  check  would  be  available  within  5  or  10  minutes  after 
the  run  was  completed. 

DiscrssioN. 

IK  W.  Roper,  M.  w.  s.  e.  (Chairman)  :  It  has  been  stated  Jhat 
the  (icvclopment  of  electrical  engineering  has  contributed  to  the  ad- 
vancement (»f  other  branches  of  engineering  bv  oflfering  to  all  engin- 
eers methods  of  measurement  more  retined  tlian  the  ones  to  which 
they  had  i)een  accustomed.  This  is  {^particularly  the  case  in  connec- 
tion with  i)rinic  movers  of  various  kinds,  where  it  is  very  easy  to 
measure  the  output  in  an  accurate  manner  if  the  output  is  elec- 
trical, but  more  difficult,  in  fact,  impossible,  to  measure  with  the 
same  accuracy  if  the  output  i>^  in  the  form  of  mechanical  energy. 
Electrical  engineers,   however,  not  being  satisfied   with   furnishing 
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tlie  facilities  to  onr  fellow  engineers  to  develop  their  science,  have 
gone  a  little  further,  and  this  evening-  we  have  listened  to  a  paper 
on  "Testing  of  Horizontal  Lowhead  Water  Turbines."  The  paper 
is  now  open  for  discussion. 

Mr.  Andrus:  The  paper  sets  forth  the  method  of  test  and  is 
intended  to  show  how  it  is  possible  to  test  water  wheels  in  a  fairly 
accurate  manner.  I  also  take  up  in  the  paper  a  discussion  of  why 
the  Holyoke  water  power  test  would  not  necessarily  prove  what 
water  wheels  would  do  when  installed  in  one  of  our  industrial  plants. 

I  think  you  will  all  agree  with  me  in  the  statement  that  when 
a   water  power  plant   furnishing  electric   light   and   power   is   not 
commercially  a  success  it  is  considered  an  example  of  poor  engin- 
eering, no  matter  how  well  it  operates.    So  the  idea  of  testing  these 
water  wheels  is  really  to  get  at  the  commercial  side  of  water  power 
plants  as  compared  with  steam  plants.    In  commercial  work  it  would 
be  regarded  as  poor  policy  to  develop  a  water  power  plant  if  one 
could  build  a  steam  plant  and  turn  out  electrical  energy  for  less 
money.     Where  there  are  heads  of  15  ft.  to  20  ft.,  the  American 
type  of  turbine  described  in  the  paper  is  supposed  to  be  the  most 
suitable.     Plants  on  those  low  heads  will  cost  about  $250.00  per  kw. 
by  the  time  the  development  is  completed.     One  has  to  provide  his 
overliow  land,  and  in  localities  where  this  is  good   farming  land 
the  price  runs  pretty  high.     The  case  is  about  the  same  as  with  a 
railroad  company,  namely,  it  will  probably  cost  the  company  to  buy 
up  laiid  for  overflow  about  twice  what  it  would  cost  an  individual 
to  buy  land  for  a  farm.     For  orchard  land,  one  pays  so  much  per 
tree ;  he  cannot  buy  that  land  by  the  acre.     We  must  allow  at  least 
6%   on  our  money,  3%    for  depreciation  and  some  contingencies, 
and  1%  for  taxes,  or  10%  total.     That  would  be  $25.00  per  year 
fixed  charges  on  a  water  power  plant,  with  an  attendance  of  about 
$4.00  per  kw.  per  year,  or  about  $29.00  in  all.    It  is  not  an  exception 
to  find  a  good,  modern  steam  plant  turning  out  current  at  ^4c  per 
kw.  hour;  3000  watts  per  year  would  amount  to  $15.00  per  year 
manufacturing  cost.     Such   a   plant   costs  about  $100.00  per   kw.. 
with  about  6%  interest,  say  6%   depreciation,  and  3%'  for  taxes, 
contingencies,  and  so  forth,  or  15%  total:  and  at  $100.00  per  kw. 
there  would  be  $15.00  interest  charges.     That  is,  $15.00  manufac- 
turing costs  and  $15.00  fixed  charges  will  amount  to  $30.00  per  kw. 
per  year  for  the  steam  plant  against  $29.00  for  the  water  power 
plant.     So  there  is  no  appreciable  advantages,  under  those  condi- 
tions, from  a  monetary  standpoint.     I  will  cite  an  exception,  how- 
ever, to  the  above  statements,  based  on  some  experience  we  have 
had :     Suppose  you  build  a  steam  plant ;  if  somebody  else  comes 
along  and  builds  a  water  power  plant,  you  will  have  to  buy  him  out 
in  the  end.     So,  as  a  matter  of  business  policy  in  such  a  case,  it 
might  be  better  to  develop  the  water  power  first  and  build  the  steam 
jflant  as  needed. 
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There  are  a  few  things  that  cannot  be  figured  in  dollars  and 
cents. 

U'm.  B.  Jackson,  .\i.  \v.  s.  i:. :     What  governor  did  you  use? 

Mr.  Andrus:  We  used  the  governor  manufactured  by  the 
Lombard  Company.  It  is  not  as  yet  a  standard  governor,  but  was 
made  for  these  conditions.  The  governor  head  operating  the  gov- 
ernor ball  and  admitting  the  oil  to  this  piston  is  the  standard,  but 
the  piston  and  so  forth  working  on  this  shaft  moving  back  and 
forth  have  not  been  standardized. 

To  show  what  this  means  in  a  C(jmmercial  way  I  have  taken 
both  a  water  ix)wer  plant  and  a  steam  plant  anfl  plotted  the  cents 
per  kilowatt  with  different  percentages  of  load  and  different  hours. 
For  three  hours  the  steam  power  is  cheaper  than  water.  For  six 
hours,  and  nine  hours — nine  hours  at  125%  load — the  water  power 
is  cheajier ;  also  for  twelve  hours,  100%  load,  fifteen  hours,  etc.  So 
one  must  have  that  long-hour  service,  fifteen  and  eighteen  hours, 
before  the  water  power  comes  into  play  at  all,  and  that  is  due  largely 
to  the  inefficiency  of  the  wheel. 

Mr.  Jackson:  How  do  you  get  125%  load  on  the  water  power 
plant? 

Mr.  Andrus:  On  this  Elkhart  development  we  cannot  get  125% 
load,  but  on  one  of  the  other  plants,  where  wc  get  the  full  load  at 
three-quarter  gate  opening,  we  can  pull  a  125%  load.  But  the 
125%  load  is  very  inefficient.  On  the  Elkhart  plant  we  get  the  effi- 
cient point  at  about  85%  to  909(  gate  opening,  by  getting  a  certain 
load  on  the  generators  and  gradually  closing  the  gate  until  the 
generators  commence  to  drop  their  load.  So  that  with 
the  minimum  amount  of  water  we  get  90%,  and  all  that  we  open 
the  gate  after  that  will  not  pull  any  more  load  and  yet  lets  the 
additional  water  through.  That  is  a  very  good  feature  for  govern- 
ing. Ninety  per  cent,  will  pull  the  full  load,  but  the  governor 
opens  very  suddenly.  It  has  one-tenth  oil  pressure  to  cushion  the 
governor  on  it.  It  goes  clear  to  the  end  of  the  stroke  to  get  the 
cushioning  effect  on  the  one-tenth. 

This,  so  far  as  I  have  been  able  to  find  out.  represents  the  best 
efficiency  of  any  water  power  plant  under  the  18  and  20  ft.  heads, 
although  I  think  there  has  never  been  as  complete  a  test  as  we  have 
made.  In  talking  with  representatives  of  the  companies  manufac- 
turing water  turbines,  I  have  not  been  able  to  find  where  they  have 
gone  into  f|uite  S(^  much  iletail.  We  have  tested  two  plants  since 
testing  this  one.  using  water  meters  instead  of  a  weir  and  taking 
the  average  of  the  water  going  into  the  wheel.  In  one  i)lant  we 
made  a  rigging  that  went  right  down  where  the  head  gates  went 
with  three  meters,  putting  them  inside  of  a  guide  that  ordinarily 
carried  the  gates.  So  wc  obtained  three  readings  in  -width  and 
seven  in  elevation,  one  side,  twenty-one  readings.  Then  we  put 
these  meters  in  the  same  waiter  that  was  measured  going  over  the 
weir,  and  checked  the  acctuacy  of  the  meters  against  the  accuracy 
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of  the  weir  and  against  the  German  meter.  The  meter  gave  a  read- 
ing within  ^  of  1%  of  what  the  weir  measurements  gave.  We 
are  testing  two  plants  now  with  the  water  meters.  It  is  absolutely 
necessary  that  the  wheels  be  very  efficient  if  one  expects  to  compete 
with  steam  power,  and  it  is  necessary  to  retain  that  efficiency. 

On  steam  prime  movers,  assuming  that  the  economy  of  first- 
class  triple  expansion  engines  and  turbines  is  about  the  same.  1  lb. 
of  steam  at  165  lb.  pressure  gives  2.72  cu.  ft.  One  cubic  foot  at 
28  in.  vacuum  has  a  volume  of  249.7  cu.  ft.  That  gives  an  ex- 
pansion ratio  of  100. 

To  have  steam  at  225  lb.  pressure  and  200  deg.  superheat,  we 
put  it  through  a  high  pressure  cylinder,  then  superheat  it  again, 
and  put  it  through  a  low  pressure  cylinder. 

Taking  2  lb.  of  coal  as  necessary  to  generate  1  kw.  hour,  burned 
with  200%  of  the  theoretically  correct  air  supply,  we  would  have 
available  in  the  flue  gas  5880  B.  t.  u.'s  of  heat,  with  a  flue  gas  tem- 
perature of  550  deg.  Fahr.  and  with  a  temperature  of  the  outside 
air  of  100  deg.  Fahr.  Considering-  that  under  our  assumed  con- 
ditions we  will  not  use  very  large  units,  we  will  take  15  lb.  of  steam 
for  the  prime  mover  as  necessary  to  generate  1  kw.  hour,  and  ex- 
pand the  steam  down  to  the  air  pressure,  14.7  lb. ;  then  we  super- 
heat the  exhaust  from  the  engine  100  deg.  to  the  stack  temperature 
and  at  this  pressure  we  require  practically  750  B.  t.  u.'s  to  re-evap- 
orate 10%  of  condensation.  This  would  require  1530  B.  t.  u.'s. 
Assuming  that  this  would  be  done  by  passing  the  steam  through 
pipes,  around  which  the  flue  gases  were  passing,  the  flue  tempera- 
ture would  then  be  lowered  from  550  to  376  deg.,  leaving  a  dif- 
ference in  temperature  between  flue  gases  and  outside  air  of  276  deg. 

To  condense  the  above  statements :  We  raise  the  steam  in 
the  boiler  to  225  lb.  gauge  pressure  and  give  it  200  deg.  of  super- 
heat before  entering  the  engine.  The  steam  is  then  expanded  in 
the  engine  down  to  atmospheric  pressure  and  passed  through  what 
might  be  termed  a  superheater  placed  in  the  path  of  the  flue  gases. 
In  this  superheater  there  is  a  re-evaporation  of  10%  and  100  deg. 
of  superheat  is  added,  this  taking  place  at  14.7  lb.  absolute  pressure 
or  starting  at  212  deg.  Fahr.  Taking  the  total  heat  of  1  lb.  of 
saturated  steam  at  225  lb.  gauge  pressure,  and  the  heat  in  the  water 
at  28  in.  of  vacuum  or  1  lb.  absolute  pressure,  and  taking  into  con- 
sideration the  B.  t.  u.'s  for  superheating  once  to  200  deg.,  ^nd 
superheating  a  second  time  to  100  deg.,  and  re-evaporation  of  10%, 
we  get,  by  combining  these,  an  efficiency  of  31%.  If  we  take  the 
combined  efficiency  of  engine  and  turbine  at  75%,  we  get  an  actual 
efficiency,  in  terms  of  the  theoretical  work  in  the  steam,  of  31% 
of  75%o,  which  equals  23.2%,  a  figure  which  is  just  about  double 
that  which  we  are  getting  now  as  the  thermal  possibility  in  the 
steam  plant. 

Referring  to  Fig.  2,  the  little  tubes  in  the  forebay  where  the 
water  is  highest,  can  be  seen  connected  through  into  the  power- 
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house.  Those  pipes  are  attached  to  glass  tubes  and  so  the  water 
in  the  power  house  stands  at  the  same  height  in  the  glass  tubes 
as  it  does  in  the  forebay  outside. 

Tliere  are  some  vacuum  gauges  tapped  into  the  draft  fixtures, 
so  that  in  case  we  should  not  be  realizing  proper  efficiency,  the 
height  of  the  mercury  would  show  whether  or  not  we  had  a  solid 
column  of  water  in  the  draft  tube;  but  in  this  case  our  efficiencies 
were  all  right  and  we  made  no  use  of  the  mercury  gauges. 

Referring  to  the  cross-section  of  the  Holyoke  test  flume,  the 
maker's  guarantees  are  based  on  the  efficiencies  that  we  get  from 
the  Holyoke  testing  flume.  That  was  probably  where  the  first  water 
wheel  testing  for  efiiciency  standard  was  made,  for  the  reason  that 
at  Holyoke  they  sell  so  much  water  io  an  individual,  and  he  is  wel- 
come to  all  the  power  he  can  get  out  of  it.  Consequently  every- 
body wants  the  most  efficient  wheel  to  get  the  most  power  for  his 
money.  Then  the  Holyoke  people  keep  track  of  the  amount  of 
water  that  a  man  uses,  by  calibrating  his  wheel.  They  will  put  it 
in,  and  by  running  the  water  through  at  a  certain  speed,  they  know, 
with  a  certain  gate  opening  and  a  certain  speed,  just  how  much 
water  he  is  taking  and  their  inspector  goes  around  each  day  and 
gets  the  result,  and  sees  that  the  gate  is  open  just  enough  to  get 
the  amount  of  water  for  which  the  man  is  paying.  In  other  words, 
the  wheel  is  used  as  a  water  meter  instead  of  a  water  wheel.  At 
the  same  time,  when  they  find  out  how  much  power  a  man  has  and 
how  much  water  is  going  through  the  wheel,  they  have  the  figures 
for  the  efficiency,  and  the  man  who  could  get  the  most  power  out 
of  a  certain  amount  of  water  was  the  man  who  sold  the  most  wheels. 
As  a  result,  the  different  manufacturers  would  change  the  wheels 
to  satisfy  their  customers  and  send  them  down  to  Holyoke  to  be 
tested. 

In  the  i>aper  I  have  called  attention  to  why  this  Holyoke  test 
would  not  necessarily  prove  just  what  a  wheel  would  do  when  it 
was  in  jiositiou.  It  can  he  seen  that  the  draft  tube  on  the  wheel 
at  Holyoke  is  very  short.  In  the  case  of  the  Klkhart  plant  we  have 
a  velocity  head  where  the  draft  tube  leaves  the  wheels,  and  then 
as  it  curves  down  and  is  expanded,  the  velocity  becomes  much 
slower  and  the  difference  in  that  velocity  head  becomes  effective 
on  the  wheel  and  that  depends  on  the  length. 

A  test  of  a  wheel  was  made  at  Holyoke,  where,  by  shifting  it 
up,  4  ft.  was  added  to  the  draft  tube  length,  thereby  securing  ^% 
increase  in  efficiency  for  each  additional  foot  of  draft  tube.  So 
we  c:ui  see  that  if  one  h[\<.  right  draft  tube  conditions,  it  is  jiossible 
to  get  a  higher  efficiency  ou  the  wheels  than  can  be  obtained  at 
Holyoke,  (\uq  to  the  draft  tube  conditions. 

.\nother  point  is  that  when  a  wheel  is  discharging  water  ver- 
tically in  the  manner  the  water  is  thrown  in  the  vertical  test,  one 
has  no  casing.  Consequently  wheels  may  test  satisfactorily  at 
Holyoke,  with  a  badly  designed  casing,  and  work  in  a  horizontal 

Vol.  XIX.  No.  1 


Discussion — Horizontal  Lozvhead  Water  Turbines  53 

position  so  that  the  water  from  the  top  half  of  the  wheel  falls  out 
and  mingles  with  the  water  from  the  bottom  half,  but  the  wheel 
may  develop  10%  less  power.  Tn  the  Elkhart  test  we  obtained  6% 
more  power  than  the  maker  guaranteed,  due  to  a  gain  in  velocity 
head  from  the  draft  pipe,  a  thing  which  would  not  have  obtained 
on  the  Holyoke  test.  I  think  at  Holyoke  they  made  an  allowance ; 
they  reduced  the  Holyoke  result  for,  this  point  and  at  the  high  point 
on  one  unit  we  got  back  more  than  the  maker  expected.  They  se- 
cured 84%  at  Holyoke  and  guaranteed  80%. ;  we  secured,  according 
to  the  chart,  83%,  our  gain  being  due  purely  to  draft  tube  conditions 
and  the  design  of  the  casing.  It  looks  now,  at  other  plants,  as  if 
it  will  pay  to  take  off  the  top  half  of  the  cases  and  re-design  them. 

R.  L.  Sackett,  Prof.  Hydraulic  Engineering,  Purdue  University, 
Lafayette,  Ind.:  Careful  preparations  were  made  in  the  original 
designs  for  this  test"  in  order  to  obtain  the  efficiency  of  the  plant, 
and  of  the  turbines. 

The  piezometer  tubes  in  the  headrace  were  well  placed  to  give 
the  elevation  of  the  headwater.  The  water  in  each  wheel  pit  was 
stilled  to*  prevent  vortices  whicii  also  had  the  effect  of  making  the 
gage  readings  more  accurate. 

The  level  of  the  tailwater  was  read  from  floats  placed  in  tubes 
in  the  tailrace  just  below  the  mouth  of  the  draft  tube,  judging  from 
Fig.  2  of  the  paper.  Whatever  slight  loss  of  head  occurs  at  that 
point  due  to  the  change  in  cross  section  is  uncertain,  as  the  details 
of  design  are  not  shown,  but  such  loss  produces  a  decrease  in  the 
plant  efficiency. 

The  most  interesting  feature  was  the  construction  of  a  tempo- 
rary weir  at  the  lower  end  of  the  tailrace  by  which  to  measure 
the  discharge.  The  length  and  height  of  crest  above  floor  are  not 
given,  but  the  length,  about  80  ft.,  was  several  times  that  of  any 
weir  ever  tested  by  accurate  methods.  It  would  have  been  inter- 
esting to  know  what  coefficients  were  used,  as  the  head  on  the  weir 
was  near  that  at  which  the  coefficient  is  lowest  as  shown  by  the 
Bazin  and  Cornell  experiments — about  0.411  in  Q=m  \/2g  LH^^- 
or  Q=3.296  LW\ 

The  height  of  weir  crest  being  also  not  stated,  the  method  of 
correcting  for  the  velocity  of  approach  is  unknown,  but  would  be 
interesting. 

On  the  whole,  tlie  apparatus  for  making  the  test  was  carefully 
set  and  the  readings  were  scientifically  taken.  Credit  is  due  the 
engineers  and  also  the  observers,  a  party  of  whom  were  seniors 
from  Purdue  University,  for  the  results  of  this  very  interesting 
power  plant  test. 
January,  1914 
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Mr.  Andrus:  With  reference  to  the  correction  used  on  the 
weir,  I  will  say  that  the  United  States  Government  has  issued  a 
publication  on  weirs  and  weir  coefficients,  and  I  used  their  standard 
method. 

J.  C.  Finney,  Jr.,  Assoc,  w.  s.  i:. :  Realizing,  as  probably  most 
engineers  do,  that  there  are  certain  limitations  to  tests  on  water 
wheels,  as  conducted  at  the  Holyoke  testing  flume,  such  papers  as 
this,  dealing  as  it  does  with  the  tests  of  a  water  turbine  under  the 
actual  conditions  of  running,  are  valuable  contributions  to  the  en- 
gineering profession. 

The  paper  treats,  with  considerable  detail,  the  preliminary  steps 
by  means  of  which  the  generator  efficiency  was  determined,  in 
order  that  the  actual  horse-power  delivered  to  the  generator  shaft 
by  the  turbines  might  be  accurately  determined.  From  the  precau- 
tions taken  in  determining  this  efficiency,  it  is  evident  that  the  data 
are  reliable  and  that  the  true  conditions  were  obtained  as  closely 
as  possible.  It  is  also  evident,  from  the  latter  part  of  the  report 
dealing  with  the  method  of  making  this  particular  test,  that  every 
precaution  \\as  taken  and  all  errors  eliminated  as  far  as  possible 
in  taking  the  readings.  The  paper  stops,  in  my  opinion,  just  at  the 
point  where  engineers  dealing  with  water  turbines  would, be  desir- 
ous of  taking  it  up,  and  I  consider  that  the  value  of  this  paper 
can  be  very  materially  augmented  if  Mr.  Andrus  will  add  thereto 
some  of  the  test  data  with  their  results.  I  sincerely  hope  that 
when  the  paper  is  published  in  the  Journal,  data  of  at  least  some 
of  these  runs  will  be  included.  When  we  consider  the  carefulness 
with  which  tlie  j)reliminary  steps  were  taken,  and  the  carefulness 
with  which  the  test  was  evidently  made,  as  is  shown  by  the  authc^r's 
outline  and  system  of  taking  readings,  I  think  it  is  evident  that 
the  actual  data  obtained  in  this  test  will  be  reliable  and  therefore 
very  valuable. 

Mr.  Andrus:  1  will  say,  with  reference  to  Mr.  Finney's  dis- 
cussion, that  up  to  the  time  the  paper  was  published  we  did  not 
have  the  computations  finished,  and  we  did  not  know  whether  or 
not  the  water  wheel  people  would  consent  to  our  using  the  results. 
We  wrote  them  to  ascertain  whether  the  results  were  such  that 
they  would  be  willing  that  we  should  give  them  out.  The  reply 
received  was  that  they  were  not  at  all  ashamed  of  the  results  of 
the  test  and  gave  ])ermission  to  include  the  data  in  this  discussion. 
The  turbines  were  built  by  Lefi'el  &  Company,  of  Springfield.  Ohio, 
and  it  can  be  seen  that  they  have  exceeded  their  guaranty  for  both 
units. 

Mr.  Jackson:  1  have  been  nuich  interested  this  evening  both 
in  the  i>aiK'r  and  in  the  remarks  of  the  author. 

In  a  recent  conference,  to  which  T  was  a  party,  a  discussion 
arose  reg;irding  the  many  water  powers  which  have  been  developed 
and  which  have  been  commercially  unsuccessful.  The  fact  was 
l)rought  out  that  in  the  determination  of  reasonable  electric  lighting 
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and  power  rates  for  some  cities  under  Commission  control,  which 
receive  their  electric  supply  from  water  powers,  it  has  been  neces- 
sary on  the  part  of  the  Commissions  to  base  the  rates  of  charge 
for  service  upon  the  results  that  can  be  obtained  from  hypothetical 
steam-driven  electric  plants  planned  to  supplv  the  electric  service 
for  the  cities  under  reasonable  steam-generating  conditions,  owing 
to  the  exorbitant  costs  of  service  which  arise  from  the  considera- 
tion of  the  water-generating  plants.  This  is  a  concrete  illustration 
of  the  uncertainty  of  the  value  of  water  powers,  whether  developed 
or  otherwise,  and  emphasizes  the  fact  that  the  value  of  a  water 
jaower  can  be  determined  only  by  a  full  knowledge  of  the  conditions 
in  each  particular  case.  There  is  a  surprising  amount  of  water- 
power  agitation  throughout  this  country  and  there  is  unquestionably 
a  wrong  impression  prevalent  regarding  the  value  of  water  pow- 
ers of  our  country.  Notwithstanding  this  comment,  I  consider  that 
there  is  nothing  finer  tlian  some  of  our  splendid  water  powers,  but 
it  should  be  appreciated,  especially  in  connection  with  lowhead 
powers  and  in  connection  with  any  water  powers  where  the  market 
is  not  already  developed  or  is  not  in  the  immediate  vicinity,  that 
usually  such  powers  can  be  developed  only  after  the  most  careful 
^tudy,  if  at  all,  if  they  are  to  be  commercially  successful.  Thought- 
ful engineers  of  today  ought  to  assist  so  far  as  they  can  the  devel- 
opment of  water  powers  where  it  is  commercially  practicable  to 
develop  them,  since  every  such  development  adds  just  so  much  to 
the  actual  assets  of  the  country,  but  they  should  bear  in  mind  that 
many  of  the  water  powers  now  developed  have  been  developed  on 
account  of  ignorance  or  dishonesty  and  are  not  commercially  suc- 
cessful. Anything  which  stops  or  checks  tlie  progress  of  the  de- 
velopment of  commercially  valuable  water  powers  is  a  positive  det- 
riment to  the  country,  with  the  understanding,  however,  that  there 
are  doubtless,  in  many  cases,  certain  governmental  rights  in  the 
water  powers. 

There  is  another  feature  of  water  powers  which  is  worth  con- 
sidering for  a  moment  at  this  time :  There  are  many  water  powers 
which,  considered  by  themselves,  are  entirely  worthless  so  far  as 
commercial  development  is  concerned,  but  which  may  be  highly 
valuable  as  a  unit  in  a  property  having  a  developed  market  for  elec- 
tric lighting  and  power,  and  using  steam-generating  equipment  in 
cooperation  with  its  water-power  development  or  developments. 
Thus  water  power  developments  may  be  used  in  very  effective  com- 
bination with  steam  generation  in  such  a  way  as  to  largely  over- 
come the  serious  handicap  of  the  low-water  periods  and  flood- 
season  periods  of  the  stream  flows.  This  was  discussed  in  a  paper 
I  presented  before  the  Society  on  ixlarch  4.  1903.  Under  such  con- 
ditions it  is  frequently  possible  to  develop  water  powers  which  other- 
wise would  be  quite  impossible  of-  commercially  successful  develop- 
ment. For  this  reason  electric  lighting  and  power  companies  which 
have  unusual  opportunity  for  effectively  working  water  and  steam 
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develoiJiiients  in  cooperation  frequently  find  it  ix)ssible  to  make 
successful  use  of  water  powers  which  would  otherwise  be  worth- 
less, and  thereby  bring  about  the  truest  kind  of  conservation  of 
natural  resources. 

There  is  another  thought  worth  considering  here.  The  Hol- 
yuke  testing  flume  has  been  in  existence  for  thirty  years.  It  was 
in  existence  for  a  number  of  years  before  the  great  electrical  trans- 
mission developments  became  practicable,  but  so  far  as  I  can  see 
the  Holyoke  flume  has  had  relatively  little  to  do  with  the  wonderful 
improvement  in  the  efficiency  and  character  of  Aimerican  water 
wheels  which  has  occurred  during  the  past  few  years.  This  im- 
provement is  undoubtedly  due  to  the  remarkable  development  of  the 
electrical  generator  and  of  electrical  transmission  possibilities  and  the 
consequent  need  for  very  large  water  wheels  of  highest  efficiency,  also 
on  account  of  the  fact  that  in  hydroelectric  power  developments 
the  amount  of  power  being  supplied  by  the  water  wheels  is  known 
at  every  moment  and  the  efficiency  or  inefficiencv  of  the  water 
wheels  is  at  all  times  prominently  exhibited. 

For  example,  I  remember  in  the  early  days,  in  Canada,  that 
of  two  fairly  large  hydroelectric  plants,  one  was  developing  only 
about  two-thirds  as  much  electric  power  as  the  other  from  the  same 
amount  of  water  power,  and  under  conditions  of  hydroelectric 
development  this  situation  could  not  escape  detection. 

This  paper  is  especially  valuable  on  account  of  the  fact  that  it 
gives  us  authentic  information  relating  to  a  lowhead  water  wheel 
development,  and  I  agree  with  Mr.  Andrus  that  it  is  probably  as 
efficient  a  lowhead  development  as  can  be  found  anywhere  in  this 
country.  There  might  be  some  question  as  to  such  a  statement 
if  we  include  Europe,  since  there  all  of  the  water  wheel  manufac- 
turers, up  to  a  relatively  recent  date,  have  designed  all  of  their 
water  wheels  for  use  under  the  exact  conditions  to  which  they 
were  to  be  subjected.  I  believe  I  am  correct  in  saying  that  in  1902 
there  was  no  water  wheel  manufacturer  in  Europe  who  made  a 
line  of  standard  water  wheels.  In  other  words,  every  water  wheel 
was  constructed  for  the  particular  work  it  was  to  do.  This  fact  was 
impressed  upon  me  as  I  happened  to  be  at  the  Ganz  Works  in 
I'.uda  Pesth  at  the  time  that  they  were  developing  a  line  of  water 
wheels  in  accordance  with  the  wheels  manufactured  by  The  James 
.\.  Left'el  &  Company,  and  at  that  time  I  understood  they  were 
about  the  first  European  manufacturers  to  consider  the  manufacturt 
of  a  standard  line  of  water  wheels. 

Another  feature  that  seems  interesting  to  me  relating  to  this 
relatively  small  lowhead  development  is  that  the  efficiencies  of  the 
water  wheels  as  actually  determined  by  the  tests  are  within  1)^2% 
of  the  guaranteed  efficiencies  of  reaction  water  wheels  recently  in- 
stalled in  a  hydroelectric  plant  having  high  head  and  10.000  kilo- 
watt units. 

Mr.  Andrus      Mr.  Jackson  brought  up  the  matter  of  European 
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wheels.  From  an  engineering  standpoint,  I  think  the  European 
wheels  are  superior  to  American  wheels,  but  from  the  standpoint  of 
dollars  and  cents,  Americans  come  out  about  the  same  place,  because 
they  save  enough  on  the  machinery. 

There  was  a  time  when  the  water  wheel  became  almost  obso- 
lete. In  towns  like  Lowell,  Massachusetts,  where  they  had  water 
power,  the  large  industrial  establishments  first  were  built,  because 
they  had  cheap  power.  Then  as  those  plants  grew  and  their  prod- 
uct commenced  to  be  marketed  and  shipped  out,  the  transportation 
problem  became  of  great  importance,  and  the  plants  were  moved 
to  where  there  were  proper  transportation  facilities.  This  removal 
of  plants  away  from  the  water  powers  caused  the  latter  to  go  bank- 
rupt. There  was  no  advancement  in  this  line — at  least  affairs  stood 
still — until  the  advent  of  the  electric  generator.  That  offered  a 
solution  to  the  problem,  whereby  plants  could  remain  near  the  de- 
sired transportation  facilities,  and  at  the  same  time  have  the  ad- 
vantage of  the  water  powers  through  the  transmission  of  energy 
by  means  of  electric  generators.  Consequently  there  has  been  a 
rejuvenation  of  water  power  development  due,  I  think,  to  the  pos- 
sibility of  transmitting  power  by  means  of  the  alternating  current. 

Dr.  M.  G.  Lloyd:  This  paper  offers  a  good  illustration  of  how 
the  progress  in  a  great  many  branches  of  engineering  depends  upon 
the  accuracy  of  electrical  measurements.  Tests  of  such  prime  mov- 
ers as  this  can  be  much  better  carried  out  by  making  the  load  that 
of  an  electric  generator  and  determining  the  load  by  electrical  meas- 
urement. As  Mr.  Jackson  has  pointed  out,  such  application  has 
influenced  and  greatly  helped  the  advance  in  the  design  of  such 
prime  movers;  and  the  same  thing  is  true,  as  well,  in  other  fields. 

Unfortunately,  however,  there  is  one  point  in  which  electrical 
measurements  are  still  not  quite  as  accurate  as  we  might  hope  for. 
There  are  four  sources  of  losses  in  the  electrical  generator,  which 
have  been  taken  up  here  by  the  author.  Of  those  four,  three  can 
be  very  accurately  determined ;  that  is,  the  core  loss,  the  bearing 
friction  and  windage  loss,  and  the  copper  loss  in  the  armature.  Un- 
fortunately, the  fourth  source,  load  losses,  cannot  be  so  accurately 
determined.  In  this  paper  a  customary  method  has  been  followed 
in  determining  them ;  that  is,  the  machine  is  run  under  short-cir- 
cuit, and  following  the  rule  in  the  American  Institute  Standardiza- 
tion Rules,  one-third  of  that  quantity  is  taken  as  the  proper  loss 
to  be  figured.  That  method  is  a  purely  empirical  one,  which  has 
been  worked  out  as  being  a  good  enough  general  rule  to  apply  in 
most  cases.  As  a  matter  of  fact,  it  is  correct  under  certain  cir- 
cumstances and  is  not  correct  in  others.  The  Standardization  Rules 
of  the  Institvite  are  now  undergoing  revision  and  I  think  probably 
that  rule  will  be  changed  and  it  will  not  be  found  there  in  the 
next  edition.  I  merely  want  to  point  out  that  this  is  simply  an 
approximation  and  not  an  accurate  determination,  but  it  is  about  as 
good  a  rule  as  can  be  applied  in  general  at  the  present  time. 
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J I  will  be  notici'd  in  J'"ig-.  6  that  the  load  loss  is  a  very  small 
(jiiaiititv,  su  that  its  accurate  (Icteniiination  is  not  a  serious  matter, 
and  any  inaccuracy  involved  there  would  not  seri(jusly  affect  the 
results  obtained  in  these  tests. 

Mr.  Andrus:  The  load  loss  curve  in  l"ii^.  6  is  really  taken  as 
one-tentli  of  the  copper  loss  and  is  not  computed  from  taking  one- 
third  of  the  short-circuit  core  loss,  but  we  did  compute  it  the  other 
way  and  the  two  were  so  nearly  alike  that  I  did  not  change  the 
chart. 

Mr.  Rupcr:  I  should  like  to  ask  Dr.  Lloyd  if  it  would  not  be 
feasible  to  determine  the  lead  losses  with  some  accuracy,  if  one  had 
two  generators,  which  he  could  use  in  testing  separately  by  the 
Hopkinson  method  ? 

Dr.  Lloyd:  Yes,  I  think  undoubtedly  one  could  do  that  with 
two  similar  generators. 

Mr.  Andrus:  In  addition  to  the  inaccuracy  of  the  load  loss, 
there  is  a  little  inaccuracy  in  the  copper  loss  due  to  the  difference 
in  temperature.  As  the  generator  is  under  load  the  temperature 
gradually  increases,  which  we  computed  at  25  deg.  and  at  40  and 
60  deg.,  and  it  made  only  a  fraction  of  1%  difference;  so  we  did 
not  take  the  temperature  or  even  correct  for  it,  the  difference  is 
so  small. 

L.  r.  Harza,  Consulting  Engineer,  Portland,  Ore.:  The  author 
has  given  in  his  paper  a  very  clear  exposition  of  the  method  used 
by  him  in  the  testing  of  a  horizontal,  open  penstock,  lowhead  tur- 
bine installation. 

These  methods  are  (juitc  usual  except  in  regard  to  the  method 
of  measuring  the  water.  In  fact,  it  is  seldom  that  the  layout  of  a 
lowhead  generating  station  is  such  as  to  permit  the  use  of  a  weir 
for  measuring  the  water  without  at  least  involving  a  great  expense 
for  its  construction.  For  this  reason  lowhead  installations  using 
large  volumes  of  water  are  seldom  given  a  test  after  installation, 
and  the  profession  thereby  lacks  very  seriously  any  reliable  data 
as  to  the  operating  results  of  turlnnc  installations  of  this  class  where 
large  volumes  of  water  are  used. 

The  author  was  fortunate  in  that  his  station  layout  contained 
a  long  rectangular  tailracc  in  which  a  weir  could  be  very  cheaply 
constructed.  The  writer  several  years  ago  conducted  a  test  on  a 
similar  installation,  each  tmit  consisting  of  six  rumiers  on  hori- 
zontal shaft,  under  a  head  df  17  ft.,  discharging  into  a  curved  draft 
tube  below  and  ojicrating  a  1500  kw.  unit  at  100  r.  p.  m.  The 
station  laynut  was  such  that  the  construction  of  a  weir  for  measure- 
ment of  the  large  vuhnne  of  water  would  have  been  practically  im- 
possible except  at  great  cxi)ense.  The  test  was  therefore  made  by 
thoroughly  traversing  the  cross  section  o\   the  penstock  upstream 
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from  the  turbines  with  carefully  calibrated  current  meters.  Each 
test  extended  over  several  hours  and  the  meters  were  read  almost 
continuously  during-  this  time,  check  observations  being  made  1  ft. 
apart  vertically  and  20  in.  apart  horizontally,  over  the  entire  cross 
section  of  the  flowing  water,  which  was  20  ft.  deep  and  40  ft.  wide. 
The  position  of  the  meters  was  controlled  by  vertical  wires  pre- 
viously installed  in  the  penstock  and  spaced  20  in.  apart  across  the 
entire  width.  This  test  was  only  for  general  information  and  its 
accuracy  was  no  doubt  lower  than  the  accuracy  obtained  by  the 
author  at  Elkhart.  The  runners  had  been  previously  tested  at  Hol- 
yoke,  but  the  test  in  place  was  not  sufficiently  elaborate  to  form  a 
basis  for  studies  as  to  the  relative  efficiency  in  place  and  in  the 
Hiolj'oke  flume. 

Since  that  time  the  \\'riter  was  connected  with  the  design  of  a 
hydroelectric  station  in  which  the  turbine  layout,  type  and  form  of 
draft  tubes,  appear  to  have  been  the  same  as  at  Elkhart.  The  in- 
stallation is  not  yet  ready  for  test.  The  runners  are  60  in.,  which 
are  too  large  for  test  at  Holyoke,  and  an  accurate  test  in  place  would 
be  very  difficult  because  the  station  layout  offers  no  opportunity 
for  the  installation  of  a  weir. 

The  author's  test  at  Elkhart  appears  to  have  been  very  care- 
fully made  and  if  correlated  with  a  test  of  the  same  runners  at  Hol- 
yoke, a  comparison  of  the  results  would  be  of  inestimable  value  to 
the  profession.  He  does  not  state  whether  or  not  these  runners  w^ere 
tested  at  Holyoke,  but  whether  they  w^ere  or  not  it  is  very  greatly 
to  be  regretted  that  he  has  confined  his  remarks  almost  exclusively  to 
the  method  of  conducting  the  test,  which  on  the  whole  is  very  usual, 
and  has  failed  to  incorporate  in  his  paper  any  appreciable  data  show- 
ing the  results  obtained  by  him  under  the  various  operating  heads 
with  which  he  was  working. 

Even  had  the  runners  not  been  tested  at  Holyoke,  it  is  probable 
that  homologous  runners  made  by  the  same  manufacturer  have  been 
so  tested,  and  a  detailed  comparison  of  the  test  results  of  the  50  in. 
quadruplex  unit  after  installation,  with  the  test  results  of  a  homo- 
logous runner  of  another  size  in  the  Holyoke  flume,  would  be  of 
great  value  in  indicating-  the  degree  of  accuracy,  and  direction  and 
approximate  magnitude  of  the  error  involved  in  predicting  from  a 
Holyoke  test  of  one  runner,  -v\'hat  operating  results  mav  be  ex- 
pected from  a  homologous  runner  of  the  same  or  different  size  when 
installed  in  twin  units  under  conditions  similar  to  those  at  ElkKart. 
The  hvdroelectric  engineer  is  continually  called  upon  to  make  this 
prediction  and  the  available  data  for  guiding  his  judgment  in  this 
matter  is  almost  nil  It  is  to  be  hoped  that  the  author  in  a  later 
paper  will  present  this  data  and  make  some  comparisons  of  the 
nature  indicated. 
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APPENDIX 

I  OG  OF  TEST  FOR  50  IN.  HORIZONTAL  LOWHEAD  WA- 
TER TURBINES  AT  ELKHART,  INDIANA 

IN  GENERAL 

The  engineer  in  charge  of  such  a  test  as  described  in  the  paper 
stands  in  a  position  between  the  individual  or  corporation  desiring 
the  test  to  be  made,  and  the  contractor  who  furnishes  the  apparatus 
and  accessories  which  are  to  be  tested.  The  test  is  usually  made  to 
the  end  that  certain  guarantees,  under  which  the  apparatus  was 
furnished,  might  be  verified,  and  usually  the  contract  contains  some 
penalty  upon  the  contractor,  should  the  apparatus  not  meet  such 
guarantees.  It  therefore  devolves  upon  the  engineer  to  make  sure 
that  those  who  retain  him  receive  an  honest  and  fair  return  for 
their  money,  and  while  it  is  true  that  he  is  employed  by  only  one 
of  the  parties  to  the  contract,  he  should  endeavor  to  see  that  fair- 
ness to  both  parties  of  the  contract  is  secured.  The  engineer's  de- 
cisions are  usually  final,  unless  it  can  be  shown  that  actual  fraud 
exists.  If  such  can  he  shown,  then  the  test  may  be  the  cause  of 
litigation  in  the  courts.  Again,  should  the  apparatus  and  accessories 
under  test  not  meet  the  guarantees,  the  contractor  might  claim  that 
the  test,  as  conducted,  was  not  one  which  would  truly  serve  the 
purpose  for  which  it  was  intended,  and  under  such  an  allegation 
he  has  the  right  to  make  the  test  a  cause  of  litigation  to  prove  the 
insufficiency  of  the  test. 

To  avoid  such  litigation,  it  is  better  that  a  written  description 
defining  the  methods  of  test  and  the  methods  of  computing  results 
from  the  test  be  prepared  by  the  engineer  for  the  approval  of  the 
individual  or  corporation  having  the  work  done,  and  for  the  ap- 
proval and  guidance  of  the  contractor  doing  said  work.  Such  a 
written  document  should  be  embodied  with  and  be  made  a  part  of 
the  specifications  and  contract,  and  they  .should  fix  definitely  the 
fact  that  such  a  test,  when  properly  conducted,  shall  be  acceptable 
to  both  parties  to  the  contract.  In  other  words,  when  the  engineer 
believes  that  to  attain  the  best  results  the  test  must  be  performed  in 
some  particular  way,  it  is  necessary  to  incorporate  the  method  of 
test  in  the  sjx^cifications.  This  being  done,  it  must  be  remembered 
that  under  these  circumstances  the  contractor  cannot  be  held  re- 
sponsible for  the  mistakes  of  the  engineer.  Therefore,  when  the 
engineer  specifies  that  the  test  shall  be  made  in  a  certain  way,  he 
must  assume  the  responsibility  and  bear  in  mind  that  the  test  may 
become  a  cause  of  litigation  in  the  courts.  Under  such  conditions 
his  methods  and  computations,  as  noted  during  the  test,  will  be 
introduced  as  evidence,  and  tlie  engineer  must  be  able  to  substan- 
tiate the  correctness  of  them,  also  the  methods  used  in  computing 
final  results  from  thi-  reading  as  noted  on  his  test  log.  The  writer,  in 
submitting  such  a  test  log,  does  not  wish  to  «;tand  in  the  position 
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of  stating  that  it  is  infallible,  bnt  hopes  that  it  may  be  the  means 
of  helping  to  advance,  in  the  engineering  profession,  what  will  in 
the  future  be  a  very  important  line  of  work. 

INTERPRETATION  OF  LOG  SHEETS- —ELKHART   WATER  WHEEL  TEST. 
LOG  SHEET  NO.   1 

Miscellaneous  Data. 

Column  1.  Run  numbers  are  assigned  in  the  order  of  sequence 
in  which  the  different  tests  w^ere  made.  This  cohniin  is  repeated  on 
all  sheets  to  facilitate  comparison. 

Column  2.  The  number  assigned,  for  the  purpose  of  test,  to 
the  unit  upon  which  the  individual  test  was  made. 

Column  3.     The  day  upon  which  the  test  was  run.     This  is 


MISCELL/^NEOUS     D/1T/1       log  sheet/ 

1 

2 

3    \   4     \    5 

e    1  7 

8     1    9     \   10 
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REiM/^RKS 
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1 
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June- 4 

A.M. 
9- 37 

/t.M. 

9:'tS 

e,3-k 

69i 

No  Wind 

4 

- 

10^03 

10:  IZ 

S 

' 

10:51 

11:00 

C/ear 

6 

- 

II :  14 

11:23 

7 

~ 

11:34 

11:43 

important  to  the  end  that  all  conditions  under  which  the  test  was 
conducted  be  made  a  matter  of  record  for  the  reason  that  the 'test 
may  be  made  the  cause  of  litigation. 

Column  4.  The  hour  and  minute  when  the  test  was  begun. 
This  is  important  to  the  end  that  all  conditions  under  which  the 
test  was  conducted  be  made  a  matter  of  record  for  the  reason 
that  the  test  may  be  made  the  cause  of  Htigation,  and  for  the  addi- 
tional reason  that  in  working  up  results  it  is  necessary  to  identify 
the  simultaneous  readings  at  each  of  the  17  stations  when  making 
up  the  composite  log  of  the  test. 

Column  5.  The  hour  and  minute  that  the  test  was  completed. 
This  is  important  to  the  end  that  all  conditions  under  which  the 
test  was  conducted  be  made  a  matter  of  record  for  the  reason  that 
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the  test  may  be  made  the  cause  of  litigation,  and  for  the  additional 
reason  that  in  working-  up  results,  it  is  necessary  to  identify  simul- 
taneous readings  at  each  of  the  17  stations. 

Column  6.  Temperature  of  the  atmosphere  as  observed  by  a 
j-'ahrenhcit  thermometer  just  outside  of  the  power  house.  This  is 
important  to  the  end  that  all  conditions  under  which  the  test  was 
conducted  be  made  a  matter  of  record,  for  the  reason  that  the  test 
may  be  made  the  cause  of  litigation. 

Column  7.  Temperature  of  the  water  in  the  pond  as  observed 
by  a  h'ahrenheit  thermometer.  This  is  important  to  the  end  that  all 
conditions  under  wliich  the  test  was  conducted  be  made  a  matter 
of  record,  for  tlie  reason  thiit  the  test  may  l)e  made  the  cause  of 
litigation. 
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Columns  8,  9  and  10.  The  colunms  are  for  general  remarks  of 
tile  weather,  and  abnormal  conditions  influencing  the  test.  This 
is  important  to  the  end  that  all  conditions  under  which  the  test  was 
conducted  be  made  a  matter  of  record  for  the  reason  that  the  test 
may  be  made  the  cause  of  litigation. 

i.oc  siif.i:t  no.  2 
Water  Turbine  Data. 

(.  (tlumn  11.  (late  opening  in  inches  is  taken  from  a  curve  in 
which  the  gate  opening  was  actually  calipered  and  measured  in 
inches,  then  ()lotted  together  with  the  indicated  ojiening  on  the  gov- 
ernor scale.     (See  l-'ig.  12.) 
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Column  12.  Gate  opening  as  actually  observed  on  the  governor 
scale  for  each  run. 

Column  13.  The  revolutions  per  minute  are  observed  on  the 
tachometer  each  minute  during  the  run,  and  in  this  column  is  noted 
the  maximum  revolutions  per  minute  observed  during  the  indi- 
vidual run. 

Column  14.  The  revolutions  per  minute  are  observed  on  the 
tachometer  each  minute  during  the  run,  and  in  this  column  is  noted 
the  minimum  revolutions  per  minute  observed  during  the  individ- 
ual run. 

Column  15.  This  column  is  the  average  of  the  revolutions  per 
■minute  as  noted  each  minute  during  the  individual  run. 

Column  16.  Vacuum  head  in  feet  was  obtained  h\  reading 
the  difference  in  elevation  of  mercury  in  a  glass  U  tube,  in  inches, 
then  reducing  the  mercury  head  in  inches  to  the  equivalent  head 
of  water  in  feet,  by  multiplying  the  mercury  head  in  inches  by 
1.127,  obtained  as  follows :  Divide  0.489,  the  weight  per  cubic  inch  of 
mercury,  by  0.0362,  the  weight  per  cubic  inch  of  water,  and  then 
divide  the  result  by  12  to  reduce  the  head  to  feet.  The  reading  noted 
is  the  average  of  readings  taken  each  minute  during  the  run.  Gages 
No.  31  and  No.  32  read  the  vacuum  head  on  the  unit  that  is  under 
test.  The  action  of  the  mercury  in  the  U  tubes  will  indicate  the 
draft  tube  conditions,  should  the  same  not  be  normal. 

Column  17.  This  column  is  similar  in  every  way  to  Col.  16, 
except  that  gages  No.  ZZ  and  No.  34  are  on  the  idle  unit.  The 
reading  noted  is  the  average  of  readings  taken  each  minute  during 
the  run.  The  action  of  the  mercury  in  the  U  tube  of  the  idle  unit 
will  indicate  whether  or  not  the  water  in  the  tailrace  is  being  taken 
away  freely  or  if  it  tends  to  back  up  in  the  draft  tube  at  the  down- 
stream side  of  the  power  house. 

Column  18.  This  column  is  the  static  head  as  measured  by  the 
difference  in  elevation  of  the  point  of  gage  tapping  in  the  draft 
chest  and  the  tailwater  on  the  turbine. 

Column  19.  Vacuum  head  as  per  cent,  of  static  head  is  the 
vacuum  head  in  feet  divided  by  the  static  head  in  feet,  multiplied 
by  100  to  give  per  cent.  The  difference  between  the  simultaneous 
reading  in  Cols.  16  and  18  represents  the  velocity  head  which  is 
made  up  of  two  components,  the  straight  velocity  and  the  tangential 
velocity. 

LOG  SHEET  NO.   3 

Francis  Weir  Data. 

Column  20.  The  water  over  the  weir  was  read  by  means  of 
hook  gages,  the  zero  of  the  hook  being  set  at  exactly  the  same  eleva- 
tion as  the  crest  of  the  weir ;  thus  the  hook  gage  reads  directly  the 
amount  of  water  passing  over  the  weir.  The  hook  gages  were 
set  in  barrels  connected  to  the  tailrace  at  points  30  ft.  upstream  from 
the  weir.     Gage  No.  1  reads  the  water  flowing  over  the  weir  2  fr. 
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from  the  left  tailracc  wall  when  looking  downstream.  The  reading 
noted  is  the  average  of  readings  taken  each  minute  during  the  run. 

Column  21.  The  reading  noted  is  taken  the  same  as  No.  1. 
except  that  it  is  28  ft.  from  the  left  tailrace  wail  looking  down- 
stream. 

Column  22.  The  readiuLj  noted  is  taken  the  same  as  No.  1, 
except  that  it  is  54  ft.  from  the  left  tailrace  wall  looking  down- 
stream. 

Column  23.  The  reading  noted  is  taken  the  same  as  No.  1. 
except  that  it  is  80  ft.  from  the  left  tailrace  wall  looking  down- 
stream. 

Column  24.  This  column  is  the  average  of  the  four  hook  gage 
readings  and  is  the  figure  used  in  computing  the  flow  over  the  weir. 
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Coluiun  2h.  Ua.  the  flow  over  the  weir  by  i-'rancis  formula, 
was  obtained  from  standard  weir  tables,  by  knowing  the  kind  of 
crest  and  the  head  upon  the  same.  ( See  U.  S.  Geological  Survey 
Publication,  Water  Supply  &  Irrigation  Paper  No.  200,  i)age  162.) 

Cohuun  26.  The  cross-sectional  area  of  the  channel  of  aj)- 
proach  28  ft.  upstream  from  the  weir,  was  obtained  as  follows: 

(a)  The  width  was  actually  measured  before  the  water  was 
turned  in. 

(b)  The  hcij^ht  is  the  difference  between  the  elevation  of 
the  floor  of  the  tailracc  and  the  crest  of  the  water  at  the  time  the 
run  was  under  way. 

Column    27.      The    vcloeity   of    appn^ach    wa<    figured    by    the 
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formula  V=Oa/A,  in  which  the  discharge  Qa  (Col.  25)  and  the 
cross-section  area  A  (Col.  26)  are  known. 

Column  28.  The  per  cent,  of  increased  discharge  in  excess  of 
Qa  due  to  velocity  of  approach,  was  obtained  from  standard  tables, 
(See  U.  S.  Geological  Survey  Publication,  Water  Supply  &  Irriga- 
tion Paper  No.  200,  page  160.)  Knowing  the  velocity  of  approach 
(Col.  27)  and  the  head  flowing  over  the  weir  (Col.  24),  the  per- 
centage increase  can  be  taken  directly  from  the  tables. 

Column  29.  The  total  discharge  per  foot  of  length  of  weir 
crest  is  obtained  by  multiplying  the  discharge  Qa  (Col,  25)  by  the 
increase  in  per  cent.,  as  noted  in  Col.  28,  plus  100. 

Column  30.  Tailwater  on  the  weir  was  read  directly  on  a  gage 
board  set  to  dam  datum  on  the  downstream  end  of  the  left  tailrace 
wall,  48.4  ft.  downstream  from  the  weir.  The  reading  noted  is  the 
average  of  the  readings  taken  each  minute  during  the  run. 

Column  31.  Total  weir  discharge  is  the  discharge  per  foot  of 
length  of  weir  crest  (Col.  29)  multiplied  by  the  total  length  of 
the  weir  crest  (82.52  ft.). 

Column  32.  Elevation  of  headwater  on  the  weir  is  obtained  by 
adding  the  average  height  of  water  over  the  crest  of  the  weir  as 
read  by  hook  gages  (Col.  24)  to  the  elevation  of  the  crest  of  the 
weir   (Elevation  81.00). 

LOG  SHEET  NO.  4 

operating  Head  Data. 

Column  33.  Pond  gage  No.  29  was  a  piezometer  gage,  reading 
headwater  elevation,  directly  to  the  dam  datum.  The  reading  noted 
is  the  average  of  readings  taken  each  minute  during  the  run. 

Column  34.  Gage  No.  23  was  a  piezometer  gage,  reading  head- 
water elevation  in  the  penstock  at  the  left  side  of  the  unit  under 
test  and  midway  between  the  two  draft  chests.  The  reading  noted 
is  the  average  of  readings  taken  each  minute  during  the  run. 

Column  35.  Gage  No.  24  was  a  piezometer  gage,  reading 
headwater  elevation  in  the  penstock  at  the  right  side  of  the  unit 
under  test  and  midway  between  the  two  draft  chests.  The  reading 
noted  is  the  average  of  readings  taken  each  minute  during  the  run. 

Column  36.  This  column  is  the  average  of  the  two  headwater 
elevations  on  the  unit  under  test  as  noted  in  columns  No.  34  and 
No.  35. 

Column  Z7.  This  column  gives  the  elevation  of  tailwater  at 
the  downstream  side  of  the  power  house  in  the  left  downstream 
draft  tube  as  read  by  float  gage  No.  12  set  to  dam  datum.  The 
reading  is  the  average  of  readings  taken  each  minute  during  the 
run. 

Column  38.  Gage  No.  13,  reading  noted,  is  taken  the  same  as 
gage  No.  12,  except  that  it  is  placed  on  the  right  upstream  draft 
tube  of  the  unit  under  test.  The  reading  noted  is  the  average  of 
readings  taken  each  minute  during  the  run. 

Column  39.     This  column  is  the  average  of  the  two  float  gage 
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tailvvater  elevations  on  the  unit  under  test,  as  noted  in  Cols.  37 
and  38. 

Column  40.  The  operating  head  on  the  turbine  under  test  is 
the  difference  in  elevation,  stated  in  feet,  between  the  headwater 
(Col.  36)  and  the  tailwater  (Col.  39). 

Column  41.  This  column  gives  the  variations  in  the  elevation 
of  the  tailwater  at  the  wheels  and  30  ft.  upstream  from  the  weir, 
and  is  obtained  by  taking  the  difference  between  the  tailwater  eleva- 
tions at  the  stated  locations. 

Column  42.  The  rack  loss  is  the  loss  in  head  due  to  the  fric- 
tion and  increased  velocity  of  the  water  passing  through  the  racks, 
and  is  obtained  by  taking  the   difference  in  water  elevation   up- 
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stream  from  the  racks   (Col.  Z2>)  and  water  elevation  in  the  pen- 
stock under  test  (Col.  36). 

Column  43.     The  penstock  velocity  at   the   tainter  gate   sill, 
downstream  from  the  racks,  is  found  by  the  formula  Vi=Q,,-[-5^  O^ 


in  which  Qn+K'  Q,  (Col.  484-1/4  Col.  47)  is  the  total  water  pass- 
ing, and  A  is  the  cross-sectional  area  at  the  sill,  obtained  as  follows: 

Column  43.  (a)  The  widtli  was  obtained  by  actual  measure- 
ment before  the  water  was  turned  in. 

(b)  The  height  is  the  difference  between  the  elevation  of  the 
gate  sill  and  the  crest  of  the  water  at  the  time  run  was  under  way. 
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Column  44.  The  rack  loss  as  per  cent,  of  the  total  net  head 
is  obtained  by  dividing  the  rack  loss  in  feet  (Col.  42)  by  the  total 
head  in  feet  (Col.  40)  and  multiplying  by  100  to  give  per  cent. 

LOG  SHEET  NO.   5 

Reduction  Factors. 

Column  45.  Leakage  through  the  weir  was  obtained  by  sealing 
the  drain  valves  with  cinders  and  reading  the  loss  of  head  on  the 
weir  during  a  fixed  period  of  time,  after  the  water  fell  below  the 
crest.  Then,  knowing  the  area  of  the  tailrace,  above  the  weir, 
the  cubic  feet  of  water  lost  for  the  stated  time  could  be  computed. 
Then  by  dividing  the  cubic  feet  loss  by  the  stated  time  in  seconds, 
the  leakage  in  cubic  feet  per  second  is  obtained. 
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Column  46.  The  leakage  through  the  closed  openings  of  the 
exciter  and  future  unit  penstocks  was  assumed  after  a  careful  in- 
spection by  the  test  engineer,  his  judgment  being  based  on  pre- 
vious tests. 

Column  47.  Total  leakage  through  the  two  units  when  the 
turbine  gates  were  closed  was  obtained  by  reading  the  amount 
of  water  flowing  over  the  crest  of  the  weir  after  the  head_  on  the 
weir  became  constant.  This  total  discharge  over  the  weir,  plus 
the  leakage  through  the  weir  (Col.  45),  less  the  assumed  leakage 
through  the  closed  openings  (Col.  46),  gave  the  total  leakage 
through  the  gates  of  the  two  units.  The  leakage  for  one  unit  would 
be  one-half  of  such  total.    . 

Column  48.    The  effective  water  through  the  unit  under  test  is 
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the  actual  water  that  passes  through  the  turbine  gates  of  the  unit 
under  test,  less  the  hydraulic  leakage  of  that  unit,  which  is  one-half 
Q.,,  (5^  Col.  47),  which  is  equal  to  the  total  water  over  the  weir 
(Col.  31),  plus  the  weir  leakage  (Col.  45),  minus  the  hydraulic 
leakage  (>^  Col.  47)  through  the  unit  under  test,  minus  leakage 
through  all  closed  openings  (Col.  46). 

(Column  49.  Feet  of  head  in  this  column  is  the  same  as  men- 
tioned before  in  Col.  40,  re-stated  at  this  point  for  convenience. 

Column  50.  The  operating  head  to  the  three  halves  power  is 
noted  for  the  reason  that  the  horse  power  output  varies  as  the  head 
to  the  three  halves  power. 

Column  51.  The  square  root  of  the  operating  head  is  noted 
for  the  reason  that  the  discharge  varies  as  the  square  root  of  the 
head. 

Column  52.  Actual  unit  revolutions  per  minute  at  1  ft.  head 
are  the  actual  revolutions  per  minute  (Col.  15)  divided  by  the  square 
root  of  the  working  head  (Col.  51). 

Column  53.  Normal  revolutions  per  minute  at  1  ft.  head  are 
the  normal  revolutions  per  minute  (120)  divided  by  the  square  root 
of  the  working  head  (Col.  51). 

Column  54.  Unit  discharge  per  water  turbine  is  computed  by 
dividing  the  eflfective  water  discharged  (Col.  48)  by  the  number  of 
water  turbines  and  bv  the  square  root  of  the  operating  head 
(Col.  51). 

Column  55.  Unit  hcrse  power  is  the  horse  power  developed 
by  one  water  turbine  assumed  to  be  operating  at  1  ft.  head,  and 
is  computed  as  follows:  Divide  the  total  horse  power  developed 
(Col.  68)  by  the  number  of  water  turbines  under  test,  and  by  the 
operating  hear!  to  the  three  halves  power  (Col.  50).     (See  Fig.  11.) 

Note:  The  reduction  to  unit  basis-  curve,  as  noted  in  Columns 
53,  54  and  55,  is  for  the  purpose  of  comparing  water  wheel  char- 
acteristics on  the  same  basis,  and  from  such  unit  curves  the  charac- 
teristics at  different  operating  heads  may  be  predetermined. 

LOG  SHEET  NO.  6 

Electrical  Data.  > 

Column  56.  Indicated  volts  are  read  on  a  voltmeter  connected 
to  the  line  through  a  potential  transformer.  The  reading  noted  is 
the  average  of  readings  taken  each  minute  during  the  run. 

Column  57.  Indicated  amperes  are  read  on  an  ammeter  con- 
nected to  the  line  through  a  current  transformer.  The  connections 
were  so  arranged  that  the  amperes  could  be  read  on  each  phase. 
The  reading  noted  is  the  average  of  readings  taken  each  minute 
during  the  run. 

Column  58.  Reading  wattmeter  No.  1.  Indicated  watts  are 
read  on  two  wattmeters  so  connected  that  the  sum  of  the  readings 
of  the  two  wattmeters,  when  corrected   for  current   and  potential 
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transformer  ratios,  gave  a  true  reading  of  the  actual  kilowatt  out- 
put of  the  generator. 

Column  59.  Reading  wattmeter  No.  3.  Indicated  watts  are 
read  on  two  wattmeters  so  connected  that  the  sum  of  the  readings 
of  the  two  wattmeters,  when  corrected  for  current  and  potential 
transformer  ratios,  gave  a  true  reading  of  the  actual  kilowatt  out- 
put of  the  generator. 

Column  60.  Actual  line  volts  as  computed  from  Col.  56,  by 
multiplying  by  the  potential  transformer  ratio  59.5-1. 

Column  61.  Actual  terminal  amperes  as  computed  from  Col.  57, 
by  multiplying  by  the  current  transformer  ratio  24.75-1. 

Column  62.  Total  kilowatt  output  is  equal  to  one-half  the 
sum  of  Col.  58  plus  Col.  59  multiplied  by  the  product  of  the  poten- 
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tial  transformer  ratio  and  the  current  transformer  ratio,  or 
(59.5X24.75).  One-half  the  sum  is  used  for  the  reason  that  the 
wattmeter  scale  read  double. 

Column  63.  The  core  loss  for  each  different  load  was  com- 
puted from  the  data  obtained  from  the  factory  test  sheets  of  the 
generator,  under  test  at  the  voltage  noted  in  Col.  50. 

Column  64.  Copper  loss  for  each  run  is  computed  from  the 
resistance  as  given  on  the  factory  test  sheet  and  the  amperes  as 
noted  in  Col.  61. 

Column  65.  The  load  loss  was  computed  in  accordance  with 
the  A.  I.  E.  E.  Standardization  rule  (See  Transactions,  Vol.  30, 
Part  3,  page  2549). 
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■  Column  66.  The  friction  and  windage  loss,  as  taken  from  the 
factory  test  sheets  of  the  generator. 

Column  67.  Total  kilowatt  input  to  the  generator  is  the  sum 
of  the  kilowatt  output  plus  all  the  losses  in  kilowatts. 

Column  68.  Total  horse  power  input  to  the  generator  is  equal 
to  the  kilowatt  input  when  multiplied  by  1000  and  divided  by  746 

LOG   SHEET   NO.    7 

Computed  Efficiency. 

Column  69.  Generator  efficiency  in  per  cent,  equals  the  output 
in  kilowatts  divided  by  the  total  imput  in  kilowatts,  multiplied  by  100. 
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Column  70.  Theoretical  horse  power  is  equal  to  the  product 
of  the  effective  water  discharged  in  cubic  feet  per  second  (Col.  48) 
multiplied  by  the  head  (Col.  40),  multiplied  by  62.5  (the  weighf 
of  a  cubic  foot  of  water)  divided  by  550  (the  number  of  foot  pounds 
of  work  per  second  equivalent  to  one  horse  power). 

Column  71.  The  actual  efficiency  of  the  water  turbine  is  equal 
to  the  actual  horse  power  delivered  to  the  generator  (Col.  68)  di- 
vided by  the  theoretical  horse  power  (Col.  70).  multiplied  by  100 
to  give  per  cent. 

Column  72.  This  column  is  the  maker's  guaranteed  efficiency 
in  per  cent,  at  normal  revolutions  per  minute  reduced  to  actual  test 
head.  This  was  done  by  interpolating  between  the  guaranteed  effi- 
ciency curves  for  13  ft.  and  14  ft.  head. 

Column  73.     This  column  is  the  maker's  guaranteed  efficiency 
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in  per  cent,  reduced  to  actual  revolutions  per  minute  and  test  head. 
This  was  done  by  interpolating  between  the  guaranteed  efficiency 
curves  for  13  ft.  and  14  ft.  head  and  also  interpolating  between 
the  guaranteed  efficiency  curves  for  128  revolutions  per  minute  and 
normal  revolutions  per  minute. 

Column  74.  Efficiency  from  test  (Col.  71)  as  per  cent,  of 
guaranteed  efficiency  (Col.  ??>)  is  the  test  efficiency  divided  by  the 
maker's  guaranteed  efficiency  multiplied  by  100  to  give  per  cent. 

Column  75.  Holyoke  efficiency  at  actual  head  and  revolutions 
per  minute  as  tested  in  the  Holyoke  testing  flume. 

Column  76.  Holyoke  efficiency  reduced  to  normal  revolutions 
per  minute  (120)  under  actual  test  head  as  tested  in  the  Holyoke 
testing  flume. 

Column  77.  Unit  discharge  in  per  cent,  of  unit  minimum  water 
at  maximum  capacity  is  the  unit  discharge  of  Col.  54  divided  by  the 
minimum  water  at  maximum  capacity  (55.2  cu.  ft.  per  second)  mul- 
tiplied by  100  to  give  per  cent. 

Column  78.  The  total  plant  efficiency  is  the  product  of  the 
generator  efficiency  in  per  cent,  multiplied  by  the  water  wheel  effi- 
ciency in  per  cent. 
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THE   GRAND   STAND  FOR  THE  UNIVERSITY    OF 

CHICAGO 

Charles  Hodgdon,  Architect. 
Presented  before  the  Bridge  mid  Structural  Section  October  ij.  IQIS- 

During  the  last  25  years  there  has  been,  without  much  doubt, 
a  revival  of  interest  in  athletic  games  and  contests  which,  for  com- 
parison, we  must  refer  back  to  Rome  and  Greece.  During  the 
middle  ages  tournaments  and  contests  were  carried  on,  of  course, 
to  some  extent,  but  I  do  not  recall  any  such  permanent  structures 
having  been  built  for  the  use  of  spectators  for  such  sports,  as  were 
built  in  ancient  times  or  during  the  past  few  years. 

At  the  present  time,  nothing  has  been  built  as  large,  splendid, 
and  imposing  as  the  Colosseum  of  Rome  or  the  Amphitheatres  in 
the  Roman  provinces.  The  Greek  Stadia  are  the  oldest  of  these 
structures  and  the  name  came  from  the  word  stadium,  the  length 
of  the  foot-race,  which  was  606  ft.  9  in.  English  measurement. 

It  is  supposed  that  in  the  beginning  these  contests  took  place 
in  natural  hollows  with  the  spectators  seated  on  the  hillsides.  Later 
these  natural  hollows  were  shaped  and  then  provided  with  seats 
of  marble  laid  directly  on  the  groimd,  as  in  the  Stadium  at  Athens. 
In  some  cities,  the  seats  were  supported  by  masonry. 

The  Stadium  at  Athens  was  arranged  in  the  following  man- 
ner: The  lower  tier  of  seats  was  raised  3  ft.  above  the  arena.  About 
6  ft.  in  front  of  this  lower  tier  a  breastwork  formed  a  separation 
between  the  bank  of  scats  and  the  arena.  The  space  thus  cut  off 
served  as  a  passage  to  give  access  to  the  steps  leading  to  the  seats. 
The  passage  and  the  arena  were  underdrained,  and  there  were 
underground  entrances,  leading  to  the  arena,  for  the  contestants 
and  judges. 

The  Athens  structure  was  built,  it  is  believed,  about  350  B.  C. 
About  500  years  afterwards,  a  wealthy  Roman  added  seats  of 
marble,  but  during  the  decay  of  the  Roman  Empire  the  structure 
lost  nearly  all  of  its  marble  work  and  was  nearly  buried.  Since 
1869  it  has  been  excavated  and  completely  restored  and  is  now 
used  for  the  Olympic  games. 

Like  many  of  the  Greek  Stadia,  the  structure  was  built  like 
a  horse  shoe,  semi-circular  at  one  end  and  open  at  the  other.  The 
Stadium  at  Harvard  was  built  on  this  plan,  and  seats  20,000  people. 
The  Athens  Stadium  had  a  seating  capacity  of  50,000. 
The  Colosseum  at  Rome  had  a  seating  capacitv  of  80,000.  The 
Circus  Maximus  at  Rome  seated  380.000.  The' Grand  Stand  that 
I  am  to  describe  seats  less  than  9,000  and  is,  therefore,  a  tiny  affair. 

The  Romans  developed  this  Amphitheatre  and  Circus  from  the 
Greek  Stadium  or  Theatre.  Their  structures  were  generally  built 
on  a  level  site ;  the  tiers  of  seats  were  suppi^rted  on  arches  and 
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vaults  of  masonry,  and  the  space  below  the  seats  was  utilized  for 
passages  and  stairways,  and  for  other  purposes. 

The  Roman  Circuses  were  at  first  used  mainly  for  horse  and 
chariot  races;  their  Amphitheatres  were  used  for  gladiatorial  com- 
bats ;  and  in  the  Colosseum  it  is  known  that  water  was  admitted  to 
the  arena  when  sham  naval  combats  were  fought  with  triremes. 

With  the  downfall  of  Rome  athletic  contests  ceased.  But  in 
recent  years  there  has  been  a  revival  of  outdoor  sports,  especially 
at  our  colleges,  and  for  a  number  of  years  now  no  regularly-oc- 
curring events  are  followed  with  such  universal  interest  and  col- 
lect such  large  crowds  as  the  athletic  contests  between  the  large 
colleges.  Consequently  a  demand  has  arisen  for  a  type  of  structure 
with  large  seating  capacity  and  of  enduring  material,  free  from 
fire  risk.  This  demand  has  resulted  in  the  modern  Stadium  and 
Grand  Stand,  built  with  the  Greek  and  Roman  models  in  mind,  and 
suitable  to  withstand  a  colder  climate.  Architects  have  found  rein- 
forced concrete  best  suited  for  the  requirements. 

The  first  concrete  Stadium  in  the  United  States  was  built  for 
the  University  of  California  in  1903.  Though  called  a  Stadium,  it 
is  on  the  lines  of  a  theatre.  The  next  larger  and  more  important 
Stadium  is  at  Harvard  College,  built  in  the  same  year.  This  fol- 
lowed the  plan  of  the  old  Greek  Stadia,  but  suggested  the  Colosseum 
in  appearance. 

The  third  structure  is  at  Syracuse  (N.  Y.)  University.  In 
plan  this  is  oval  with  semi-circular  ends,  and  was  built  in  a  large, 
natural  hollow  connected  at  one  end  with  the  Gymnasium.  There 
is  an  elevated  walk  4  ft.  wide  protected  by  a  curb  running  around 
the  arena.  Above  this  rise  18  tiers  of  seats  to  the  upper  ground 
level.  Surrounding  the  top  tier  of  seats,  is  a  promenade  20  ft. 
wide,  at  the  natural  grade :  at  its  outer  edge  there  is  an  iron  fence. 
The  spectators  arrive  at  this  level,  pass  through  gates  to  the  prome- 
nade, and  then  descend  the  aisles  to  their  seats. 

At  the  Stadium  in  Syracuse  and  the  one  at  Harvard  the  spec- 
tators are  obliged  to  sit  on  the  concrete  tread,  v/hich  is,  I  believe, 
a  dangerous  thing  to  do,  especially  in  the  late  fall  when  football 
games  are  played. 

At  Harvard,  they  modify  this  to  some  extent  by  laying  planks 
directly  on  the  concrete  treads  for  the  spectators  to  sit  on. 

Since  the  Stadia  at  Harvard  and  Syracuse  were  built,  several 
stands  for  baseball  parks  have  been  built,  which  show  a  distinct 
advance  in  seating  accommodations.  A  plank  is  raised  some  3  or  4 
in.  on  a  casting  or  steel  shape,  thus  raising  the  spectator  and  giving 
the  person  behind  toe  space  under  the  plank.  The  fact  that  there 
is  more  frequent  use  of  baseball  stands  than  college  stands  is  lead- 
ing owners  to  provide  better  accommodations. 

An  examination  of  the  Stadia  at  Harvard  and  Syracuse  showed 
the  interesting  development  that  in  spite  of  all  the  care  taken  to 
prevent  it,  expansion  and   surface  cracks  progress   rapidly.     The 
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Stadium  at  Harvard  is  leaking  badly  and  at  no  very  distant  date 
it  will  need  to  be  largely  reconstructed.  A  portion  of  the  Stadium 
at  Syracuse  has  a  roof  covering,  and  it  was  noticed  that  under  this 
there  were  practically  no  surface  cracks,  -while  out  under  the  open 
sky  the  intense  heat  of  the  summer  sun  had  resulted  in  considerable 
havoc ;  large  pieces  had  scaled  off,  necessitating  some  patch  work. 
In  spite  of  these  examples  and  all  the  care  we  could  take,  I  am 
not  sure  that  the  Chicago  Stand  will  not  follow  its  illustrious 
examples. 

It  has  been  the  practice  of  the  authorities  of  the  University  of 
Chicago  to  use  the  Gothic  style  of  architecture  in  all  their  build- 
ings, and  consequently  no  departure  from  that  practice  was  con- 
sidered when  the  Grand  Stand  was  designed.  It  was  hoped  that 
it  might  be  appropriate,  in  planning  this  stand,  to  follow  the  plan 
of  the  feudal  castles  of  the  Norman  Period  in  England,  and  not 


^1 

Grand   Stand   and   Enclosing  Wall. 


to  forget  that  as  time  went  on  window  openings  were  cut  in  the 
solid  walls  and  filled  with  tracery  and  glass.  It  is  hoped  that  the 
towers  and  battlements  may  recall  to  mind  and,  perhaps,  strengthen, 
the  memories  of  olden  days.  At  the  same  time  it  was  desired  to 
surround  the  athletic  field  with  a  wall,  which  was  also  done. 

The  Grand  Stand,  Athletic  Field,  and  P.artlett  Gymnasium  cover 
the  entire  block  from  Ellis  Avenue  on  the  West,  802  ft.  9  in.,  to 
Lexington  Avenue  on  the  East,  and  from  56th  Street  South.  597 
ft.  5K>  in.,  to  57th  Street.  The  Grand  Stand  is  built  on  the  Ellis 
Avenue  side,  and  is  456  ft.  long  and  99  ft.  4  in.  wide.  These  dimen- 
sions do  not  include  the  two  circular  towers  on  the  ends  or  the 
main  entrance  hay.  The  appropriation  for  the  Stand  and  Fence  was 
.$200,000,  which  ha";  not  been  exceeded. 

There  are  M  tiers  (^f  seats,  with  a  seating  capacity  of  8.800. 
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^"'l^  ?"  f"  inclined  slab.  These  tiers  vary  from  28  in.  wide  and 
121^  in.  high  at  the  bottom  of  the  Stand  to  26  in.  wide  and  14U 
in.  high  at  the  top  of  the  Stand.  These  dimensions  were  varied  so 
that  all  spectators  might  have  an  unobstructed  view  of  the  whole 


Main  Entrance  to  the  Grand  Stand. 

field  at  all  times.  A  plank  is  fastened  to  the  slab  on  the  edge  of 
he  tier  and  forms  the  seat,  while  the  space  back  of  the  plank  form^ 
the  aisle  for  the  tier  above.  The  promenade,  just  back  of  and  on 
the  level  with  the  highest  tier,  is  42  ft.  4  in.  above  the  ground  floor. 
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The  main  entrance  is  in  the  center  of  the  Stand  On  either 
side  of  the  entrance,  there  are  large  stairways  which  go  up  to 
the  promenade.  There  is  also  a  stairway  in  either  end  which  is 
continued  to  the  promenade  through  the  towers.  Between  the  end 
stairs  and  the  center  stairs  there  is  a  stairway  on  either  side  be- 
tween the  first  and  second  floors.  The  second  floor  is  21  ft.  above 
the  ground  floor,  is  40  ft.  wide,  and  extends  the  entire  length  of 
the  Stand  There  are  short  stairways  every  36  ft.  leading  from  the 
second  floor  to  the  upper  tiers  of  seats.  This  floor  serves  to  equal- 
ize the  crowds  on  the  stairways  and  also  as  a  shelter.  All  stair- 
ways are  wide  and  easy  of  ascent,  and  landings  are  provided  at 


The  I'Vonl  ut  the  L.rand   Maud  and  Corner  Tower. 

short  intervals.  There  is  a  wide  corridor  on  the  ground  floor 
through  the  center  connecting  the  entrances  at  either  end  of  the 
Stand.  All  stairways  start  from  this  corridor.  On  either  side  of 
it  are  hand-ball  courts,  racquet  courts,  offices,  team  rooms,  toilets, 
etc.  On  the  west  side  of  the  corridor  there  are  short  stairways 
every  36  ft.,  leading  to  the  lower  tiers  of  seats. 

All  floors,  walls,  beams,  slabs,  girders  and  columns  are  of  rein- 
forced concrete. 

The  construction  of  the  Stand  proper  consists  of  triangular 
beams  (formed  l)v  the  tiers  of  scats)  reinforced  in  proportion  to 
the  perpendicular  depth  of  the  beam.    A  4  in.  inclined  slab,  parallel 
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to  the  slope  of  the  seats,  is  the  base.  The  tiers  are  poured  at  the 
same  time  as  this  slab  and  these  form  the  beams  mentioned  above. 
The  typical  span  for  these  beams  is  18  ft,  2  in.,  but  the  three  center 
spans  are  26  ft.  9  in.  For  these  three  panels  the  slab  is  7  in.  deep. 
These  triangular  beams  were  figured  as  continuous. 

All  rods  are  straight ;  these  are  lapped  2  ft.  and  wired  together 
over  the  girders,  in  order  that  there  shall  be  no  weak  place  for 
an  expansion  crack.  The  negative  moment  is  provided  for  by  plac- 
ing short  bars  in  the  top  of  the  slabs  over  the  supports.  These 
bars  extend  to  the  quarter  point  of  the  span  on  either  side  of  the 
girder  and  are  of  the  same  section  as  the  main  reinforcing  rods. 


Under  the  Grand  Stand. 


I 


At  the  top  edge  of  each  tier  a  y^,  iw-  rod  runs  the  entire  length  of 
the  Stand  and  is  wired  to  the  top  reinforcement  over  all  supports. 
Three-eighths  inch  square  rods  18  in.  c.c.  were  placed  at  right  angles 
to  the  main  reinforcing  in  the  slabs. 

The  inclined  girders  supporting  the  above  beams  were  figured 
in  the  usual  way.  The  two  highest  girders  span  20  ft.  8  in.  each, 
the  next  two  15  ft.  0  in.,  and  the  lowest  one  14  ft.  1  in. 

The  stairways  in  general  are  built  upon  concrete  slabs,  but 
in  several  instances  where  the  span  is  too  large,  they  are  carried 
on  inclined  beams. 

All  walls  are  figured  as  beams,  and  loads  are  transmitted  to 
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wall  columns.  Vertical  reinforcement  is  also  provided  in  all  walls 
and  some  additional  horizontal  rods  are  inserted  to  prevent  tem- 
perature cracks.  All  reinforcing  in  walls  is  lapped  and  wired  and 
all  laps  staggered,  so  as  to  eliminate  any  weak  places  in  the  rein- 
forcement.   The  exterior  walls  are  12  in.  thick. 

In  order  to  get  the  desired  finish  for  the  exterior  walls,  the 
inside  form  was  carried  up  and  the  supports  for  the  outer  forms 
were  put  in  place.  Then  the  finished  shiplap  for  the  outer  forms 
was  nailed  in  place  for  atout  15  in.  in  height  and  a  sheet  of  metal 
placed  2  in.  back  of  it.  The  space  between  the  metal  plate 
and  the  outer  form  was  filled  with  the  wall  finish  and  well 
tamped ;  then  the  space  between  the  plate  and  the  inside  form  was 
filled  with  concrete,  after  which  the  plate  was  pulled  up  and  the 


Stairways  and   Corridor  under  the  Grand   Stand. 

concrete  tamped.  After  the  section  of  wall  being  poured  was  uj; 
to  an  even  level,  the  outer  form  was  built  15  in.  higher  and  the 
process  repeated.  The  exterior  finish  consisted  of  one  and  one- 
half  parts  cement,  four  and  one-half  parts  limestone  screenings 
(passing  a  J/2  in.  screen  and  retained  on  a  %  in.  .screen),  and  one- 
half  part  sand.  The  mixture  used  was  of  medium  consistency. 
The  finish  was  backed  up  with  a  1-2-4  limestone  concrete.  The 
wall  columns  are  18  in.  l)y  20  in.,  typical  coliuuns  18  in.  square, 
and  reinforced  aoodiding  to  the  load,  though  a  minimum  of  eight 
^4  in.  round  bars  were  used,  or  1.6%  of  the  effective  area.  Spiral 
hooping  was  used  in  all  columns.  This  was  of  >1^  in.  round  rods, 
with  a  3  in.  pitch. 
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All  girders  framing  into  columns  were  provided  with  knee 
braces,  each  knee  brace  being  reinforced. 

The  second  floor  slab  was  figured  as  a  two-way  slab,  having 
18  ft.  by  20  ft.  panels  and  a  slab  6  in.  thick.  This  method  required 
beams  in  both  directions,  serving  as  a  stififener  for  the  structure. 
These  beams  were  all  braced  wnth  reinforced  knee  braces. 

All  mouldings,  sills,  mullions,  string  courses,  copings,  tracery, 
transom  bars,  etc.,  are  of  cast  cement,  made  of  one  part  white 
cement  and  two  parts  limestone  screenings.  Openings  were  blocked 
out  in  pouring  walls  for  this  work. 


Form  Work  and  Elevating  Tower  for  Concrete  Work. 


The  same  finish  was  used  for  the  wall  as  for  the  Grand  Stand. 
The  wall  is  an  8  in.  slab,  reinforced  both  ways,  carried  on  columns, 
and  built  in  bays  averaging  15  ft.  Each  bay  has  two  large  panels 
recessed  1%  in.  The  columns  are  flush  with  the  slab  on  the  inside 
of  the  fence  and  form  a  buttress  on  the  outside.  Each  buttress  has 
a  cast  cement  cap. 

The  bottom  of  the  racquet-court  floor  construction  is  10  ft. 
Sy2  in.  below  the  first  floor  line  and  just  below  the  ground  water 
line.  A  special  effort  was  made  to  have  a  dry  floor  and  walls.  A 
12  in.  slab  reinforced  with  ^4  i"-  square  bars  both  ways  in  the  top 
of  the  slab  was  laid  on  the  soil  and  sloped  to  a  sump  in  one  corner. 
On  this  was  laid  a  layer  of  4  in.  hard-burned  hollow  partition  tile, 
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laid  flat  so  as  to  drain  to  the  sump.  Tarred  paper  was  laid  on  the 
tile  and  a  slab  varying  from  4  to  7  in.  was  poured.  This  slab  was 
also  reinforced  with  V^  in.  square  bars  12  in.  c.c.  both  ways  in  the 
top  of  the  slab.  So  far,  no  water  has  drained  into  the  sump  and 
the  floor  is  perfectly  dry. 

There  are  no  expansion  joints  in  the  building.  Every  effort 
was  made  to  place  all  steel  so  as  to  have  no  weak  places.  All  rods 
are  fully  lapped  and  wired  and  all  intersections  wired.  All  walls, 
curbs,  etc.,  are  reinforced  to  prevent  expansion  cracks,  and  to  date 
none  have  appeared.  The  only  lines  or  seams  visible  are  where  the 
pouring  of  the  concrete  was  discontinued  for  a  day  or  so. 

The  largest  girders  in  the  job  are  the  three  over  the  racquet 
court.  These  girders  span  40  ft.  and  have  a  concentrated  load  in  the 
center.  They  are  figured  as  tee  beams  and  are  42  in.  deep  with  a  28  in. 
vvcb.  The  flange  is  9  ft.  6  in.  wide,  12  in.  deep  at  the  edges,  and  18  in. 
deep  at  the  web.  There  are  twenty- four  1^4  in.  square  bars  in  the 
tension  side,  and  eight  1%  in.  square  bars  in  the  compression  side. 

The  seat  boards  are  of  2  in.  by  10  in.  Oregon  Fir,  supported 
every  4  ft.  by  galvanized  sections  of  4  in.  I  beams,  7j^  in.  long.  These 
I  beams  are  fastened  to  the  edge  of  the  tier  by  4  in.  expansion  bolts. 

A  1-2-4  limestone  concrete  was  used  throughout  the  job;  all 
floors,  stairways,  passageways  and  tiers  for  seats  were  finished  oflf 
with  a  1-2  sand  mortar  applied  as  quickly  as  possible.  For  all  w^ork 
underground,  hydrated  lime  was  used  as  a  waterproofing  medium, 
the  proportions  being  10%  of  lime  by  weight  of  cement. 

High  elastic  limit,  square,  deformed  bars  were  used  throughout 
except  for  stirrups  and  column  hooping. 

All  beams,  slabs,  and  columns  were  figured  according  to  Chi- 
cago ordinances. 

DISCUSSION. 

J.  II.  Prior,  M.  w.  s.  e.  (Chairman)  :  1  was  particularly  in- 
terested in  Mr.  Hodgdon's  statement  as  to  the  permanency  of  this 
structure  at  the  University  of  Chicago.  It  makes  me  think  that 
anything  that  appeals  to  primitive  instincts  is  liable  to  have  long  life. 

W.  C.  ^Irnistroug,  m.  w.  s.  i:.  :  I  would  like  a  little  information, 
about  the  fitting  of  those  steps  with  seats.  I  understand  they  were 
poured  at  the  same  time  as  the  slab  underneath.  How  were  the 
forms  for  the  stcjis  made  and  supported  when  the  slab  was  con- 
structed underneath?  Am  I  right  in  the  statement  that  they  were 
all  j)()urcd  at  the  same  time? 

.\[r.  Iltxii^doit:  Yes.  you  are  correct  in  your  understanding  as 
tf)  the  pouring.  When  the  riser  for  the  steps  was  placed,  we  .set 
pegs  (l<nvn  into  the  slab  as  that  was  poured  to  keep  the  tread  front 
moving.  It  was  a  diflirult  thing  to  do,  and  the  people  who  built  the 
Harvard  Stadium  said  it  could  not  be  done. 
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Mr.  Armstrong:  Those  supports  go  down  through  the  slab,  I 
suppose,  and  are  removed  afterwards. 

Mr.  Hodgdon:  Yes,  after  the  concrete  had  set  about  a  day,  the 
supports  were  removed,  and  the  holes  filled. 

L.  J.  MenscJi:  I  do  not  think  it  good  practice  to  wire  the  rods 
together. 

/.  F.  Brown:  How  long  were  the  forms  left  on  the  concrete 
before  stripping  them  oflF,  and  how  long  a  time  elapsed  after  the 
stripping  before  the  edifice  was  used? 

Mr.  Hodgdon:  I  do  not  remember  how  long  the  forms  were 
on  the  concrete  before  stripping,  but  three-fifths,  or  perhaps  four- 
fifths  of  the  Stand  was  used  for  the  football  game  just  before 
Thanksgiving.  The  last  photograph  was  taken  December  6th.  The 
Stand  was  used  really  while  it  was  under  construction. 

Wirt  F.  Smith,  Assoc,  w.  s.  e.  :  Do  the  feet  of  the  spectators 
rest  on  the  concrete  or  on  a  separate  plank?  I  had  the  pleasure 
of  witnessing  a  very  enjoyable  football  game  in  the  Harvard  Stad- 
ium, but  my  feet  were  on  the  concrete  and  the  discomfort  experi- 
enced made  me  almost  forget  to  enjoy  the  game. 

Mr.  Hodgdon:  Well,  your  feet  would  be  on  the  cold  concrete 
here,  but  you  had  to  sit  on  the  cold  concrete  at  Harvard. 

Mr.  Smith:    No,  there  were  loose  planks  on  the  concrete. 

Ernest  McCullough,  m.  w.  s.  e.  :  I  was  interested,  in  the  work 
described  tonight,  to  see  how  great  pains  were  taken  to  buck  nature 
in  regard  to  the  effects  of  temperature  upon  a  structure  of  that 
kind.  The  author  does  not  seem  to  be  very  enthusiastic  over  the  last- 
ing qualities  of  concrete,  because  of  the  effects  of  temperature  upon 
concrete  Stadia  previously  erected  by  other  institutions.  I  think 
he  has  every  reason  to  be  dubious  about  the  appearance  of  this 
structure  15  or  20  years  from  now,  and  perhaps  sooner. 

We  do  not  know  as  much  about  the  effects  of  temperature  on 
concrete  as  we  should — we  are  learning  all  the  time — but  we  do 
know  there  is  practically  an  irresistible  force  exerted  by  temperature 
upon  massive  structures,  and  it  is  only  good,  hard-headed,  common 
sense  to  give  nature  a  little  chance  to  move  ajound.  I  believe  it  is 
not  possible  for  us  to  erect  a  structure  of  that  magnitude  and  put 
in  enough  steel  to  take  care  of  temperature  stresses  so  it  will  be 
free  from  cracking.    The  committees  on  surface  treatments  of  con- 

I Crete  in  various  organizations  have  reported  that  all  concrete  will 
crack.  We  know  that.  The  only  reason  finely  finished  concrete 
seems  to  crack  most  is  that  the  surface  is  ideal  to  indicate  cracks. 
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Concrete,  which  is  coarser  in  texture,  probably  cracks  just  as  much 
as  any,  but  it  has  a  surface  not  so  well  fitted  to  show  it. 

On  the  structure  recently  erected  for  the  University  of  Chi- 
cago, I  believe  the  architects  and  engineers  in  charge  were  very 
greatly  in  fault  when  they  attempted  to  overcome  the  effects  of 
temperature  upon  the  massive  structure  by  supplying  an  immense 
amount  of  steel.  They  could  just  as  easily  have  provided  some 
kind  of  unit  construction  and  allowed  the  units  some  play. 

A  large  number  of  buildings  have  been  erected  all  over  the 
country  with  monolithic  roofs,  but  those  roofs  are  gradually  get- 
ting into  bad  condition.  Numbers  of  men  who  advocate  mono- 
lithic roofs  advise  som.e  sort  of  composition  covering,  and  a  great 
manv  are  putting  up  roofs  with  small  slabs  on  top,  simply  because 
of  the  expansion  and  contraction,  to  guard  against  which  they  do 
not  seem  to  be  able  to  supply  enough  steel. 

In  sidewalks  there  has  been  controversy  over  the  effects  of 
temperature.  When  I  was  building  sidewalks,  as  a  superintendent 
of  construction  for  a  concrete  company,  we  would  run  in  half  a 
mile  of  sidewalks  without  an  expansion  joint.  They  would  go  per- 
haps three  years  without  a  crack,  and  then  would  crack  in  a  night. 
Tt  may  be  shrinkage  stress  rather  than  expansion  stress,  but  we  do 
know  however  concrete  is  made,  sooner  or  later  the  effect  of  tem- 
perature will  be  manifested,  and  enough  steel  cannot  be  used  to 
take  care  of  it.  If  steel  is  put  too  near  the  surface  the  difficulty 
is  increased,  for  then  cracks  appear ;  moisture  gets  in  to  rust  the 
steel  and  it  expands. 

Mr.  Prior:  The  Monadnock  building  is  600  ft.  long  and  T 
know  of  no  expansion  joints. 

Mr.  Hodgdon:  In  regard  to  expansion  cracks,  in  the  Stadium 
at  Syracuse,  expansion  joints  were  placed,  I  think,  every  30  ft., 
and  that  has  cracked  wherever  it  pleased.  In  the  University  Stad- 
ium we  decided  to  eliminate  the  expansion  joints. 

/.  F.  Stern,  m.  w.  ?.  e.  :  T  was  interested  in  exactly  the  same 
point  Mr.  McCullough  mentioned,  regarding  the  effect  of  expan- 
sion and  contraction.  In  building  retaining  walls  for  the  track 
elevation  in  Chicago,  we  tried  to  take  care  of  that  matter  and  keep 
the  walls  from  cracking.  We  usually  built  dovetailed  joints  every 
32  ft.  We  would  build  the  retaining  wall  in  alternate  sections  so 
as  to  give  each  section  a  chance  to  "^et  before  the  next  section  would 
be  built  and  then  have  a  tar  paper  joint  or  some  other  device  for 
maintaining  each  section  separate  from  the  other.  We  did  not  use 
reinforcement,  as  these  were  gravity  walls.  Tt  has  been  my  experi- 
ence that  even  in  those  cases  the  concrete  will  crack  intermediately 
between  the  32  ft.  joints. 
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I  am  inclined  to  agree  with  Mr.  McCullough  in  thinking  they 
are  liable  to  have  considerable  trouble  with  the  University  of  Chi- 
cago wall,  because  in  practically  all  walls  of  any  length,  when  you 
get  over  100  ft.  with  expansion  joints  and  with  reinforcing  joints, 
cracking  occurs.  I  think  it  will  be  very  interesting  to  look  at  that 
wall  about  ten  years  from  now  and  find  out  whether  the  designer 
of  that  time  will  point  to  it  as  a  horrible  example  of  what  was  done 
and  what  to  avoid. 

Mr.  Prior:  In  the  matter  of  expansion,  I  notice  that  Mr.  Stern 
selected  an  example  where  the  expansion  would  take  place  in  a 
straight  line  in  one  direction.  It  is  easy  to  predict,  on  a  longi- 
tudinal wall,  that  a  joint  substantially  at  right  angles  to  the  face 
would  take  up  most  of  the  expansion.  In  a  complicated  structure, 
however,  in  which  the  place  to  put  a  joint  would  be  at  every  im- 
portant point  of  stress  caused  by  temperature,  in  a  structure  like 
that  just  described  by  Mr.  Hodgdon,  the  proper  location  of  expan- 
sion joints  is  a  difficult  matter. 
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Minutes  of  the  Meetings. 

Extra  Meeting,  December  29,  1913. 

An  extra  meeting  of  the  Society  (No.  843),  a  joint  meeting  of  the 
Electrical  Section,  W.  S.  E.  and  the  Chicago  Section,  A.  I.  E.  E.,  was  held 
Monday  evening,  December  29,  1913.  The  meeting  was  called  to  order  at 
8:30  p.  m.,  by  Mr.  R.  F.  Schuchardt,  chairman,  with  about  40  members 
and  guests  in  attendance.  The  minutes  of  the  previous  meeting  were  ap- 
proved without  reading  as  they  had  been  printed  in  the  Journal. 

The  following  nominations  for  officers  of  the  Electrical  Section  for  1914 
were  made : 

Chairman    F.  J.  Postel 

Vice  Chairman    H.  M.  Wheeler 

Member  Executive  Committee  E.  W.  Allen 

,  r    J.  R.  Cravath, 

Petition   signed   by  ■]    R.  F.  Schuchardt, 
(    Wm.  B.  Jackson. 

Mr.  H.  W.  Young  was  introduced,  who  presented  his  paper,  "Moderate 
Capacity  Outdoor  High  Tension  Sub-Stations."  Many  lantern  slide  views 
were  shown  in  explanation  of  the  paper.  Discussion  followed  from  O. 
Wingard,  E.  W.  Allen,  L.  L.  Perry,  Wm.  B.  Jackson,  H.  B.  Gear,  J.  R.  Cra- 
vath, L.  N.  Boisen,  F.  C.  Van  Etten,  M.  G.  Lloyd,  and  D.  W.  Roper,  with 
replies  and  explanations  from  Mr.  Young. 

Meeting  adjourned  at  9:50  p.  m. 

Annual  Meeting,  January  7,  1914. 

The  Forty- fourth  Annual  Meeting  of  the  Society  (No.  S44)  was  held 
Wednesday  evening,  January  7,  1914,  in  the  Red  Room,  Hotel  La  Salle, 
Chicago.  The  meeting  was  the  most  largely  attended,  and  was  a  very  suc- 
cessful meeting.  The  annual  dinner  was  served  about  7  p.  m.,  with  264  in 
attendance,  including  many  guests.  At  the  Speakers'  Table  were  seated  the 
toastmaster,  Dr.  Edwin  H.  Lewis,  President  Albert  Reichmann  and  Presi- 
dent-elect E.  H.  Lee,  the  speakers  for  the  evening;  Dean  Mortimer  E.  Cooley, 
of  .^nn  Arbor,  Mich.,  and  Mr.  S.  E.  Kiser,  of  Chicago;  also,  Past  Presidents 
.Andrews  Allen,  J.  W.  Alvord  and  O.  P.  Chamberlain.  After  the  dinner 
had  been  eaten,  the  President  called  on  the  Secretary  for  an  abstract  of  his 
annual  report.  This  will  be  found  elsewhere  in  this  Jourx.\l.  The  President 
then  made  his  address  in  which  he  stated  the  results  of  the  recent  election 
of  officers  of  the  Society.  Mr.  Reichmann  then  introduced  Mr.  E.  H.  Lee,  as 
President  of  the  Society  for  the  current  year.  Mr.  Lee  made  an  appropriate 
response  and  introduced  Dr.  E.  H.  Lewis,  of  Lewis  Institute,  as  toastmaster. 
Dean  Mortimer  E.  Cooley,  the  principal  speaker  for  the  evening,  addressed 
the  meeting  on  "Factors  Determining  a  Reasonable  Charge  for  Public  Utility 
Service."  Mr.  S.  E.  Kiser  followed  with  a  witty  speech  which  was  called 
"Alternating  Currents." 

During  the  evening  a  telegram  was  received  by  the  Secretary  from  Past 
President  Bion  J.  Arnold,  at  Denver,  Colo.,  tendering  his  congratulations 
and  best  wishes  to  President  E.  H.  Lee  and  the  Board  of  Direction,  and 
regretting  jiis  inability  to  be  present. 

The  meeting  adjourned  about  11   p.  m. 

Extra  Meeting,  January  8,  1914. 
An  extra  meeting  (No.  845),  a  smoker,  was  held  Thursday  evening  in 
the  Society  rooms,  which  was  well  attended.  President  Lee  made  some 
interesting  remarks  alxmt  the  Society,  its  function,  and  the  necessity  of  more 
sociability  and  good  fcllowshij)  among  the  members.  He  told  some  good 
stories  and  called  on  those  present  to  do  the  same.    Music  was  supplied  from 
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time  to  time  by  an  Edison  graphophone.    Refreshments  were  served  and  all 
present  seemed  to  have  enjoyed  themselves. 
Meeting  adjourned  about  11  p.  m. 

Extra  Meeting,  January  12,  1^14. 

An  extra  meeting  (No.  846)  was  held  Monday  evening,  January  12,  1914.' 
This  was  the  annual  meeting  of  the  Bridge  and  Structural  Section,  and  was 
called  to  order  at  8  :20  p.  m.  by  President  Lee.  The  Secretary  announced  that 
an  election  was  in  order  for  members  of  the  Executive  Committee  of  the 
Section,  and  that  at  the  last  preceding  meeting,  held  December  8,  1913  nomi- 
nations had  been  made  for  Chairman,  Vice-Chairman  and  members  'of  the 
Executive  Committee.  Ballots  were  cast  and  the  results  of  the  canvass  of 
these  showed  that  J.  H.  Prior  was  elected  Chairman,  J.  W.  Musham  was 
elected  Vice-Chairman,  and  that  E.  N.  Layfield  and  H.  C.  Lothholz  were 
sleeted  members  of  the  Executive  Committee.  The  retiring  chairman,  I.  F. 
Stern,  is  also  a  member  of  this  committee. 

Mr.  W.  M.  Wilson,  M.  W.  S.  E.,  was  then  introduced,  who  read  his 
paper  (with  lantern  slide  illustrations)  on  "Movable  Bridges."  As  the  hour 
was  rather  late  when  this  was  concluded,  Mr.  F.  G.  Vent  offered  a  motion 
that  discussion  of  the  paper  be  postponed  until  some  subsequent  meeting. 
The  motion  was  carried. 

Meeting  adjourned  about  10  :4o  p.  m. 

Extra  Meeting,  January  ig,  1914. 

An  extra  meeting  (No.  847),  being  the  annual  meeting  of  the  Hydraulic, 
Sanitary  and  Municipal  Section,  was  held  Monday  evening,  January  19,  1914. 
The  meeting  was  called  to  order  by  Chairman  Langdon  Pearse  at  8  :15  p.  m., 
with  about  60  members  and  guests  in  attendance. 

The  chairman  announced  that  nominations  for  members  of  the  Executive 
Committee  for  1914,  were  in  order.    Nominations  were  made  as  follows: 

Chairman  W.  D.  Gerber 

Vice-Chairman    , G.   C.   D.   Lenth 

Members  of  Executive  Committee W.  W.  DeBerard  and  Douglas  Graham 

These  were  duly  elected  with  Langdon  Pearse  as  a  hold-over  member 
of  the  committee.  Mr.  J.  W.  Alvord  was  then  introduced,  who  addressed 
the  meeting  on  '"The  Engineering  Lessons  from  the  Ohio  Floods."  This  was 
illustrated  by  many  lantern  slide  view^s. 

Discussion  followed  from  Messrs.  Langdon  Pearse,  F.  E.  Davidson,  G. 
C.  D.  Lenth,  J.  W.  Alvord,  B.  E.  Grant,  W.  W.  DeBerard,  F.  J.  Postal,  and 
others. 

Meeting  adjourned  at  10:15  p.  m. 

Extra  Meeting,  January  26,  1914. 

An  extra  meeting  of  the  Society  (No.  848),  a  joint  meeting  of  the 
Electrical  Section,  W.  S.  E.,  and  the  Chicago  Section,  A.  L  E.  E.,  was  held 
Monday  evening,  January  26,  1914.  The  meeting  was  called  to  order  at 
8 :20  p.  m.,  R.  F.  Schuchardt  presiding,  and  with  a  very  large  attendance, 
estimated  at  nearly  300.  The  Chairman  announced  that  the  election  of  three 
members  of  the  Executive  Committee  was  in  order  and  that  nominations 
for  these  had  been  made  at  the  previous  meeting.  The  Secretary  read 
their  names  as  follows  : 

F.  J.  Postel Chairman 

H.   M.  Wheeler Vice-Chairman 

E.  W.  Allen Member  for  3  years 

The  Secretary,  by  vote,  was  requested  to  cast  the  ballot  for  these 
Dfficers.  The  hold-over  members  of  this  Executive  Committee  are  G.  T. 
Seely,  for  1  year,  and  P.  B.  Woodworth,  for  2  years. 

President  E.  H.  Lee  was  introduced,  who  made  a  short  address.  Mr. 
B.  J.  Arnold  was  then  introduced,  who  addressed  the  meeting  on  "City 
Transportation,  Subways  and  Railroad  Terminals,"  with  lantern  slide  illus- 
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trations.  There  was  some  discussion  and  some  questions  were  asked  of 
Mr.  Arnold  by  Messrs.  Fowler,  Lyman,  Davidson,  Bement,  Lake,  Brooks, 
Lenth,  Vent,  and  others. 

Meeting  adjourned  at  10:55  p.  m.,  after  a  vote  of  thanks  had  been 
tendered  Mr.  Arnold, 

J.  H.  WARDER, 

Secretary. 
ANNUAL  REPORTS. 

Secretary's  Report. 

Chicago,   January   7,   1914. 
To  the  Board  of  Direction,  Western  Society  of  Engineers,  Chicago: 

Gentlemen: — Of  the  affairs  of  the  Society  for  the  year  1913  I  beg  to 
report  that  they  have  been  fairly  satisfactory,  with  a  growth  in  membership 
greater  than  in  either  of  the  preceding  two  years. 

New  members  to  the  number  of  116  were  added  to  the  Society  during 
1913,  but  there  were  some  resignations,  (6)  deaths,  and  others  were  dropped 
for  non-payment  of  dues,  which  lessened  the  actual  increase  of  membership 
to  85. 

The  membership  of  the  Society,  December  31,  1913,  was  as  follows: 

Honorary  Members    3 

Members    781 

Associate   Members    238 

Junior  Members    153 

Affiliated  Members  47 

Student  Members   26 

Total  membership    1,248 

The  following  have  been  removed  from  among  us  by  death : 

J.  W.  Crissey,  admitted  March  17,  1896;  died  March  7,  1013. 

M.  H.  Dance,  admitted  August  5,  1908;  died  December  12,  1912. 

James  W.  Johnson,  admitted  January  10,  1912;  died  January  14,  1913. 

Rudolph  Link,  admitted  November  5,  1895;  died  December  18,  1913. 

Oscar  Sanne,  admitted  March  1,  1898;  died  April  4,  1913. 

R.  B.  Seymour,  admitted  December  30,  1890;  died  January  14,  1913. 

Meetings  of  the  Society  or  of  the  Sections  have  been  held  generally  on 
Monday  evenings,  except  in  July  and  August,  and  these  amounted  to  38,  as 
follows : 

Wednesday,  January  8,  1913  (No.  806),  the  annual  meeting  and  dinner 
at  the  Hotel  Sherman,  with  addresses  from  the  retiring  president,  Mr.  W.  C. 
Armstrong,  and  from  the  incoming  president,  Mr.  Albert  Reichmann ;  also 
from  Judge  C.  S.  Cutting,  Dr.  Emory  R.  Johnson  and  Dr.  C.  B.  Strouse. 

Thursday,  January  9  (No.  807),  a  smoker  in  the  Society  rooms  with  a 
diversified  entertainment  and  refreshments. 

Monday,  January  13  (No.  808),  a  meeting  of  the  Bridge  and  Structural 
Section.  Mr.  A.  C.  Janni,  of  St.  Louis,  presented  his  paper,  "Design  of  an 
Arch  System  by  the  Method  of  the  Ellipse  of  Elasticity." 

Monday,  January  20  (No.  809),  a  meeting  of  the  Hydraulic  Sanitary 
and  Municipal  Section.  Mr.  Edward  Hines,  of  Detroit,  Mich.,  addressed  the 
meeting  on  "Concrete  Roads." 

Monday,  January  27  (No.  810),  a  joint  meeting  of  the  Electrical  Sec- 
tion, W.  S.  E.,  and  the  Chicago  Section,  A.  L  E.  E.  Mr.  B.  G.  Lamme  of 
Pittsburg  addressed  the  meeting  on  "The  Desirability  of  Revising  the  Rating 
and  Methods  of  Testing  Electrical  Apparatus." 

Monday,  February  3  (No.  811),  regular  meeting.  Mr.  Jarvis  Hunt  pre- 
sented "A  Proposed  Central  Passenger  and  Freight  Terminal  for  Chicago 
Railroads." 

Monday,  February  10  (No.  812),  a  meeting  of  the  Bridge  and  Structural 
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Section.  The  paper  by  Mr.  Edward  Godfrey  on  "Railroad  Bridge  Design  in 
Europe  and  America  Compared"  was  read  by  the  Secretary. 

Monday,  February  17  (No.  813),  an  extra  meeting.  Mr.  Roderick  Peattie 
read  his  paper  on  "The  Topography  of  the  Bed  Rock  Under  Chicago." 

Monday,  February  24  (No.  814),  a  joint  meeting  of  the  Electrical  Sec- 
tion, W.  S.  E.,  and  the  Chicago  Section,  A.  I.  E.  E.  Mr.  L.  B.  Andrus  pre- 
sented his  paper  on  "The  Application  of  Synchronous  Motors  to  a  Water 
Power  Transmission  System  for  the  Betterment  of  Service  Standards." 

Monday,  March  3  (No.  815),  regular  meeting.  Mr.  Paul  Hansen  ad- 
dressed the  Society  on  "Improvements  of  Waterworks  Management."  There 
was  also  a  Topical  Discussion  on  "The  Legal  Status  of  the  Engineer." 

Monday,  MarcK^  10  (No.  816),  a  meeting  of  the  Bridge  and  Structural 
Section.  Prof.  F.  O.  Dufour  presented  "Some  Experiments  on  Highway 
Bridges  Under  Moving  Loads." 

Monday,  March  17  (No.  817),  a  social  meeting  and  a  smoker.  Mr.  W. 
R.  Patterson  showed  by  lantern  slide  views  "The  Present  Condition  of  Work 
on  the  Panama  Canal." 

Monday,  March  24  (No.  818),  a  joint  meeting  of  the  Electrical  Section, 
W.  S.  E.,  and  Chicago  Section,  A.  L  E.  E.  Mr.  Halford  Ericson,  of  Madison, 
Wisconsin,  addressed  the  meeting  on  "The  Regulation  and  Enforcement  of 
Public  Utility  Laws." 

Monday,  March  31  (No.  819),  a  social  meeting  and  "smoker."  Prof. 
R.  D.  Salisbury,  University  of  Chicago,  gave  an  illustrated  lecture  on  Pata- 
gonia. 

Monday,  April  14  (No.  820),  a  meeting  of  the  Bridge  and  Structural 
Section.  Prof.  O.  H.  Basquin  presented  his  paper  on  "Columns"  for  further 
discussion. 

Monday,  April  21  (No.  821),  a  meeting  of  the  Hydraulic  Sanitary  and 
Municipal  Section.  Messrs.  Geo.  L.  Thon  and  L.  R.  Howson  presented  their 
paper  on  "The  Safe  Yield  of  a  Water  Shed" ;  and  Mr.  S.  A.  Greeley  read 
his  paper,  "A  Brief  Discussion  of  Rainfall  and  Its  Runoff  Into  Sewers." 

Monday,  April  28  (No.  822),  a  joint  meeting  of  the  Electrical  Section, 
W.  S.  E.,  and  the  Chicago  Section,  A.  I.  E.  E.  Mr.  Ralph  D.  Mershon,  Presi- 
dent, A.  I.  E.  E.,  addressed  the  meeting  on  "The  Value  of  Joint  Meetings"; 
also  on  "The  Necessity  of  Reorganization  of  the  U.  S.  Patent  Office  and  of 
Correcting  the  Present  Practice." 

Monday,  May  5  (No.  823),  regular  meeting.  Mr.  W.  H.  Radcliffe  read 
his  paper  on  "The  Erection  of  the  Municipal  Bridge  at  St.  Louis." 

Monday,  May  12  (No.  824),  extra  meeting.  Mr.  Geo.  S.  Rice  read  his 
paper,  "A  Suggested  Method  of  Preventing  Rock  Slides." 

Monday,  May  19  (No.  825),  a  meeting  of  the  Hydraulic,  Sanitary  and 
Municipal  Section.  Mr.  John  Ericson,  City  Engineer,  read  his  paper  on  "The 
Chicago  Water  Works." 

Monday,  May  26  (No.  826),  a  joint  meeting  of  the  Electrical  Section. 
W.  S.  E.,  and  the  Chicago  Section,  A.  I.  E.  E.  A  paper  by  Mr.  Leo  Dolkart 
on  "Cost  Systems  in  Electrical  Contracting"  was  read  by  the  Secretary. 

Monday,  June  2  (No.  827),  regular  meeting.  Mr.  Henry  Kreisinger  pre- 
sented a  paper  by  himself  and  Mr.  W.  T.  Ray  on  "The  Adaptation  of  Boiler 
Furnaces  to  Available  Coals." 

Monday,  June  9  (No.  828),  a  meeting  of  the  Bridge  and  Structural  Sec- 
tion. Mr.  W.  T.  Curtis  presented  his  paper,  "Doubling  the  Load  Capacity 
of  an  Old  Iron  Viaduct." 

Monday,  June  16  (No.  829),  extra  meeting.  Messrs.  C.  W.  Boynton 
and  J.  H.  Libberton  presented  their  paper,  "Decorative  Possibilities  of  Con- 
crete." 

Monday,  June  23  (No.  830),  a  social  meeting  and  Ladies'  Night.  Mr. 
Wm.  H.  Shuey  gave  an  illustrated  lecture,  "An  Amateur  Photographer's  Story 
of  a  Cruise  Around  the  World." 

Monday,  September  8  (No.  831),  regular  meeting.  Mr.  O.  P.  Chamber- 
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lain    presented    by   abstracts   sundry    papers   and    reports    on    "Subways    for 
Chicago." 

Monday,  September  15  (No.  832),  a  social  meeting.  Mr.  Charles  Truax 
gave  an  illustrated  lecture  on  "The  Yellowstone  National  Park." 

Monday,  October  6  (No.  8.33),  regular  meeting.  A  paper  by  Mr.  T.  V. 
Salt  on  "The  Manufacture  of  By-Product  Coke"  was  read  by  Mr.  H.  B. 
Kirkpatrick  in  the  absence  of  the  author. 

Monday,  October  13  (No.  834),  a  meeting  of  the  Bridge  and  Structural 
Section.  Mr.  Charles  Hodgdon,  architect,  read  his  paper  on  "The  Grand 
Stand  of  the  .Athletic  Field  of  the  University  of  Chicago." 

Monday,  October  20  (No.  83.5),  a  meeting  of  the  Hydraulic,  Sanitary 
and  Municipal  Section.  Dr.  Edward  Bartow  and  Mr.  Paul  Hansen  pre- 
sented their  joint  paper  on  "Water  Purification  in  Illinois." 

Wednesday,  October  29  (No.  836),  a  joint  meeting  of  the  Electrical 
Section,  W.  S.  E.,  and  the  Chicago  Section,  A.  I.  E.  E.,  held  in  Fullerton 
Hall,  The  Art  Institute.  Dr.  Charles  P.  Steinmetz  presented  his  paper,  "In- 
stability of  Electric  Circuits." 

Monday,  November  3  (No.  837),  regular  meeting.  Prof.  J.  F.  Hayford 
addressed  the  meeting  on  "Measuring  the  Earth." 

Monday,  November  24  (No.  838),  a  joint  meeting  of  the  Electrical  Sec- 
tion, W.  S.  E.,  and  the  Chicago  Section,  A.  I.  E.  E.  Mr.  L.  B.  Andrus  pre- 
sented his  paper,  "Testing  of  Horizontal,  Lowhead,  Water  Turbines  at  Elk- 
hart, Indiana." 

Monday,  December  1  (No.  839),  regular  meeting.  Mr.  J.  W.  Pearl 
presented  his  paper  on  "Retaining  Walls." 

Monday,  December  8  (No.  840),  a  meeting  of  the  Bridge  and  Structural 
Section.  Prof.  Albert  Smith  presented  his  paper,  "Wind  Loads  on  Buildings 
with  Report  of  Tests." 

Monday,  December  15  (No.  841),  extra  meeting.  Mr.  Meyer  J.  Sturm 
addressed  the  meeting  on  "Ventilation." 

Wednesday,  December  17  (No.  842),  Mr.  Franklin  H.  Wentworth,  of 
Boston,  addressed  the  meeting  on  "A  Campaign  to  Prevent  Fire." 

Monday,  December  29  (No.  843),  a  joint  meeting  of  the  Electrical  Sec- 
tion, W.  S.  E.,  and  the  Chicago  Section,  A.  I.  E.  E.  Mr.  H.  W.  Young 
pre.sented  his  paper  on  "Moderate  Capacity,  Outdoors,  High  Tension,  Sub- 
stations." ' 

Tlic  JouRN.M.  OF  TiiE  SociETY  was  published  monthly  during  1913,  except 
during  July  and  August.  Tlie  ten  numbers  aggregate  1,026  pages  of  reading 
matter  exclusive  of  index  and  table  of  contents.  Advertisements  have  also 
been  printed,  amounting  to  about  250  pages  for  the  year. 

J.  H.  W.\RDER,  Sec'y- 

Librarian's  Report. 

To  the  Board  of  Direction,  Western  Society  of  Engineers,  Chicago. 

Gentlemen  :  The  Librarian  begs  to  report  for  1913,  that  there  has  been 
a  constant  growth  in  the  library  and  in  its  use  by  our  members  and  visitors. 

The  additions  to  our  bf)oks  amount  to  342  volumes.  These  came  by  pur- 
chase (at  a  cost  price  of  $72.54),  as  gifts,  and  as  exchange  periodicals  bound 
by  the  Society. 

An  important  piece  of  work  has  been  done  this  past  year  in  classifying 
and  listing  a  large  number  of  pamphlets  of  engineering  interest,  amounting 
to  nearly  1,G00  pieces.  A  card  list  of  these  has  been  prepared,  making  them 
available. 

In  this  work  a  large  number  of  pamphlets  were  weeded  out  as  unneces- 
sary or  a  duplication  of  what  can  be  found  elsewhere. 
Very  respectfully  yOurs, 

J.  H.  Warder,  Librarian. 
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Financial  Statement  for  Year  1913. 

CASH. 

Balance  in  bank,  January  1,  1913 $     481.41 

Petty  Cash   75.00 

$      556.41 

Receipts: 

Members'   dues  and  subscriptions 12,045.60 

Entrance  fees    1,354.50 

Subscriptions    (non-members)    292.12 

Advertising    2,709.50 

Sales  of  Journals 129.35 

Interest    883.61 

Rentals     669.50 

Badge  pins   107.50 

Miscellaneous  857.16 

19,048.84 

$19,605.25 
Disbursements: 

Salaries    6,451.53 

Journal    3,490.88 

House  expense  3,879.24 

General  printing  1,072.35 

Stationery,  postage  and  exchange 972.79 

Library    316.21 

Furniture  and  fixtures 152.72 

Investments   2,069.86 

Miscellaneous    178.25 

18,583.83 

Balance  in  bank  and  on  hand  Dec.  31,  1913 1,021.42 

$19,605.25 
Income:  operation. 

Journal  : 

Advertising  $3,393.43 

Members'  subscriptions   2,288.08 

Subscriptions   (non-members)    376.86 

Sales  of  Journals  129.35 

$  6,087.72 

Entrance  fees 1,344.50 

Members'  dues    10,054.07 

Rentals    669.50 

Interest    694.07 

$18,849.86 

Expense: 
Journal : 

Salaries    $3,301.98 

Printing,  engraving,  etc 3,451.01  • 

6,752.99 

Office  salaries    3,014.28 

House  expense   3,590.36 

General  printing  774.96 

Stationery,  postage  and  exchange 979.64 

Depreciation   and   insurance 807.88 

15,920.11 

Proft  and  loss    2,929.75 

$18,849.86 
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Assets: 

Cash    $  1,021.42 

Accounts  receivable   4,159.44 

Investments  in  bonds,  etc 13,573.44 

Accrued  interest  on  investments 314.98 

Furniture  and  fixtures  1,479.99 

Library    8,581.04 

Journals    200.00 

Pins  and  certificates  on  hand 61.54 

New  quarters   2,961.10 

Premiums,  unexpired  insurance 299.84 

Liabilities: 

Accounts  payable    $  1,601.20 

Chanute  medal  fund  974.50 

Dues  and  subscriptions  prepaid 144.19 

Surplus    29,932.90 

$32,652.79     $32,652.79 
J.  H.  Warder,    Secretary.  C.  R.  Dart,  Treasurer. 

Report  of  the  Chanute  Medal  Awards. 

January  1,  1914. 
To  The  Board  of  Direction,  Western  Society  of  Engineers. 

Gentlemen : — Your  committee  appointed  to  make  recommendations  as  to 
the  award  of  the  Chanute  Medal  has  been  delayed  by  the  fact  that  the  papers 
presented  do  not  readily  fall  into  the  classes  of  civil,  mechanical  and  elec- 
trical engineering,  which  have  been  heretofore  recognized,  but  in  view  of 
previous  rulings  of  the  Board  as  to  the  basis  upon  which  these  awards  are  to 
be  made,  supplemented  by  the  special  instructions  given  by  the  Board  on 
request  of  this  committee,  the  recommendation  is  made  that  the  medals  be 
awarded  as  follows : 

To  Onward  Bates  for  his  paper  on  "Arbitration,"  which  we  place  in  the 
classification  "General  Engineering." 

To  D.  W.  Mead  for  his  paper  on  "The  Cause  of  Floods  and  the  Factors 
that  Influence  Their  Intensity"  under  the  classification  of  "Civil  Engineering." 

To  W.  L.  Abbott  for  his  paper  on  "The  Northwestern  Station  of  the 
Commonwealth  Edison  Company"  under  the  classification  of  "Mechanical 
and  Electrical  Engineering." 

Respectfully  submitted, 

{E.  N.  Layfield, 
E.  H.  Bangs, 
C.  Kemble  Baldwin, 

Committee. 
Report  of  the  Judges  of  Election. 

Chicago,  January  2,  1914. 
I'he  undersigned  judges  of  election,  having  canvassed  the  ballots  cast  for 

officers  of  the  Western   Society  of  Engineers   for  the  year  1914,  have  the 

honor  to  report  as  follows : 

Total    number    of   votes    cast 480 

Number  of  ballots  rejected  as  irregular 14 

Number  rejected  as  not  qualified  to  vote  on  account  of  non-payment  of 
dues   6 

Total  number  of  ballots  counted 460 

Number  of  votes  cast  for  President: 

T.  L.  Condron   158 

Wm.  B.  Jackson  Ill 

E.  H.  Lee  ..'..'.'..'.'.'...'.'.'.'.'.'.'.'..['.'.['.'.['.  !l87 
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Number  of  votes  for  First  Vice-President: 

B.  E.  Grant   226 

E.  N.  Layfield   206 

Number  of  votes  cast  for  Second  Vice-President: 

H.  J.  Burt   165 

Ernest  McCulIough   174 

I.  F.  Stern   Ill 

Number  of  votes  cast  for  Third  Vice-President : 

G.  F.  Gebhardt 410 

Number  of  votes  cast  for  Trustee  for  three  years : 

H.  S.  Baker  247 

C.  D.  Hill  179 

Number  of  votes  cast  for  Treasurer: 

C.  R.  Dart  423 

Respectfully   submitted, 

(     Chas.  Stewart, 
(Signed)  ]     J.  H.  Heuser, 
(     E.   B.  Wilson 

Judges  of  Election. 

ADDRESS  OF  RETIRING  PRESIDENT  ALBERT  REICHMANN 
Members  of  the  Western  Society  of  Engineers,  and  Guests: 

Last  year  at  this  time  I  was  foolish  enough  to  believe  that  I  could 
become  an  orator  in  the  course  of  a  year.  I  soon  learned  that  orators, 
like  poets,  are  born  and  not  made,  and  inasmuch  as  the  Secretary  could 
not  possibly  spare  the  time  to  write  my  address  for  me,  I  was  obliged 
to  depend  upon  myself. 

You  have  heard  the  report  of  the  Secretary.  Considering  that  last 
year  was  the  unlucky  thirteen,  and  that  business  generally  was  not  over 
prosperous,  I  think  that  we  can  feel  fairly  satisfied  with  the  increase  in 
membership  and  condition  of  the  Society's  finances.  I  take  occasion  here 
to  express  my  deep  appreciation  to  the  members  of  the  Board  of  Direc- 
tion and  the  various  committees  who  have  so  nobly  assisted  and  sup- 
ported me  during  my  term  of  office. 

I  believe  our  Journal  is  becoming  better  each  year,  due  largely  to  the 
untiring  efforts  on  the  part  of  our  Publication  Committee. 

It  afifords  me  pleasure  to  announce  that  the  Octave  Chanute  Medal 
has  been  awarded  for  the  three  best  papers  presented  during  the  year  1912, 
as  follows : 

Mechanical  and  Electrical  Engineering. 
Mr.    W.    L.    Abbott— "The    Northwest    Station    of    the    Commonwealth 

Edison  Company." 

General   Engineering. 
Mr.  Onward  Bates — "Arbitration." 

Civil  Engineering. 
Mr.  D.  W.  Mead— "The  Cause  of  Floods  and  the  Factors  that  Influence 

Their  Intensity." 

Some  of  our  members  may  not  know  that  a  committee  of  rnembers 
of  this  Society  has  been  in  existence  for  about  ten  years,  appointed  to 
secure  space  somewhere  in  the  downtown  district  of  Chicago  for  the 
location  of  a  100-foot  Standard  of  Length,  which  would  be  accessible  to 
any  and  all  persons  having  occasion  to  make  use  of  it.  It  is  with  con- 
siderable gratification  that  I  am  able  to  state  that  during  the  closing 
months  of  the  past  year  the  faithful  and  painstaking  work  of  the  com- 
mittee has  been  finally  crowned  with  success,  and  the  Standard,  properly 
calibrated,  has  now  been  installed  complete  in  the  basement  of  the  Cxty 
Hall  building.-  A  history  of  this  Standard  of  Length  will  be  published 
in  an  early  issue  of  the  Journal. 

Although  engineers  in  general  are  extremely  modest  and  are  most 
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anxious  to  keep  out  of  the  lime-light,  nevertheless  they  seem  to  receive 
more  recognition  each  year  as  time  goes  on.  In  the  earlier  stages  of 
railroad  building,  the  engineer's  office  was  usually  found  in  the  attic  of 
an  office  building,  if  it  had  one,  or  in  some  other  out-of-the-way  place. 
Today  it  is  not  uncommon  to  find  the  Chief  Engineer's  office  adjacent  to 
that  of  the  Vice-President's  or  General  Manager's  office  and  the  en- 
gineers of  our  railway  systems  are  now  given  the  recognition  they 
deserve.  We  find  the  same  conditions  prevailing  to  a  certain  extent  in 
our  public  affairs.  The  expenditures  of  our  street  railways  in  Chicago 
are  supervised  by  a  Board  of  Engineers.  We  have  a  number  of  engineers 
appointed  to  look  after  the  construction  of  the  proposed  subway  for  the 
City  of  Chicago,  and  we  also  find  an  engineer  on  the  Public  Utilities 
Board  recently  appointed.  While  engineers  were  always  employed  in 
these  various  undertakings,  they  were  never  given  the  rcognition  they 
receive  today. 

Last  year,  while  all  the  civic  organizations  about  Chicago  were  very 
busy  making  various  recommendations  to  the  City  Council  in  reference 
to  the  ordinance  for  building  the  new  Pennsylvania  Railway  terminal 
station,  some  recommending  that  the  City  Council  select  one  of  their 
members  as  an  adviser  to  the  City  Council,  the  Western  Society  of 
Engineers,  through  its  Board  of  Direction,  recommended  that  the  City 
Council,  before  passing  the  ordinance,  secure  the  advice  of  some  com- 
petent expert,  with  the  result  that  an  eminent  engineer  was  selected 
for  that  purpose.  Moreover,  some  of  the  civic  organizations,  not  having 
too  much  confidence  in  the  advice  and  judgment  of  one  engineer,  em- 
ployed other  engineers  to  check  up  the  expert  selected  by  the  City. 
Thus,  the  engineers,  by  assuming  a  dignified  and  modest  stand,  were 
awarded  the  prizes  on  that  occasion.  I  believe  that  all  of  these  engineers 
are  members  of  this  honorable  body. 

At  our  last  year's  banquet,  our  retiring  President,  Mr.  Armstrong, 
made  some  reference  to  securing  a  home  of  our  own.  It  is  gratifying 
to  state  that  we  have,  at  least  in  a  tentative  way,  new  quarters  in  pros- 
pect. If  the  same  should  develop  we  will  have  a  home  very  much  more 
in  keeping  with  our  requirements  and  with  the  dignity  of  this  Society. 

As  we  all  know,  Chicago  is  not  only  the  second  largest  city  in  the 
United  States,  but  also  of  the  Western  Hemisphere.  It  is  very  for- 
tunately situated  in  almost  every  respect;  has  the  very  best  of  railroad 
facilities,  fine  water  transportation,  an  abundant  supply  of  good  water, 
which  means  much  for  the  health  of  the  community,  and  an  inexhaustible 
supply  of  good  coal  for  manufacturing  purposes.  It  has  the  very  best 
quality  of  iron  ore  almost  at  its  door,  as  the  cost  of  transporting  the 
same  to  our  city  by  water  is  very  nominal.  In  other  words,  it  has  the 
essential  materials  required  in  industry. 

It  is  situated  in  the  very  heart  of  the  greatest  agricultural  district 
of  the  world,  which  supplies  it  with  its  necessary  food  products  and  at 
the  same  time  affords  a  good  market  for  its  manufactured  goods.  Its 
banking  facilities  have  grown  wonderfully  in  the  past  few  years. 

Commanding,  therefore,  one  of  the  most  eminent  positions  in  in- 
dustry and  commerce,  among  the  great  cities  of  the  world,  it  requires 
the  services  of  many  of  the  very  ablest  engineers.  It  is  our  duty  to  our 
community  to  provide  this  service,  to  render  it  faithfully  as  individuals, 
and  to  sec  that  the  quality  of  that  service  is  not  only  maintained  but 
improved,  flow  can  wc  better  secure  these  results  than  through  co- 
operation? There  are  not  enough  local  members  of  the  various  national 
engineering  societies  to  form  effective  separate  local  organizations,  nor 
do  I  think  it  would  he  desirable  if  it  were  possible,  hut  l^y  joining  or  in 
some  manner  affiliating  with  the  Western  Society  of  Engineers,  we  could 
afford  to  have  a  very  fine  library,  meeting  rooms,  etc. 

There   is   but   one   architectural   society,   one   bar   association — why 
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should  we  be  separated  into  minor  organizations  when  we  could  accom- 
plish so  much  more  by  united  action  and  association?  I  would,  therefore, 
recommend  that  we  do  all  we  can  to  bring  all  the  engineers  of  this  com- 
munity under  one  roof.     (Applause.) 

The  Constitution  provides  that  the  President  shall,  at  the  annual 
meeting,  announce  the  result  of  the  election  of  officers  for  the  current 
year.     Our  recent  election  has  resulted  as  follows: 

President E.  H.  Lee 

1st  Vice-President B.  E.  Grant 

2nd  Vice-President Ernest  McCullough 

3rd  Vice-President G.  F.  Gebhardt 

Treasurer C.  R.  Dart 

Trustee  to  serve  for  three  years H.  S.  Baker 

Having  thus  performed  my  final  duty,  it  merely  remains  for  me  to 
introduce  the  new  President  and  turn  over  to  him  this  gavel  and  join  the 
great  army  of  "has-beens." 

This  year  we  joined  in  the  spirit  of  the  times  and  had  three  candi- 
dates for  the  office  of  President.  Unfortunately  the  other  candidates, 
while  they  are  all  residents  of  Chicago,  had  never  met  our  president- 
elect and  I  believe  knew  very  little  about  his  ability  to  run,  for  if  they 
had  they  could  have  seen  at  a  glance  that  it  would  not  take  much  effort 
on  his  part  to  out-do  them  in  the  race. 

Gentlemen,  I  take  great  pleasure  in  introducing  our  President,  Mr. 
E.  H.  Lee. 

ADDRESS  OF  PRESIDENT-ELECT  EDWARD  HERVEY  LEE. 

Gentlemen,  brothers  and  friends:  The  old  proverb  hath  it  "From 
hearing  comes  wisdom,  from  speaking  repentance."  (Laughter.)  As  to 
whether  repentance  shall  be  on  the  part  of  the  speaker  or  the  listener, 
deponent  saith  not.     (Laughter.) 

I  address  you  tonight,  gentlemen,  vvith  mixed  feelings.  I  have  not 
yet  recovered  from  the  surprise  occasioned  by  my  election,  and  the  neces- 
sity of  speaking  to  you.  But  I  want  to  take  this  opportunity  to  say  in 
this  connection  that  I  have  experienced  one  pleasure,  a  pleasure  which 
was  had  regardless  of  the  result  of  this  election;  namely,  that  we  had 
three  strong  men  engaged  in  a  friendly  contest  for  this  particular  office. 
I  regard  that  as  one  of  the  best  indications  of  the  life  and  vitality  of  this 
Society.  I  think  as  long  as  we  can  maintain  a  friendly  rivalry  for  the 
offices,  we  shall  progress.  Other  societies  and  social  organizations  have 
found  it  necessary  to  introduce  just  what  we  have.  I  know  of  at  least 
one  important  organization  in  this  city  whei'e  they  are  now  making  an 
effort  to  introduce  just  this  good  thing  which  we  have  here  in  our  Society. 

Gentlemen,  I  wish  I  were  eloquent  enough  to  do  this  occasion  jus- 
tice. As  I  look  on  this  splendid  assemblage  of  members  of  this  Society, 
I  am  inclined  to  remember  the  story  of  the  old  negro  woman  in  Charles- 
ton during  the  earthquake.  She  woke  up  with  the  bed  rocking  and  the 
chinking  coming  down  out  of  the  ceiling,  and  when  the  logs  began  to 
creak,  she  piled  out  of  bed,  rushed  out  onto  the  street,  dropped  on  her 
knees  and  began  to  pray.  Her  prayer  ran  something  like  this:  "Oh, 
Lawd,  come  down  hyah  and  help  us.  Come  down  hyah  quick.  Lawd, 
we's  havin'  a  awful  time,  Lawd.  Come  down  hyah,  come  down  quick, 
and  come  yo-self,  don't  send  yo'  Son,  dis  hyah  aint  no  child's  play.' 
(Laughter.) 

The  first  meeting  of  the  Society  that  I  ever  attended  was  in  a  little 
room  on  this  street,  perhaps  two  blocks  north  of  this  building.  I  pre- 
sume at  that  time  the  membership  did  not  exceed  one  hundred;  the  aver- 
age attendance  certainly  did  not  exceed  ten  or  fifteen  per  cent  of  that 
number.  I  look  around  tonight  and  see  a  few  of  the  old.  familiar  faces. 
We  all  know  them  and  we  all  love  them. 
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Now,  we  have  listened  to  the  table  address  of  our  former  President, 
and  I  feel  sure  that  the  other  speakers  whom  we  have  on  the  program 
tonight  will  so  delight  us  that  I  am  disposed  to  cut  these  remarks  some- 
thing short  of  an  hour.  (Laughter.)  But  this  is  the  first  occasion  that 
I  have  ever  had  an  opportunity  to  address  an  audience  of  this  distinguished 
character  from  the  speakers'  table  and  I  wish  to  take  advantage  of  that 
fact.  (Laughter.)  Having  been  successful  in  this  election,  I  am  willing 
to  do,  as  my  friend  an  Irishman  one  time  was  willing  to  do.  He  was 
navigating  down  the  street  (laughter)  pretty  well  lit  up  (laughter),  and 
he  came  to  what  he  regarded  as  the  last  place  for  another  libation.  He 
pushed  through  the  outer  door  to  the  vestibule,  and  saw  nobody  there. 
He  continued  to  a  second  door.  As  a  matter  of  fact  he  had  come  into 
a  revival  meeting,  and  just  as  he  opened  the  door  the  revivalist  had  come 
to  the  peroration  of  his  address,  which  ran  something  as  follows,  the 
subject  matter  being  the  judgment  day  and  the  division  of  the  sheep  from 
the  goats:  "In  that  last  dreadful  day,  is  there  any  one  in  this  audience 
who  is  willing  to  be  a  goat?  Is  there  any  one  here  who  would  be  willing 
to  be  a  goat?"  The  Irishman  stood  balancing  in  the  door,  and  he  roared, 
"Well,  I'll  be  the  goat  to  keep  the  game  going."  (Laughter  and  ap- 
plause.) 

Now,  gentlemen,  I  feel  that  I  should  fail  in  my  duty  without  some 
word  as  to  our  noble  profession.  In  the  old  days  the  military  engineer 
fashioned  the  engines  and  constructed  the  fortifications — the  military  en- 
gineer unknown  and  unsung — which  were  the  basis  for  the  later  success 
which  made  his  military  leader  famous.  Today  the  engineer,  the  lineal 
descendant  of  the  old  military  engineer,  the  civil  engineer,  be  he  elec- 
trical, hydraulic,  bridge  engineer,  or  what  not,  by  his  activities  for  the 
most  part  unheralded  and  unknown,  is  laying,  and  during  the  last  fifty 
years  has  laid,  the  foundation  for  wealth  and  prosperity,  the  basis  for 
the  material  civilization  that  we  see  today.     (Applause.) 

Gentlemen,  I  feel  that  with  this  friendly  audience   (laughter) — 

'A  Voice:     You're  right. 

President  Lee  (continuing) :  I  know  I  am  right.  I  feel  that  with 
this  friendly  audience,  I  shall  not  be  accused  of  boasting  when  I  say  that 
this  noble  profession,  the  greatest  profession  in  the  country,  is  without 
equal.  For  what  of  the  law?  that  great  profession  which  is  crowded 
with  the  brilliant  intellects  of  the  country,  whose  wit  and  eloquence 
delight  and  sway  thousands  and  tens  of  thousands.  (Applause.)  Is  it 
too  much  to  point  out  that  this  noble  profession  may  be  something  like 
the  crab,  which  goes  forward  backward?     (Laughter.) 

Now  gentlemen,  by  that  remark  I  do  not  wish  to  be  understood 
as  saying  that  the  profession  of  the  law  is  retrograding,  but  simply  that 
in  looking  backward  to  precedent  with  the  face  to  the  rear  it  is  difficult 
to  advance.  And  what,  but  our  present  material  development,  the  work 
of  the  engineer,  makes  possible  the  fat  fees  and  emoluments  for  which 
our  friends  the  lawyers  strive? 

What  of  the  great  profession  of  medicine?  It  is  entirely  beyond  my 
power  to  describe  its  wonderful  attainments.  The  work  of  Colonel 
Gorgas,  in  creating  sanitary  conditions  in  Havana  and  Panama  (ap- 
plause)— those  pest  holes  of  the  tropics — has  rendered  them  as  safe  and 
habitable  as  any  city  of  the  Temperate  Zone.  His  work  applied  the  dis- 
coveries of  his  colleague  of  the  Army,  discoveries  which  developed  meth- 
ods of  preventing  malaria  and  the  other  fevers.  What  of  the  wonderful 
discovery  of  vaccination  for  typhoid  fever  which  has  revolutionized  prac- 
tice, and  which  has  so  changed  conditions  that  while  thousands  died,  or 
came  back  invalided  from  the  Spanish-American  War,  during  the  last 
two  years  our  trf)ops  have  been  along  the  Texas  border  with  scarcely  a 
man  suffering  from  this  dreadful  scourge.  What  of  the  wonderful 
achievements  of  those  two  eminent  .Americans.  Drs.  Strong  and  Teague. 
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who  went  into  Manchuria,  and  at  the  greatest  personal  risk  discovered 
the  means  of  preventing  the  pneumonic  plague,  another  manifestation 
of  the  bubonic  plague?  Words  fail  to  characterize  these  wonderful  dis- 
coveries. 

And  yet,  gentlemen,  am  I  beyond  the  bounds  of  reason  when  I  claim 
that  the  achievements  of  the  engineer  in  transportation,  in  methods  of 
communication,  in  the  civilization  which  we  now  have,  have  rendered 
these  great  medical  discoveries  possible?     (Applause.) 

We  have  another  profession,  gentlemen,  a  great  profession,  friends 
of  ours,  the  architects.  They  have  produced  many  a  stately  building; 
and  as  long  as  the  architect  is  an  engineer  or  has  an  engineer  back  of 
and  supporting  him  (laughter)  he  is  pretty  apt  to  do  creditable  work. 
(Laughter  and  applause.) 

It  is  an  honorable  profession.  And,  gentlemen,  1  think  that  the 
engineers  should  take  a  leaf  from  the  note-book  of  this  notable  profes- 
sion. I  venture  the  suggestion,  brought  to  mind  by  recent  illustrations 
in  our  allied  profession,  that  the  backward  and  modest  engineer  should 
assume  some  of  his  prerogatives  and  rights,  should  cultivate  publicity, 
should  adopt,  forsooth,  the  little  Jack  Horner  attitude,  and  when  he  pulls 
out  a  plum  should  advertise  the  fact  that  he  is  a  pretty  good  boy. 
(Laughter.) 

Gentlemen,  our  profession  is  based  upon  solid  work,  unassuming 
work.  We  do  not  make  much  money.  We  have  no  time  to  make  money. 
We  are  not  ordinarily  very  successful  as  publicity  agents.  We  haven't 
time  to  chase  the  bubble  reputation.  I  am  one  of  those,  however,  who  believe 
that  we  are,  without  being  greatly  endowed  with  this  world's  goods,  the 
happy  men  in  the  professional  world  today,  as  defined  by  Emerson  when 
he  says,  "I  look  on  that  man  as  happy,  who,  when  there  is  ar  question  of 
success,  looks  into  his  work  for  reply,  not  into  markets  and  not  into 
opinion." 

Gentlemen,  we  have  with  us  tonight  an  educator  who  is  doubtless 
well  known  to  a  great  many  of  our  members.  He  has  been  connected 
with  one  of  our  leading  engineering  schools  for  a  great  many  years.  He 
is  to  act  as  our  toastmaster,  and  it  affords  me  great  pleasure  to  intro- 
duce Dr.  Edwin  H.  Lewis,  Dean  of  Lewis  Institute.     (Applause.) 

Toastmaster  Lewis:  Mr.  President  and  gentlemen:  For  some  strange 
reason  which  I  do  not  understand,  I  see — although  we  have  had  some 
reference  to  Michigan,  and  are  still  to  have  more  of  Michigan  tonight — 
I  see  before  me  certain  quantities  of  Lake  Michigan  water  which  are  not 
yet  consurned.  Now,  gentlemen,  this  is  the  85th  birthday  of  the  Presi- 
dent Emeritus  of  Michigan,  Dr.  Angell,  and  I  am  going  to  propose  the 
health  of  Dr.  Angell,  and  ask  you  to  stand  and  drink  it  in  Lake  Michi- 
gan water. 

(Standing,  the  assembly  drank  the  toast  to  Dr.  Angell.) 

Gentlemen,  I  have  also  observed,  although  there  have  been  references 
here  to  prayer,  both  by  the  President  and  others,  that  you  had  no  grace, 
either  before  or  after  eating.  In  this  morning's  Record-Herald,  scanning 
the  words  of  a  favorite  author  of  mine,  Mr.  Samuel  E.  Kiser  (laughter), 
I  read  about  a  boy  who  wanted  to  grow  up,  because  when  he  got  grown 
up  he  would  not  have  to  say  any  prayers.  (Laughter.)  Now,  why  you 
have  not  had  grace  before  or  after,  I  don't  know.  I  should  hate  to  think 
that  the  prolonged  study  of  mechanics  had  plunged  you  into  such  a 
radically  mechanistic  view  of  the  universe  that  it  had  ruled  out  God. 
Perhaps  you  feel,  like  Charles  Lamb,  that  the  only  proper  dinner  to  be 
thankful  for  is  one  of  bread  and  herbs,  because  it  is  simple  and  refined. 
Or,  finally  it  may  be  that  you  regard  prayer  as  not  a  public  utility  but  as 
a  sort  of  private  utility.     (Laughter  and  applause.) 

Now,  that  fits  my  case  exactly.  This  dinner  has  been  of  the  great- 
est private  utility  to  me.     I   am   very  grateful   for   it,  because,   gentlemen, 
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as  I  have  sat  here  among  these  alarming  specialists,  it  has  protected  me 
to  some  extent  from  such  questions  as  "What  do  think  of  the  effect  of 
water  on  the  underpinning  of  the  carbide  works  at  the  Soo  (laughter)?" 
and  "Do  you  think  one  wire  or  three  wires  best  to  use  in  block  signal- 
ing?" When  thty  asked  me  such  questions  I  have  kept  my  mouth  so 
full  that  distinct  utterance  was  impossible. 

The  entertainment  committee  of  this  Society  has  nerve;  it  has  the 
nerve  to  go  and  get  here  two  gentlemen  who  are  so  eminently  different 
and  differently  eminent  (laughter),  that  they  could  not  find  anybody  to 
introduce  them  (laughter).  They  made  a  drag-net  search  of  the  entire 
city  and  state.  There  was  one  man  who  had  served  in  the  President's 
Cabinet  who  thought  that  under  the  circumstances  he  might  be  able  tQ 
introduce  a  part  of  the  first  speaker  (laughter),  but  when  he  thought  of 
the  rest  of  the  first  speaker,  and  all  of  the  second  speaker,  he  decided  that 
he  had  to  go  to  New  York  to  sue  somebody  at  law.  (Laughter.)  They 
tried  other  people;  they  tried  Governor  Dunne,  I  think — I  am  not  quite 
certain  about  this,  but  as  I  remember  it,  he  said  he  would  be  glad  to 
come,  but  that  Mr.  Quan  had  stolen  his  pass.  (Laughter  and  applause.) 
They  asked  Senator  J.  Hamilton  Lewis,  and  he  said  that  he  was  all  right 
when  it  came  to  introducing  bills  or  fashions  or  anything  like  that 
(laughter),  but  that  when  it  came  to  introducing  kings  and  kaisers,  he 
was  not  in  the  same  class  with  another  Colonel  who  was  lost  down  on 
the  Amazon.  (Laughter  and  applause.)  I  thought  that  was  in  very 
poor  taste,  to  make  a  joke  on  Mr.  Riser's  name.  W'hile  an  old  piece  of 
cheese,  you  know,  will  help  settle  a  dinner,  sometimes  an  old  joke  will 
have  the  opposite  effect.     (Laughter.) 

Well,  under  the  circumstances,  when  they  appealed  to  me,  I  said, 
"It  is  all  right."  I  said,  '"You  will  have  a  couple  of  presidents  there  and 
they  will  both  want  to  make  long,  eloquent  speeches,  and  that  will  take 
time.  After  that  I  will  introduce  the  speakers,  but  it  will  take  time;  it 
is  not  a  matter  of  a  moment  to  introduce  two  such  men.  I  said,  "I  will 
come  and  introduce  them,  and  work  at  the  thing  conscientiously  for  the 
rest  of  the  evening,  and  they  can  come  some  other  time  and  make  their 
speeches."     (Laughter.) 

Now,  gentlemen,  it  is  a  serious  thing  when  two  brothers — I  don't 
mean  these  two  brothers,  but  I  am  reminded  that  one  of  the  speakers  of 
the  evening  has  a  brother  after  the  flesh  who  was  formerly  a  president 
of  this  Society — it  is  an  awful  thing  when  two  brothers  from  a  little  town 
called  Canandaigua,  New  York,  try  to  monopolize  all  the  exact  informa- 
tion there  is  in  the  country  (laughter),  about  waterways  and  river  im- 
provements and  water  works  and  floods  and  telegraphs  and  telephones 
and  railways  and  express  companies  and  plank  roads  (laughter)  ;  and 
it  is  still  more  awful  when  they  so  nearly  succeed  in  getting  away  with 
it  (laughter).  One  then  wishes,  when  he  gets  a  chance,  to  get  a  word 
in  edgewise  about  the  public  and  public  utility  corporations.  We  are 
the  public,  and  he  has  the  monopoly  of  the  information.  A  monopoly 
is  like  a  baby;  everybody  thinks  it  is  a  nuisance  until  you  have  one  of 
your  own  (laughter  and  applause). 

Now  gentlemen,  when  a  mere  coolie  on  a  railroad  becomes  the  chief 
appraiser  of  the  railroad,  how  are  you  going  to  appraise  the  appraiser, 
or  put  a  limit  to  what  may  happen  in  a  democracy?  (Applause.)  Now, 
I  don't  know  very  much  about  Dean  Cooley,  except  that  he  is  a  famous 
person.  But  I  asked  a  competent  expert  about  how  much  property  be- 
longing to  utility  corporations  he  thougfht  this  man  had  valued.  He 
said,  "About  a  billion  and  a  half,  I  guess."  Now,  I  said  I  thought  that 
was  too  nujcli.  1  said,  "Look  at  Mr.  J.  P.  Morgan,  deceased.  So  long 
as  he  went  into  vahus  up  to  the  extent  of  a  billion — that  is,  an  American 
billion,  not  an  English  billion— he  got  along  all  right,  but  when  he  went 
beyond  that  he  got  his  directorates  interlocked,  the  same  as  a  Bull  Moose 
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gets  his  horns  interlocked  (laughterj,  and  his  son  has  already  resigned 
from  27  of  these  interlocking  directorates  and  is  likely  to  keep  on  resign- 
ing for  the  rest  of  his  natural  life."  (.Laughter  and  applause.;  Well, 
now,  I  can  understand  how  a  first  class  appraiser  will  run  all  the  way  up 
to  a  billion  dollars  and  keep  his  head  straight,  but  after  that  I  should 
think  he  would  get  his  appraisals  interlocked.     (Laughter  and  applause.) 

I  asked  the  competent  expert  if  he  did  not  think  that  was  so,  and 
he  gave  me  an  evasive  answer.  "Why,"  he  said,  "'this  man  is  an  authority 
in  interlocking.  He  is  chairman  of  the  Board  of  Block  Signalling  of  the 
Interstate  Commerce  Commission."     (Laughter.)     So  then,  I  gave  it  up. 

But,  speaking  seriously  for  a  minute,  there  is  one  single  thought,  one 
sociological  generalization,  which  is  suggested  to  me  by  the  distinction 
of  our  first  speaker.  When  Rousseau  wrote  his  Contrat  Social  he  pre- 
cipitated the  French  Revolution  by  the  doctrine  of  returning  to  a  primi- 
tive society  where  everything  was  a  matter  of  free  contract.  And  Her- 
bert Spencer  had  to  say  that  Rousseau  did  not  know  what  he  was  talking 
about.  Primitive  society  knows  nothing  whatever  of  contract,  but  it  is 
a  terrific  solidarity,  in  which  the  public  dictates  every  single  act  of  the 
ordinary  life  of  each  individual.  In  that  bad  old  day  the  public  was  the 
whole  thing,  and  for  tyranny  and  unreasonableness  it  had  Nero  dis- 
counted several  ages  in  advance. 

Now,  Mr.  Spencer  contrasted  with  that  primitive  condition  of  things 
the  happy  state  of  the  modern  Englishman  who  likes  to  do  what  he 
pleases,  and  the  still  happier  state  of  the  American,  who  does  it.  (Laugh- 
ter.) But  we  see  the  limits.  There  are  natural  limits  of  doing  what  you 
please,  as  we  all  saw  when  Herbert  Spencer  left  a  fund  of  money  to  be 
devoted  to  keeping  the  metric  system  out  of  England.  Now,  that  would 
not  do.  The  simple  fact  of  it  is  tRat  every  step  in  modern  liberty  has 
gone  hand  in  hand  with  standardization,  gone  hand  in  hand  with  new 
and  more  exact  measurements.  And  if  we  have  liberty  to  send  a  tele- 
gram an>-where  on  the  face  of  the  earth,  it  is  because  some  such  man  as 
Lord  Kelvin  prepared  the  way  for  us  with  his  methods  of  quantitative 
exactness.  So  it  seems  to  me  that  this  modern  liberty  that  we  are  all 
after — this  American  individualism  which  has  already  been  referred  to 
in  Emerson — is  bound  to  make  in  the  future  for  a  new  and  finer  subordi- 
nation of  the  individual  to  the  social  organization. 

Society  seems  to  be  sometimes  like  a  man  who  has  got  arthritis — 
inflammation  of  the  joints.  If  there  is  not  perfect  suppleness  in  the  so- 
cial body,  some  joint  is  going  to  get  inflamed  and  stick;  then  there  is 
going  to  be  trouble.  Now,  when  a  man  gets  inflammation  of  the  joints, 
of  the  knee,  or  the  arm,  or  any  such  place,  you  have  to  decide  whether 
you  are  going  to  break  that  joint  or  whether  you  will  make  a  little  hole 
in  the  joint  and  pour  in  some  olive  oil  and  two  per  cent  of  formalin,  and 
see  if  you  can't  limber  him  up.  (Laughter.)  The  same  thing  is  true,  is 
it  not,  in  the  case  of  public  utility  organizations  sometimes;  the  ques- 
tion is  whether  to  break  or  grease  them.  (Laughter.)  You  remember 
the  old  story  of  the  boy  who  tried  to  recite  Marco  Bozzaris,  and  got  as 
far  as 

"Greece,  her  knee — Greece,  her  knee — "  And  somebody  said,  "Grease 
her  knee  and  be  done  with  it."     (Laughter.) 

Well  now,  gentlemen,  before  you  can  decide  whether  to  break  the 
joint  or  to  grease  it,  you  have  to  know  about  the  joint.  You  have  to 
have  exact  quantitative  information  about  the  condition  of  inflammation 
in  that  joint,  or  in  that  joint  stock  corporation.  (Laughter.)  You  have 
to  apply  the  social  X-Ray  to  it.  It  is  being  done.  And  I  have  the  honor 
to  introduce  to  you  the  discoverer  of  what  I  may  call  the  Cooley  Ray. 
Dean  Mortimer  E.  Cooley.  (Dean  Cooky's  address  is  printed  elsewhere 
in  this  issue  of  the  Journ.\l.) 

The  Toastmaster:     It  will  be  somewhat  of  a  wrench  for  you  to  shift 
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your  attention  from  this  important  and  impressive  paper  and  the  line  of 
thought  which  it  has  presented.  I  do  not  expect  you  to  do  it  easily.  As 
1  have  listened  to  the  extraordinary  clarity  with  which  the  whole  sweep 
of  the  tield  has  been  expounded,  so  that  even  all  the  joints  of  the  social 
organism  have  been  X-Rayed  and  just  a  little  legitimate  water  found  in 
each  O^uiJlitcr;,  I  have  thought  that  if  Dean  Cooley  desires  to  appraise 
two  or  three  billions  more,  1  shall  withdraw  my  objections.     (Laughter.; 

Now,  can  we  have  a  song?  Can  we  have,  perhaps,  "Every  Little 
Movement,"  as  long  as  we  are  talking  about  joints?  (.Laughter  and  ap- 
plause.) 

(The  song,  "Every  Little  Movement,"  etc.,  was  rendered.) 

The  Toastmaster:  We  are  now  obliged  to  turn  to  a  somewhat  more 
technical  subject,  a  branch  of  electrokinetics  (laughter),  and  here  I  feel 
somewhat  more  at  home,  because  my  room  at  Lewis  Institute  is  on  the 
same  floor  with  the  electric  laboratory.  (Laughter.)  I  often  see  the 
students  come  in  there.  And  once  1  saw  the  professor,  or  one  of  them — 
it  was  on  the  train,  gentlemen — and  I  had  been  cleansing  my  soul  from 
the  stains  of  the  commercial  world  by  reading  Mach's  Treatise  on  Me- 
chanics— because  1  am  sure  there  is  nothing  in  the  world  in  that  treatise 
on  mechanics  that  could  possibly  be  applied  to  engineering  (laughter) — 
and  1  looked  up  from  that  and  saw  that  this  professor  was  reading;  1 
looked  over  his  shoulder  and  saw  he  was  reading  Browning's  poem,  "The 
Ring  and  the  Book."  He  was  married  soon  after  that  (laughter),  mar- 
ried without  impedance  or  resistance. 

Now,  the  subject  of  the  next  speaker  is  "Alternating  Currents."  Al- 
ternating currents  are  supposed  to  be  more  or  less  dangerous.  And  this 
speaker  reminds  me  of  Lord  Kelvin,  in  some  ways.  (Laughter.)  Lord 
Kelvin,  you  remember,  found  a  way  of  eliminating  the  danger  by  increas- 
ing the  tension.  Now,  the  eminent  professor  that  I  am  about  to  intro- 
duce has  a  very  high  tension,  so  high  that  they  don't  allow  him  to  work 
in  a  room  with  electric  lights,  but  only  by  the  light  of  a  tallow  candle  or 
his  cigar.  And  they  have  him  insulated  above  and  below,  fore  and  aft, 
and  pro  and  con,  and  to  and  fro.  (Laughter.)  What  they  use  for  insula- 
tion I  don't  know,  but  I  dare  say  it  is  bottles.  (Laughter.)  Of  course, 
he  does  not  look  that  way,  but  you  never  can  tell.  (Laughter.)  Now, 
this  gentleman  has  not  only  magnitude,  but  direction;  he  is  therefore 
a  vector  quantity.  And  he  radiates  out  in  a  great  many  directions;  there- 
fore he  is  a  sort  of  polyphase  vector  quantity.  You  may  not  know  the 
polyphase  vector  quantity,  it  is  something  like  the  monopolar  engine  that 
is  used  in  a  monohippic  college.  (Laughter.)  This  gentleman  has  a 
high  velocity,  and  at  the  same  time  mere  induction  from  a  typewriter  has 
been  known  to  break  his  circuit  into  fourteen  lines.  (Laughter.)  His 
waves  are  not  Herzian,  but  herzlich.  He  has  a  warm  heart  and  many 
friends.  I  don't  know  whether  I  really  dare  switch  on  such  a  force  as 
this,  but  I  will  chance  it — and  I  have  great  pleasure  in  introducing  Mr. 
Samuel  E.  Kiser.     (Applause.) 

ALTERNATING  CURRENTS  BY  MR.  S.  E.  KISER. 

Mr.  Toastmaster  and  Gentlemen:  I  understood  when  I  was  invited 
to  come  here  that  I  would  be  expected  to  say  something  funny.  Your 
toastmaster  has  said  all  the  funny  things,  and  I  am  going  to  switch.  I 
am  going  to  discuss  public  utilities.  (Laughter.)  There  are  some  in- 
teresting and  intricate  problems  concerning  public  utilities  that  don't 
seem  to  have  been  touclicd  upon  here  this  evening,  and  I  think  they 
ought  to  be  elucidated.  (Laughter.)  I  am  one  of  the  best  elucidaters  in 
the  business.     (Laughter.) 

I  was  much  interested  in  a  statement  made  by  your  new  president 
a  little  while  ago  to  the  effect  that  engineers  are  modest,  retiring  people. 
I  soon  found  out  from  his  own  statements  that  they  must  be.  (Laugh- 
ter.)    He  began  by  saying  that  three  strong  men  had  been  running  for 
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the  presidency  Claughter  and  applause);  and  then  he  compared  engi- 
neers with  doctors,  very  much  to  the  discredit  of  the  doctors;  and  also  to 
lawyers,  and  left  the  lawyers  gasping  for  breath  (laughter). 

I  will  say,  however,  that  I  have  noticed  this  difference  between  en- 
gineers and  lawyers.  Most  lawyers  have  to  rely  upon  politics  in  order 
to  get  a  living,  while  the  engineers  don't  seem  to  get  into  politics  very 
far.  There  are  one  or  two  engineers  here  in  Chicago  who  are  generally 
in  politics  to  some  extent.  We  hear  of  them  very  frequently.  They  are 
mixed  up  with  nearly  every  public  utility  that  comes  along,  and  have 
more  or  less  to  do  with  controversies  that  arise  at  the  City  Hall.  But 
ordinarily,  the  engineers  seem  to  get  along  without  politics,  which  is  very 
interesting  and  perhaps  instructive.  Whether  it  has  a  bearing  upon  the 
problems  concerning  public  utilities  or  not  I  shall  leave  you  to  judge 
after  I  have  finished  discussing  this  matter. 

I  am  not  going  to  attempt  to  cause  you  to  be  carried  away  upon  a 
flood  of  oratory  or  a  stream  of  mellifluous  and  grandiloquent  phrases;  I 
will  confine  myself  to  a  plain  statement  of  facts  and  fundamental  prin- 
ciples, zealously  refraining  from  tautological  verbiage  and  mysterious 
ramifications  within  those  realms  of  ultramontanism  which  might  be 
regarded  as  terra  incognito  to  people  whose  forensic  perceptions  would 
require  an  elucidation  of  the  postulate  that  is  to  be  presented.  This 
being  understood  (laughter)  I  may  say  at  the  start  that  there  are  two 
things  which  every  man  desires  to  possess,  two  things  which  every  man 
wants  to  have  for  himself  and  which  no  man  may  be  sure  of  having  as 
his  own  merely  because  some  other  man  is  deprived  of  them.  There 
are  two  things  which  every  man  wishes  to  claim  for  his  very  own  and  which 
no  man  may  take  unto  himself  from  another  man.  We  understand  that 
nearly  every  man  wants  to  have  wealth,  ibut  money  is  not  one  of  the 
two  things  to  which  I  have  reference,  for  money  may  be  taken  from 
one  man  by  another.  Every  man  desires  to  be  loved,  too,  but  love  is 
not  one  of  these  two  precious  things  which  I  have  in  mind,  for  love, 
like  money,  may  be  transferred  (laughter).  So  it  is  with  public  office 
and  with  the  favor  of  those  in  authority.  Those  things  like  love  and 
money  may  be  transferred  from  one  man  or  one  group  of  men  to  an- 
other. But  there  are  two  things  which  every  man  wishes  to  have  for  his 
own  and  which  no  man  may  take  away  from  another  to  have  in  his  own 
keeping — ^two  things  that  may  not  be  taken  away  from  any  man  to  be- 
come the  possession  of  another.  One  of  these  two  things  is  long  life, 
and  the  other  is  hair  on  top  of  the  head  (laughter  and  applause). 

I  am  going  to  start  back  at  the  beginning  of  things,  by  discussing 
some  of  the  phases  of  boy  nature.  Boys  are  very  interesting.  I  find 
them  supplying  me  with  a  large  quantity  of  my  material  from  day  to 
day.  I  call  to  mind  one  boy  in  particular  who  is  the  possessor  of  a 
father  (laughter)  who  belongs  to  that  type  which  you  have  all  doubtless 
noticed — one  of  those  fathers  who  are  inclined  to  look  back  with  a  great 
deal  of  pleasure  to  the  time  when  they  were  boys,  a  father  who  in  dis- 
cussing the  boy  he  used  to  be  causes  a  halo  to  appear  above  the  head 
of  that  sainted  child  (laughter). 

Well,  this  boy  that  I  have  reference  to  made  a  sort  of  study  of  his 
father,  and  at  length  he  came  to  certain  conclusions  which  I  have  at- 
tempted to  embody  in  some  verses  that  run  along  about  in  this  way: 

I  wish  that  I'd  have  been  here,  when  my  pa  was  a  boy. 
There  must  have  been  excitement  then,  when  my  pa  was  a  boy. 
He  never,  never  disobeyed ;  he  beat  in  every  game  he  played. 
Gee,  what  a  record  there  was  made,  when  my  pa  was  a  boy. 

Then  everything  was  in  its  place,  when  my  pa  was  a  boy. 

He  did  things  with  a  smiling  face,  my  pa  did,  as  a  boy. 

He'd  get  the  coal  and  chop  the  wood,  and  think  of  every  way  he  could 

To  always  just  be  sweet  and  good,  my  pa  did  as  a  boy. 
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There  were  a  lot  of  wonders  done,  when  my  pa  was  a  boy. 

How  grandpa  must  have  loved  his  son,  when  my  pa  was  a  boy. 

In  school  he  always  took  the  prize,  and  he  could  lick  boys  twice  his  size. 

I'll  bet  you  folks  had  bulgin'  eyes,  when  my  pa  was  a  boy. 

I  wish  that  I  had  been  here  then,  when  my  pa  was  a  boy. 
There'll  never  be  his  like  again,  pa  was  the  model  boy. 
And  yet  I've  often  heard  my  ma  when  she's  disgusted,  call  my  pa 
The  biggest  "It"  she  ever  saw.     He  oughta  stayed  a  boy. 

(Laughter  and  applause.) 

This  boy's  father  was  the  possessor  of  a  keen  wit,  in  his  own  esti- 
mation (laughter).  The  boy,  telling  a  little  story  of  certain  affairs  oc- 
curring in  the  home  circle,  said: 

"When  I  was  at  the  drug  store  the  other  day  1  picked  up  an  almanac 
and  took  it  home,  and  last  night  when  pa  came  in  he  found  the  almanac 
and  got  to  reading  in  it  and  commenced  to  laugh  and  pretty  soon  ma 
aeked  him  what  was  the  matter.  He  said,  'Here's  an  awful  good  joke. 
I  found  it  in  the  almanac';  and  ma  asked  him  what  it  was.  'Well,'  he 
said,  'if  you'll  keep  quiet  a  minute  I'll  read  it  to  you.'  So  ma  kept  quiet 
a  minute,  and  pa  read  the  joke,  and  this  was  the  joke:  'Why  is  the  mistake 
of  a  doctor  not  as  bad  as  the  mistake  of  a  dentist?'  And  ma  said  she'd 
give  it  up,  so  pa  read  the  answer;  and  the  answer  was:  'Because  the 
doctor  fills  six  feet  and  the  dentist  fills  an  acher.'  (Laughter.)  'Well,' 
ma  said,  'why  does  he  do  that?'  'That's  the  joke,'  pa  says;  can't  you  see 
it?  'The  doctor  fills  six  feet,  and  the  dentist  fills  an  acher,'  you  know — 
six  feet  of  ground,  you  know.  The  acre  refers  to  ground,  don't  you 
see?'  Ma  said  she  knew  that.  'But,'  she  said,  '1  don't  understand  about 
the  six  feet  part,'  and  pa  said:  'The  doctor  gives  a  man  the  wrong  medi- 
cine— makes  a  mistake  and  gives  him  the  wrong  medicine — and  fills  six 
feet.'  'Yes,'  ma  said,  'but  I  don't  see  any  joke  about  that.  (Laughter.) 
Why  does  he  fill  six  feet?'  'Why,'  pa  said,  'he  gives  this  man  the  wrong 
medicine  and  he  dies,  and  they  bury  him  and  fill  six  feet  of  ground  with 
him.  That  makes  it  come  in  with  the  acre.'  'But,'  ma  said,  'I  don't  see 
any  joke  about  that.  There's  no  joke  about  killing  a  man,  is  there?' 
(Laughter.)  'Oh,'  pa  said,  'it's  merely  imaginary.  They  say  he  fills  six 
feet,  you  understand,  just  to  make  it  come  in  with  the  acre.  The  doctor 
gives  this  man  the  wrong  medicine  and  fills  six  feet,  and  the  dentist 
makes  a  mistake  and  fills  an  acre.'  'Yes,  but,'  ma  said,  'what  if  this  man 
that  got  the  wrong  medicine  was  a  short  man?'  (Laughter.)  Pa  was 
beginning  to  get  kind  of  disgusted  along  about  then  and  he  said.  'Oh,  it 
would  be  just  as  good  a  joke  if  he  only  filled  four  feet — gave  the  man 
the  wrong  medicine  and  filled  four  feet.  It  would  be  just  as  good  a 
joke.'  'Yes,'  ma  said,  'but  you  said  they  made  a  mistake.'  'Of  course  they 
made  a  mistake.'  'Well,'  ma  said,  'you  said  the  dentist  filled  an  acre, 
didn't  you?'  'Certainly.'  'Well,  if  he  made  a  mistake  he  would  not  fill 
the  acre,  would  he?'  (Laughter  and  applause.)  Then  pa  read  the  joke 
again  to  see  if  he  had  it  right  and  his  eyes  commenced  to  get  kind  of 
glassy,  and  pretty  soon  he  tore  the  almanac  into  about  a  dozen  pieces 
and  flung  it  in  a  corner  and  says,  'Oh,  well,  darn  it,  what's  the  use  trying 
to  bring  any  sunshine  into  this  family,  anyhow?'"  (Laughter  and  ap- 
plause.) 

Your  toastniaster  has  made  a  very  elaborate  explanation  concerning 
my  habits  and  profession,  but  I  mistrust  that  he  did  it  in  a  tone  of 
levity,  with  the  intention  to  be  more  or  less  sarcastic.  Now,  as  a  matter 
of  fact,  there  are  people  who  arc  interested  in  me  and  in  people  of  my 
kind  (laughter).  I  once  heard  of  a  lady  who  had  developed  an  interest 
in  a  man  who  was  furnishing  a  daily  column  for  a  newspaper.  She  had 
been  reading  him  steadily  for  some  time  and  had  become  possessed  of 
a  desire  to  see  him.  She  wanted  to  see  what  kind  of  a  looking  man  he 
might  be.     And  this  desire  grew  upon  her  until  she  decided  to  gratify  it. 
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Finding  out  where  this  person  was  kept  (laughter),  she  went  to  the 
newspaper  office  and  inquired  for  him.  The  man  at  the  counter  down  in 
the  business  office  said  he  had  never  heard  of  him,  but  he  thought  if  she 
would  ask  the  elevator  man  perhaps  he  inight  give  her  some  information. 
She  asked  the  elevator  man,  and  he  said  that  he  had  heard  of  this  per- 
son but  he  did  not  know  just  where  he  was.  He  thought  if  she  would 
get  off  on  the  fourth  floor  and  look  around  there  she  might  find  him. 
She  got  off  at  the  fourth  floor  and  walked  up  and  down  a  long  hall  and 
looked  into  the  various  editorial  rooms,  and,  finally,  seeing  at  a  desk,  a 
man  who  looked  like  the  person  she  had  pictured  in  her  mind,  she  paused 
at  the  door  and  coughed  and  made  noises  calculated  to  attract  his  at- 
tention (laughter).  Finally  he  turned  around,  and  she  said,  "I  beg  your 
pardon,  I  am  looking  for  the  humorist.  I  thought  you  might  be  the  gen- 
tleman. Are  you  the  humorist?"  "No,  I  am  not,"  replied.  "No,  I  am 
not  the  humorist,  I — you  see,  my  house  burned  down  yesterday  and  I 
didn't  have  any  insurance.  I  guess  that  is  what  makes  me  look  this 
way."     (Laughter.) 

Another  lady  who  had  developed  an  interest — I  don't  like  to  be  per- 
sonal about  this  thing — but  really  her  interest  was  in  me;  she  had  known 
me  when  I  was  a  small  boy,  and  when  my  first  book  of  poems  was  pub- 
lished she  got  a  copy  of  it — I  don't  know  how,  because  my  publishers 
seemed  to  be  trying  to  keep  it  secret  (laughter).  She  got  this  book  in 
some  way  and  went  to  see  my  mother  about  it.  My  mother  lives  back 
in  the  little  town  in  the  East  where  I  was  born  and  raised — or  partly 
raised  (laughter) — and  the  lady  who  was  interested  went  to  see  my 
mother  about  the  matter,  and  asked:  "When  did  you  discover  that  your 
son  possessed  this  gift?"  My  mother  thought  the  matter  over  and  re- 
plied: "Why,  I  think  along  about  when  he  was  13  or  14  years  old.  One 
day  he  fell  out  of  a  tree  and  struck  on  his  head  and  we  noticed  after- 
wards that  he  was  different  from  the  rest  of  the  children."  (Laughter.) 
But  it  was  not  until  some  ten  years  after  this  that  I  began  to  give 
expression  to  the  beautiful  thoughts  that  arose  in  me.  I  was  employed 
in  the  office  of  a  newspaper  in  an  eastern  city  at  the  time.  They  didn't 
know  then  that  I  was  a  poet,  but  one  day  the  managing  editor  came  to 
me  and  said:  "There  is  a  little  space  at  the  end  of  one  of  the  columns 
on  the  editorial  page  that  I  would  like  to  fill  with  a  poem.  We  haven't 
published  any  poetry  in  this  paper  for  quite  a  while,  and  I  think  the 
public  might  stand  for  it  (laughter).  I  wish  you  would  write  about  twelve 
lines  to  fit  into  that  space.  Don't  write  anything  that  will  offend  any- 
body, because — you  never  can  tell — some  one  might  read  it  (laughter). 
Just  dash  off  twelve  lines.  You  can  do  it."  "But,"  I  protested,  "I  am 
not  a  poet.  I  never  have  written  any  poetry."  "Oh,"  he  urged,  "go 
ahead.  This  is  a  good  time  for  you  to  begin."  (Laughter).  Well,  it  was 
a  cold  day  in  the  winter  and  I  sat  opposite  a  window  looking  out  into 
the  street,  and  I  could  see  the  snow  blowing  along  there  and  people  were 
passing  along  muffled  up  around  their  ears,  and  it  looked  very  disagree- 
able outside.  I  tried  to  argue  him  out  of  this  poetry  notion,  but  he 
would  not  have  it,  and  after  a  while,  seeing  how  things  were  outside,  I 
decided  that  I  would  write  the  poem.  (Laughter.)  As  I  say,  I  had 
never  written  any  poetrj^  up  to  that  time,  but,  just  to  show  you  what  I 
could  do  without  having  had  any  practice  whatever  as  a  poet,  I  am 
going  to  give  you  the  twelve  lines  that  I  wrote  on  that  occasion.  I 
think  the  weather  inspired  me.  It  was  a  touching  little  thing  in  its  way, 
too  (laughter). 

Where  snow  had  drifted  o'er  the  land 
I  saw  a  sweet  young  mother  stand; 

A  babe  was  lying  on  her  breast, 
Its  little  form 

Against  herself  she  closely  pressed, 
To  keep  it  warm. 
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In  later  years  1  passed  once  more, 
And  saw  her  at  her  cottage  door; 
A  boy  was  lying  on  her  knee, 

Her  look  was  grim, 
And,  sufTcring  Joshua,  how  she 
Was  warming  him! 

(Laughter  and  applause.) 

I  received  a  request  here  from  somebody  to  give  you  some  verses  of 
my  own  entitled  "The  Man  from  York  State."  This  poem  is  intended  to 
bring  out  the  characteristics  of  the  man  who  always  knows,  when  you 
tell  him  anything  wonderful,  of  something  more  wonderful  that  happened 
back  where  he  came  from  (laughter).  It  is  told  in  the  language  of  an 
old  farmer  down  in  Ohio.     He  said: 

Old  Bill  Simpson  come  from  York  State;  if  a  thing  was  big  or  fine 
He  could  always  think  of  something  more  surprisin'  in  that  line; 
When  Joe  Humphrey  had  his  tumor,  Bill  looked  at  it,  and,  said  he: 
"It's  a  big  one,  I  acknowledge,  and  I'm  glad  it  ain't  on  me; 
But  I  knew  a  man  in  York  State,  who'd  a  tumor  that  I'll  bet 
Was  three  times  as  big  as  this  one — and  it  may  be  growin'  yet." 

If  we  raised  a  calf  or  punkin  that  was  something  extra.  Bill 
Always  knew  of  one  in  York  State  that  had  been  much  grander  still; 
When  Dave  Henderson's  wife  left  him,  just  because  he'd  killed  her  cat, 
Bill  said:     "We'd  a  case  in  York  State  which  was  rather  worse'n  that; 
Once,  down  there,  a  married  woman  left  her  husband's  bed  and  board 
On  account  of  a  loose  window — that  'ud  rattle  when  he  snored." 

You  couldn't  beat  old  York  State,  wet  or  dry,  or  night  or  day. 

And  we  used  to  often  wonder  why  Bill  ever  moved  away; 

When  the  Trask's  folks  had  their  triplets.  Bill  he  stood  and  shook  his  head 

While  he  fingered  his  chin  whiskers,  sort  of  thoughtful-like,  and  said: 

"Well,  yes,  three's  a  lot!     I  dunno  as  I'd  care  for  any  more — 

But  I  knew  a  York  State  fambly  once  that  had  a  bunch  of  four." 

When  Hank  Williams  had  the  dropsy  and  was  tapped  by  Doctor  Grubb 

The  water  they  took  from  him  was  enough  to  fill  a  tub; 

Bill  was  silent  when  we  told  him,  and  seemed  thoughtful  for  a  spell. 

And  we  guessed  we'd  got  him  beaten;  but,  at  last,  he  answered:     "Well, 

I  don't  want  to  do  no  castin'  of  reflections  onto  Hank, 

But  a  man  I  knew  in  York  State,  when  they  tapped  him,  filled  a  tank!" 

Poor  old  Bill!     He's  crossed  the  river,  and  I  hope  he's  happy  there. 

Where  he  needn't  deal  with  people  that  ain't  always  fair  and  square: 

He'd  a  good  heart  in  him — Bill  had — done  a  lot  of  noble  things. 

But  I'll  bet  you  when  they  brought  him  out  his  crown  and  harp  and  wings 

That  he  turned  to  old  Saint  Peter,  or  some  angel  bowin'  low 

As  he  said :     "It's  mighty  splendid — York  State  beats  it  easy,  though." 

(Applause.) 

To  get  back  to  this  question  of  public  utilities  for  a  moment  (laugh- 
ter), you  know,  as  Dean  Coolcy  has  said,  troubles  are  sometimes  thrust 
upon  people.  Some  people  inherit  their  troubles,  and  others  borrow 
them.  The  most  unfortunate  people  are  those  whose  troubles  are  thrust 
upon  them.  An  old  gentleman,  one  of  the  plain  people  to  whom  certain 
eminent  .statesmen  are  fond  of  referring,  belonged  to  this  class — these 
people  whose  troubles  are  thrust  upon  them.  In  telling  the  story  of  his 
troubles,  he  said: 
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Twas  just  about  a  year  ago  that  Fanny  run  away, 

And  left  her  ma  and  me  alone — eloped  with  Philip  Gray; 

He'd  come  a-shinin'  round  her,  off  and  on  six  months  or  so, 

Though  he  seen  I  didn't  like  him — I  took  pains  to  let  him  know — 

For  I'd  got  a  sort  of  notion  that  he  thought  it  'ud  be  fine 

If  he  helped  our  girl  inherit  all  this  property  of  mine. 

By  a  lot  of  good,  hard  workin'  and  by  managin'  things  right 

I  have  what  is  called  a  fortune — oh,  of  course,  it's  just  a  mite 

As  compared  with  Rockefeller's,  though  I  thought,  'twixt  me  and  you, 

That  our  Fanny,  bein'  purty  and  well  eddicated,  too. 

Had  the  right  to  look  for  some  one  who  was  higher  up  than  Phil; 

But  it's  wastin'  time  to  argue  when  a  woman  says  she  will. 

So  they  run  off  and  got  married.    Ma  was  anxious  from  the  start 

To  be  kind  of  easy  with  'em ;  said  that  Phil  was  good  at  heart ; 

But  I  sent  'em  word  to  never  set  their  feet  inside  my  door; 

I  was  through  with  both  forever — yes,  I  said  them  words  and  more; 

Made  my  will  and  left  my  money,  every  bit,  to  charity — 

'Tother  day  they  had  a  baby — and  they've  named  him  after  me. 

Lawsy,  but  it  did  seem  lonesome  after  Fanny'd  went  away; 

Ma  she  moped,  and  you  could  nearly  see  her  brown  hair  turnin'  gray. 

And  the  silence  used  to  kind  o'  get  so  loud  I'd  want  to  shout 

Or  slam  dors  or  pound  on  something,  thinkin'  I  could  drownd  it  out — 

Cute?     By  George,  the  little  rascal's  just  as  cute  as  he  can  be! 

Not  a  single  blemish  on  him,  and  thej^'ve  named  him  after  me. 

If  you'd  told  me  things  could  ever  be  as  gloomy  round  the  place 
As  they've  been  since  Fanny  left  us  I'd  of  snickered  in  your  face; 
Why,  the  very  sun  has  seemed  to  kind  o'  hate,  somehow,  to  shine. 
And  last  summer  not  a  rosebud  showed  itself  on  Fanny's  vine — 
Little  rascal!     Everybody  says  he's  got  my  nose  and  chin. 
And  he  smiled  as  though  he  knew  me  when  he  seen  me  peepin'  in. 

Yes,  ma  took  me  up  this  mornin'  and  I've  just  destroyed  my  will; 
Come  to  think  the  matter  over,  there  are  worse  young  men  than  Phil; 
He's  been  doin'  splendid,  lately. — I  believe  that  little  tike 
Must  of  knew  I  was  his  grandpa,  for  he  looked  up  lovin'  like 
When  they  got  the  nurse  to  let  me  hold  him — propped  up  on  my  knee- 
Weighed    eight    pounds,    and — have    I    mentioned    that    they've    named    him 
after  me? 

President-Elect  Lee:  Gentlemen,  I  was  not  advised  as  to  the  length  of 
time  which  would  be  required  by  the  speakers,  and  therefore  I  abruptly  took 
a  side-track.    I  will  now  resume  my  remarks.     (Laughter.) 

I  wish  to  thank  you,  gentlemen,  from  the  bottom  of  my  heart  for  the 
honor  conferred  upon  me  by  this  Society.  I  wish  to  assure  you  of  my  best 
efforts  to  forward  its  ends.  Boys,  this  is  too  great  an  organization  to  be  a 
one-man  organization,  or  a  two  or  three-man  organization.  We  must  have 
team  work  if  we  are  to  go  ahead  or  even  if  the  Society  is  to  maintain  the 
standing  which  it  has  reached  now.    Are  you  with  me? 

Many  voices:    We  are. 

The  President:     Will  you  help  me? 

Many  voices:     We  will. 

The  President:     Thank  you. 

If  there  is  no  objection,  I  will  declare  passed  a  resolution  of  the  Society 
thanking  our  able  toastmaster  and  speakers  for  their  very  entertaining  and 
instructive  efforts  in  our  behalf. 

We  will  now  sing  Auld  Lang  Syne,  all  standing. 

(The  program  was  closed  with  the  singing  of  the  song.) 
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The  Theory  and  Design  of  Structures.     By  Ewart  S.  Andrews,  B.   Sc. 

Chapman  &  Hall,  Ltd.,  London.     3rd  ed. ;  cloth;  5J^x8^  in.;  pp.  618. 

Price,  9/  net. 
Further  PROBi.E.\is  in  the  Theory  and  Design  of  Structures.     By  Ewart 

S.  Andrews,  B.  Sc.    Chapman  &  Hall,  Ltd.,  London.    Cloth;  SJ^xS^  in.; 

pp.  236.     Price,  9/  net. 

"A  text-book  for  the  use  of  students,  draughtsmen,  and  engineers 
engaged  in  construction  work,"  is  the  title  page  description  of  the  first  of 
these  two  volumes,  which  is  a  well  written  and  well  developed  theoretical 
treatise  giving  considerably  more  space  to  the  theory  of  stresses  and  to  the 
elementary  and  fundamental  consideration  of  the  subject  of  beams  and 
flexure  than  is  the  case  with  the  familiar  American  text-books. 

Although  many  of  the  subjects  have  been  developed  mathematically, 
graphical  constructions  have  been  used  to  a  great  extent,  with  the  result 
that  many  of  the  formulae,  especially  those  relating  to  deflections  and  fixed 
and  continuous  beams,  are  very  simply  and  clearly  deduced. 

The  first  three  chapters  are  devoted  to  principals  of  stresses  and  strains; 
forces,  areas  and  moments.  Graphical  methods  for  the  determination  of 
moments  of  inertia  and  their  adaptation  to  any  section  are  very  clearly 
presented  and  proved. 

Chapter  four  deals  with  riveted  joints  and  connections  and  gives  a  table 
of  the  British  standard  beam  connections.  A  discussion  of  the  methods  of 
failure  of  riveted  joints  is  also  given. 

Chapters  five  to  ten  treat  the  entire  subject  of  beams  for  all  conditions 
of  supports  and  all  cases  of  loading.  Many  practical  examples  applying  to 
various  formulae  and  constructions  serve  admirably  to  illustrate  the  theory. 

The  chapter  on  framed  structures  explains  three  methods  of  determin- 
ing stresses  and  gives  stress  diagrams  for  the  more  common  types  of  bridge 
and  roof  trusses. 

The  succeeding  chapters  treat  briefly  of  the  basic  principles  and  theories 
for  the  design  of  columns  and  struts;  suspension  bridges  and  arches;  masonry 
structures,  such  as  dams,  retaining  walls,  chimneys  and  arches ;  reinforced 
concrete.  The  chapter  on  the  latter  subject  is  little  more  than  a  description 
giving  general  ideas  of  the  theories  involved  and  some  of  the  better  known 
methods  of  construction  used. 

The  portions  of  the  book  devoted  to  structural  design  and  the  illustra- 
tions of  girder  and  truss  bridges  and  steel  skeleton  buildings  serve  very  well 
to  show  the  great  difference  between  English  and  American  practice  in  both 
design  and  shop  work.  One  wishes  that  a  more  complete  analysis  of  various 
details  had  been  given  so  that  the  reasons  for  some  of  this  difference  might 
he  made  clear. 

Appendix  I  contains,  in  addition  to  an  article  on  the  subject  of  wind 
pressure,  with  the  stress  diagram  for  a  roof  truss  considered  in  addition 
to  the  wind  load  on  the  windward  side,  a  suction  on  the  leeward  side  of  the 
truss;  discussions  on  the  stresses  in  curved  beams  and  the  use  of  a  parabolic 
template  for  drawing  bending  moment  diagrams  for  uniformly  loaded  beams. 

Appendix  H  contains  tables  giving  the  properties  of  British  standard 
sections. 

The  second  of  these  books,  a  first  edition,  deals  very  fully  with  the 
method  of  influence  lines  and  deflections  of  framed  structures,  and  contains 
chapters  on  stresses  in  redundant  frames,  arches,  portals  and  wind  bracing 
and  secondary  stresses  in  structures. 

The  adaptability  of  influence  lines  over  the  older  and  more  common 
methods  for  calculating  stresses  is  clearly  shown  and  examples  for  various 
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conditions  of  loading  are  given.  The  chapters  illustrating  the  application  of 
influence  lines  to  fixed  and  continuous  beams,  arches  and  expansion  bridges, 
together  with  those  on  stresses  in  arches,  make  this  volume  particularly 
useful  and  valuable  to  the  designer  of  structures  of  any  of  these  types  of 
structures. 

A  very  clear  presentation  of  deflections  of  framed  structures  is  given, 
the  displacement  diagram  for  a  truss  with  unsymmetrical  loading  being  an 
unusual  feature  in  connection  with  the  treatment  of  this  subject. 

The  chapter  on  stresses  in  portals  and  wind  bracing  is  a  thorough  dis- 
cussion of  the  theory,  but  its  application  to  practical  problems  is  not  so  well 
presented  as  it  is  in  several  American  texts. 

The  chapter  on  secondary  stresses  is  for  the  most  part  a  collection  of 
American  publications. 

There  are  numerous  typographical  errors  throughout  this  volume,  none 
of  which,  however,  are  of  a  serious  or  misleading  nature.  E.  S.  A. 

Reinforced  Concrete  Construction.  Vol.  II.  Retaining  Walls  and  Build- 
ings. Prepared  in  the  Extension  Division  of  the  University  of  Wis- 
consin, by  George  A.  Hool,  of  the  University  of  Wisconsin.  McGraw 
Hill  Book  Co.,  New  York,  1913.  6x9  in.;  666  pp.,  including  index;  411 
text-figures  and  3.3  plates,  line  drawings  and  half-tone  cuts ;  cloth-bound. 
Price,  $5.00. 

This  is  a  very  complete  work  and  is  worthy  of  close  study.  The  first 
volume  of  this  series  was  issued  in  1912  under  the  name  of  "The  Elements 
of  Structures"  and  was  noted  in  the  pages  of  our  Journal,  Vol.  XVII,  page 
282,  March,  1912'.  The  substance  of  Vol.  I  was  the  fundamental  principle 
of  reinforced  concrete  construction,  and  it  has  been  adopted  as  a  text-book 
in  some  of  the  engineering  schools.  This  second  volume  treats  of  the  design 
and  construction  of  Retaining  Walls  (Part  I)  and  of  Buildings  (Part  II). 
The  first  part  is  subdivided  into  Chapter  I,  Theory  of  Stability;  Chapter 
II,  Design,  and  Chapter  III,  Construction. 

In  Part  II  of  this  work.  Buildings,  the  text  is  divided  into  Section  1, 
Design,  Chapters  IV  to  XVII,  inclusive ;  Section  2,  Construction,  Chapters 
XVIII  to  XXIV,  inclusive,  and  Section  3,  Estimating,  Chapters  XXV  to 
XXVII,  inclusive.  An  Appendix  of  45  pages,  the  "Second  Report  of  Joint 
Committee  on  Concrete  and  Reinforced  Concrete,"  concludes  this  valuable 
book. 

The  Design  of  Buildings  is  considered  under  the  subdivision  of  Floors, 
Types  of  Reinforcement,  Roofs,  Columns,  Foundations,  Walls  and  Parti- 
tions, Stairs,  Elevator  Shafts,  Contraction  and  Expansion,  Shears  and 
Moments  in  Continuous  Beams,  Eccentric  Loads  in  Columns,  Wind  Stresses, 
etc. 

Under  the  head  of  Construction,  Section  2,  the  subjects  considered  are: 
Materials,  Forms,  Placing  Reinforcement,  Proportioning,  Mixing  and  Plac- 
ing of  Concrete,  Finishing  Concrete  Surfaces,  Waterproofing  of  Concrete, 
and  with  a  chapter  on  Construction  Plant  by  A.  W.  Ransome,  which  is  full 
of  interest  and  value. 

The  very  important  subject  of  Estimating,  by  Leslie  H.  Allen,  is  the 
subject  of  Section  3, — Unit  Costs,  Quantities,  and  a  worked  out  "Example 
of  an  Estimate  for  a  Concrete  Building"  as  the  concluding  chapter.  This 
enumeration  of  the  sundry  chapters  of  this  book  is  presented  to  give  one 
some  idea  of  the  scope  and  extent  of  this  book.  The  multitude  of  illustra- 
tions makes  the  book  that  much  more  interesting  and  valuable.  As  a  text- 
book for  the  engineering  student,  not  the  least  valuable  feature  is  the  intro- 
duction of  problems,  to  be  worked  out  as  an  exercise  to  show  the  young 
man's  understanding  of  the  subject.  These  solved  problems,  it  is  presum- 
able, are  to  be  submitted  to  the  instructor  for  verification  and  criticism.  It 
is  a  great  advantage  that  the  present-day  student  has  over  those  of  a  pre- 
ceding generation,  to  have  available  such  books  as  these  by  Professor  Hool. 
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Design  of  Plate  Gikukks.     By  Lewis  K.  Moore,  B.  S.,  C.  E.,  Assoc.  M.  A. 

S.    C.    E..    M.    \V.    S.    E.,    Associate    Professor    Structural    Engineering. 

Massachusetts  Institute  of  Technology.     New  York,  1913.     McGraw-Hill 

Book  Company.    280  pages ;  many  illustrations  and  figures  in  text ;  cloth ; 

6J^x9i/$  in.     Price,  $3.00  net. 

The  special  value  of  this  work  is  very  aptly  stated  in  the  following 
words  from  the  preface:  "This  book  has  been  written  with  an  idea  of 
explaining  dearly  and  in  detail  the  reasons  underlying  designing,  showing 
the  assumptions  made  in  given  cases  and  giving  as  far  as  possible  alternative 
methods,  indicating  what  seems  to  be  the  best  way  and  then  allowing  the 
student  more  or  less  of  a  choice  as  to  the  method  to  be  pursued." 

The  work  is  carefully  written  and  points  are  as  clearly  explained  as  pos- 
sible, making  it  a  good  text-book  for  college  students  or  for  general  reference 
in  designing  office  or  drawing  room. 

Having  in  mind  the  many  text-books  already  written  on  the  subject  of 
stresses  in  girders,  the  author  passes  over  this  portion  of  the  work  quite 
briefly. 

Probable  action  of  rivets  under  stress  is  carefully  considered  and  demon- 
strations given  showing  possible  spacings  for  taking  out  minimum  area  for 
tension  members. 

The  theory  upon  which  girders  are  designed  is. discussed  at  some  length. 
The  usual  assumptions  are  compared  with  the  true  formulae  and  the  dis- 
cussion brings  out  the  variation  between  them,  and  shows  approximately 
where  the  usual  method  may  be  safely  used  and  where  exact  methods  must 
be  used  to  insure  safe  work. 

A  through  and  a  deck  girder  are  completely  designed,  the  stresses  being 
assumed.  These  chapters  have  the  advantage  of  discussing  stresses  and 
sections  under  actual  loads  and  using  the  specifications  of  one  of  the  large 
railroad  systems  of  the  country.  The  usual  assumptions  and  exact  methods 
are  again  compared  with  the  result  that,  excepting  in  extreme  cases,  the 
usual  assumptions  arc  generally  found  to  err  on  the  safe  side.  One  point 
in  which  the  author  differs  from  the  commonly  accepted  practice,  however, 
is  his  advocacy  of  placing  the  thinner  cover  plate  next  to  the  flange  angles 
and  the  thicker  ones  to  the  outside. 

Design  of  box  plate  girders  is  discussed,  fixed  loads  being  assumed  and 
an  actual  girder  completely  designed. 

A  very  valuable  chapter  entitled  "Shop  hints  for  structural  draftsmen" 
closes  the  body  of  the  b<iok.  The  shop  and  field  work  is  too  often  over- 
looked in  designing  and  detailing  plate  girders,  and  this  chapter  may  well 
be  read  by  all  engaged  in  such  work. 

For  the  purpose  of  designing  as  nearly  as  possible  under  actual  working 
conditions,  the  complete  specifications  for  railroad  bridges,  of  the  New  York. 
New  Haven  &-  Hartford  Railroad  of  1012.  nre  reprinted,  by  permission  of 
Mr.  \V.  H.  Moore.  Engineer  of  Bridges  of  that  company. 

Sixty-five  pages  of  tables  and  diagrams  much  used  in  designing  girders 
close  the  book.  E.  H.  C. 

The  Panama  Gateway.  By  J.  B.  Bishop,  Sccretarv  Isthmian  Canal  Com- 
mission. New  York.  19n.  Charles  Scribner's  Sons.  Cloth-bound; 
r>xn  in.;  l.Sn  pp.;  1  map  and  many  illustrations,  including  a  photo-engrav- 
ing of  "Geo.  W.  Goethals."     Price.  $'?..'')n. 

The  author  of  this  very  interesting  work  had  unusual  oppfirtunities  for 
gaining  the  knowledge  he  shows  of  the  operations  at  Panama.  His  state- 
ments, it  is  reasonable  to  suppose,  are  correct,  and  it  would  appear  that 
only  the  iletailcd  government  reports  might  be  more  complete  and  enable 
a  reader  to  have  a  more  comprehensive  knowledge  of  the  subject.  The 
matter  is  presented  in  a  very  pleasing  and  enterfaiin'ng  manner,  as  well  as 
in  a  logical  or<lcr. 
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In  Part  I  is  the  History,  from  1502  to  1879,  of  Columbus  and  His  Search 
for  a  Hidden  Strait,  Balboa  and  His  Discovery,  Founding  of  Old  Panama, 
First  Transit  Routes  Across  the  Isthmus,  and  Early  Projects  for  a  Waterway, 
Awakening  of  American  Interest,  First  Panama  Railroad,  etc. 

Part  II  relates  to  the  French  Effort  and  Failure,  1879  to  1902,  Methods 
of  De  Lesseps,  First  Visit  to  the  Isthmus,  Cost  of  Proposed  Canal,  Work  on 
the  Isthmus,  and  Life  there  in  French  Days,  Return  of  De  Lesseps  to  France, 
and  Collapse  of  the  Company,  the  New  French  Canal  Company. 

Part  III  continues  the  record,  relating  to  the  American  Purchase  and 
Control,  1902-1904,  including  the  controversy  between  advocates  of  different 
routes,  the  Panama  Revolution,  and  the  Creation  of  the  Republic  of  Panama. 
The  preceding  covers  nearly  one-half  of  the  contents  of  the  book. 

In  Part  IV  is  given  the  Period  of  Construction,  1904  to  1915,  with  the 
beginnings  of  American  Rule  and  Work,  the  Inefficiency  of  a  Seven-Headed 
Executive  Body,  the  Reorganization  of  the  Commission  with  Mr.  Stevens 
as  Chief  Engineer,  and  the  visit  of  President  Roosevelt.  This  is  followed 
by  the  Third  Commission,  with  the  United  States  Engineers  in  charge. 
Succeeding  chapters  treat  more  in  detail  the  canal  construction,  the  Culebra 
Cut,  the  Gatun  Dam  and  Locks,  the  Dams  and  Locks  of  the  Pacific  Side,  the 
Sanitation  of  the  Isthmus,  how  the  results  were  secured,  and  the  Evolutions 
of  a  "Benevolent  Despotism."  Many  other  matters  are  introduced  in  these 
chapters,  which  are  of  interest  to  engineers,  including  the  value  of  the  French 
property,  comparison  of  French  and  American  excavating  machinery,  and 
biographical  notices  of  Veterans  in  the  Canal  Service,  among  which  several 
are  members  of  the  Western  Society  of  Engineers. 

Finally  Part  V,  The  Completed  Canal,  gives  much  detailed  information 
about  the  dams,  locks  and  gates,  movements  of  vessels  through  the  canal, 
etc.  Finally  a  copious  index  makes  the  information  contained  in  the  book 
so  much  more  available.  The  author  "has  painted  a  picture  of  the  work 
undertaken  and  accomplished  in  the  Zone,  which  neither  sacrifices  concise- 
ness to  interest  nor  interest  to  accuracy."  The  "book  bids  fair  to  become 
the  standard  reference  book  concerning  the  Panama  Canal." 

Desriptions  of  Land.  A  Text-Book  .  for  Survey  Students.  By  R.  W.  Caut- 
ley,  D.  L.  S.,  B.  C.  L.  S.,  A.  L.  S.  New  York,  The  MacmiUan  Com- 
pany.    Cloth;  5-in.  by  7-in. ;  90  pp.;  ill.     Price  $1.00. 

This  is  a  thoroughly  good  book.  The  formidable  alphabetical  adorn- 
ment of  the  author's  name  translated  means.  Dominion  Land  Surveyor, 
British  Columbia  Land  Surveyor,  Alberta  Land  Surveyor,  for  in  the  Angli- 
cized neighboring  country  to  the  north  of  us  surveyors  must  pass  severe 
state  examinations  to  procure  a  license  and  the  abbreviations  of  the  titles 
conferred  seem  to  have  the  prescience  of  college  degrees.  When  a  man  who 
has  passed  the  severe  ordeals  imposed,  and  has  worked  for  the  number  of 
years  the  author  has  worked,  he  should  have  something  to  say  well  worth 
while.  That  it  is  worth  while  is  shown  by  the  commendable  brevity  with 
which  he  has  treated  his  subject.  It  reads  like  the  writings  of  a  man  with 
something  to  say,  who  wishes  to  dispose  of  his  subject  just  as  soon  as  he 
has  made  it  clear. 

That  the  book  was  written  by  a  Canadian  does  not  make  it  of  doubtful 
value  to  men  in  the  United  States.  Only  principles  of  common  law  are 
enunciated  and  the  laws  and  statutes  of  the  United  States  are  based  on 
the  English  common  law.  When  the  American  reader  substitutes  "County 
Recorder"  for  "Registrar,"  or  "Office  of  County  Recorder"  for  "Land 
Titles  Office,"  and  "Manual  of  Instructions  for  Resurvey  of  the  Public 
Lands  of  the  United  States"  for  "Dominion  Lands  Act,"  he  makes  all  the 
changes  required  to  render  the  book  as  serviceable  south  of,  as  it  is  intended 
to  be  north  of,  parallel  of  latitude  54°  40'  North. 

The  average  lawyer,  especially  the  lawyer  in  the  country  town,  is  ignorant 
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of  THE  ERROR,  something  impressed  upon  the  mind  of  the  surveyor  with 
increasing  force  as  the  years  go  by.  The  book  therefore  should  be  read 
by  all  lawyers  and  is  an  excellent  little  work  a  surveyor  can  present  to  a 
lawyer  with  whom  he  may  have  dealings,  when  the  opinion  of  the  lawyer 
clashes  with  the  facts  obtained  by  the  surveyor.  Another  excellent  book 
of  the  same  class  is  "Landmarks  and  Boundaries,"  by  Mulford.  The  library 
uf  the  up-to-date  surveyor  cannot  be  hereafter  considered  complete  without 
both  these  little  books  prepared  by  competent  surveyors  with  abundant 
experience  in  problems  overlapping  the  work  of  both  lawyers  and  surveyors. 

McC. 

Meteorology.  A  Text-Book  on  the  Weather,  the  Causes  of  its  Changes, 
and  Weather  Forecasting,  for  the  Student  and  General  Reader.  Willis 
Isbister  Milham,  Ph.  D.  The  Macmillan  Co.,  N.  Y.  1912.  Cloth,  6  by 
9  in.  540  pp.  and  50  full-page  charts,  with  156  illustrations,  including 
some  full-page  halftones.     Price  $4.50. 

The  author  of  this  valuable  and  interesting  treatise  on  the  weather  is 
one  of  the  faculty  at  Williams  College,  and  this  book  is  the  outcome  of  a 
course  on  Meteorology  (an  elective  course),  with  the  Junior  and  Senior 
students.  It  is  essentially  a  text  book,  as  would  be  evident  on  inspection 
of  its  arrangement,  with  marginal  comments,  the  review  questions,  the 
topics  for  investigation,  and  practical  exercises.  This  text  is  divided  into 
numbered  sections,  which  is  of  assistance  for  reference  to  some  specific 
statement.  As  the  book  is  intended  for  the  general  reader  as  well  as  student, 
it  is  hoped  that  these  features  of  a  text-book  will  not  detract  from  the 
interest  in  the  matter  presented.  While  not  an  "elementary  treatise,"  the 
book  starts  at  the  beginning  and  no  previous  knowledge  of  meteorology 
itself  is  anywhere  assumed.  References  have  been  added  at  the  end  of  the 
chapters,  which  include  pamphlets  and  articles  in  periodical  literature.  These 
give  the  student  the  sources  for  further  readings.  Though  the  book  has 
assumed  some  size  and  weight,  and  is  full  and  complete  enough  for  the 
general  reader  or  student,  some  aspects  of  meteorology  have  not  been  con- 
sidered. Thus  there  is  no  part  of  the  book  given  to  Mathematical  Meteor- 
ology, Meteorology  and  Medicine,  the  influence  of  climate  on  man,  nor  a 
history  of  meteorology.  The  book  does  not  attempt  a  complete  elucidation, 
of  the  subject,  but  it  does  contain  a  fairly  full  statement  of  the  present 
state  of  the  science. 

In  Part  I  there  are  eight  chapters,  relating  to  the  atmosphere,  the  heat- 
ing and  cooling  of  the  same,  observations  on  its  temperature,  the  pressure 
and  circulation  of  the  atmosphere  and  its  moisture;  also  its  secondary  cir- 
culation, including  cyclones,  thunder  showers,  whirlwinds,  and  the  like. 

Part  II,  of  five  chapters,  gives  some  consideration  to  climate,  floods  and 
river  stages,  and  atmospheric  electricity,  optics  and  acoustics.  The  many 
fllustrations  through  the  book  greatly  enhance  its  value,  and  the  tables 
furnish  the  basis  of  many  interesting  studies  and  comparisons. 

Altogether  the  book  is  to  be  recommended  to  the  general  reader  inter- 
ested in  natural  science,  or  to  the  investigator  in  any  special  meteorological 
phenomena. 

Observations  in  Meteorology.     Relating  to  temperature,  winds,  atmospheric 
pressure,  aqueous  phenomena  of  the  atmosphere,  weather  changes,  etc. ; 
being   the    results   of    a    Meteorological    Ji)urnal,    kept    for    19   years    in 
Cambridgeshire,   England,   by   the   Rev.   Leonard   Jenyns,   London,    1858. 
This  is  an  appropriate  book  to  be  associated   with   the  preceding  text- 
book on   Meteorology.     It  is  not  a  treatise,  but  a   faithful   record  of  daily 
observations    for    nineteen    years,    at    one    small    place,    SwafTham    Bullwck, 
between  seven  and  eight  miles  E.  N.  E.  of  Cambridge  and  bordering  on  the 
Kens  of  that  county.    The  elevation  is  low,  about  20  ft.  above  sea  level.    The 
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observations  were  limited  to  the  thermometer,  barometer,  wind  direction  and 
precipitation.  It  is  to  be  noted  that  these  observations  were  made  and  the 
book  written  more  than  fifty  years  ago,  and  that  much  knowledge  of  meteor- 
ology has  been  built  up  in  that  time.  Much  valuable  work  has  been  done 
by  the  Weather  Bureau  of  this  country  (and  abroad),  yet  this  journal  of 
a  painstaking  observer  at  one  small  place  in  England  is  a  valuable  supple- 
ment to  other  writings   on   Meteorology. 

Beginning  with  the  Thermometer  and  Temperature  in  Chapter  I,  the 
subject  of  Winds  occupies  Chapter  II,  and  Chapter  III  follows  with  the 
Barometer  and  Atmospheric  Pressure.  Chapter  IV  takes  up  the  Aqueous 
Phenomena  of  the  Atmosphere,  which  is  followed  by  Thunderstorms  in 
Chapter  V,  and  General  Observations  on  the  weather  in  Chapter  VI. 
Weather  Prognostications  (Chapter  VII)  is  interesting  as  showing  the  lack 
of  scientific  basis  for  many  forecasts,  based  on  the  phase  of  the  moon  and 
the  like.  Chapter  VIII  treats  of  Climate,  more  particularly  of  Cambridge- 
-shire.  As  remarked  above,  the  value  of  the  book,  apart  from  its  personal 
narrative  journalistic  style,  is  as  a  source  of  study  of  observed  meteorological 
phenomena,  at  one  locality,  over  a  long  term  of  years. 
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RETAINING  WALLS 

Failures,  Theories  and  Safety   Factors. 

James  Warren  Pearl,  m.  w.  s.  e. 

Presented  December  i,  IQ13. 

In  presenting  to  the  Society  the  examples  and  methods  of  de- 
sign suggested  in  this  paper,  it  may  be  well  to  state  at  once  that  the 
aim  of  the  writer  is  not  to  present  a  diagnosis  of  all  failures  or  a 
remedy  for  all  the  evils  incident  to  the  designing,  construction,  and 
maintenance  of  retaining  walls,  and  he  asks  the  indulgence  of  the 
audience  in  a  few  preliminary  remarks  indicating  the  necessity  of 
revised  rules  for  dimensions. 

"It  is  stated  as  the  experience  of  Voisan  Bey,  the  Engineer-in- 
Chief  of  the  Suez  Canal,  that  he  had  never  found  a  long  line  of  quay 
wall  which,  on  close  inspection,  proved  to  be  perfectly  straight  in 
line  and  free  from  indication  of  movement." 

In  the  same  treatise  this  statement  is  made :  "The  most  treach- 
erous of  all  strata  from  the  point  of  foundation  for  a  quay  wall  is 
blue  clay." 

Not  long  ago  an  engineer  in  one  of  the  principal  cities  along 
the  shores  of  the  Great  Lakes  stated  that  about  nineteen  out  of 
twenty  of  the  retaining  walls  he  had  examined  were  out  of  line  in 
some  respect,  and  his  remarks  implied  that  the  engineering  profes- 
sion should  be  debited  with  the  defects.    The  charge  may  be  correct. 

Not  infrequently  we  hear  of  a  retaining  wall  that  has  lived  an 
upright  and  honest  life  for  one  or  several  years  in  accordance  with 
all  the  rules  of  the  best  engineering  society  and  then  yields  to  some 
invisible  temptation  that  the  oldest  and  best  members  of  the  society 
cannot  detect.  And  occasionally  we  hear  of  a  wall  that  does  not 
remain  in  good  standing  long  enough  for  the  builder  to  collect  his 
pay  for  constructing  it. 

Are  such  results  satisfactory  engineering? 

A  structure  supported  upon  a  fluid  is  maintained  in  its  position 
with  a  factor  of  safety  of  one;  it  may  settle,  deflect,  tip  or  travel, 
but  so  long  as  it  is  supported  its  factor  of  safety  is  always  one, 
whatever  its  position  may  happen  to  be. 
^m  A  structure  supported  on  a  solid  may  ordinarily  have  a  factor 

I^B    of  safety  of  five,  and  in  some  cases  twenty  or  more. 
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On  the  intermediate,  earthy  material,  which  may  be  called  a 
semi-fluid  or  semi-solid,  and  upon  which  material  most  retaining 
walls  are  built,  it  appears  to  be.  but  rational  and  prudent  engineer- 
ing to  provide  for  a  factor  of  safety  intermediate  between  one  and 
five,  wherever  the  conditions  and  character  of  the  semi-solid  will 
permit.  Allowance  is  thus  made  for  unknown  physical  character- 
istics or  contingencies,  and  a  line  of  structures  may  be  produced  of 
which  nineteen  out  of  twenty  will  stand  perpetually  true  to  line 
and  level. 

It  is  believed  to  be  the  rule  rather  than  the  exception  among 
engineers  to  design  retaining  walls  without  a  thought  as  to  the 
factor  of  safety  they  may  have  so  long  as  the  resultant  pressure 
passes  within  the  middle  third  of  the  base.  Others  will  follow  the 
good  old  easy  rule  of  Trautwine  and  make  the  base  0.4  of  the 
height,  place  the  footing  below  the  frost  line,  provide  weep  holes 
for  the  drainage  of  the  back  filling,  and  take  a  chance  on  the  pres- 
sure on  foundation  and  clogging  of  weep  holes,  either  of  which 
may  cause  disaster. 

Malverd  A.  Howe,  in  his  treatise  on  retaining  walls,  gives 
diagrams  of  forty  walls,  most  of  them  designed  and  built  by  prac- 
tical, or  at  least  practicing,  railroad  engineers.  The  walls  vary  in 
height  from  12  to  28  ft.,  with  an  average  height  of  20  ft.  The  bases 
are  generally  at  depths  of  4  to  5  ft.  below  the  ground  level,  and  the 
width  of  bases  varies  frnm  0.30  to  0.69  of  the  height,  with  an  aver- 
age of  0.49. 

Many  of  these  walls  have  moved  from  2  in.  to  15  in.,  and  one 
whose  base  was  45%  of  its  height  and  founded  on  rock  has  tipped 
over. 

The  record  appears  to  represent  "common  practice"  and  a  nearly 
even  wager  as  to  whether  the  walls  would  stand  or  yield ;  they  may 
be  said  to  have  a  factor  of  safety  of  approximately  one. 

If  the  designers  of  these  walls  required  a  steel  superstructure, 
they  would  probably  require  a  safety  factor  of  four  or  five  in  the 
structure  and  a  liberal  allowance  for  impact  and  corrosion.  In  the 
steel  structure  the  loads  and  the  strength  of  steel  are  very  definitely 
fixed,  while  the  lateral  pressure  of  filling  and  the  bearing  capacity 
of  earth  are  neither  well  known  nor  constant.  The  writer  is 
unable  to  understand  the  logic  of  such  a  wide  variation  of  factors. 
The  fact  that  the  failure  of  the  wall  is  less  liable  to  kill  as  many 
people  is  not  adef|uate  reason  for  blindly  following  precedent  and 
rules  of  thumb  for  retaining  wall  designs. 

About  two  years  ago  a  large  gravity  wall  of  roughly  trapezoidal 
section.  40.6  ft.  high  and  18.5  ft.  thick  a^  the  ba.«;e  (base  45%  of 
height),  constructed  along  the  new  New  York  State  Barge  Canal, 
failed  hy  sliding  and  ])artially  overturning  when  the  hack  filling  was 
about  half  completed.  The  initial  movement  of  this  wall  was  no- 
ticed, but  back  filling  continued  and  alxiut  ten  days  later  the  final 
movement,  covering  a  period  of  four  hours,  carried  the  toe  outward 
10  ft.  and  downward  4  ft.,  while  the  top  moved  outward  18  ft.    The 
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foundation  of  the  wall  was  hard  gravel  with  some  boulders — too 
hard  to  drive  piles — and  the  section  that  failed  was  about  400  ft. 
long;  weight  about  14,000  tons. 

Assuming  that  the  back  filling  was  thoroughly  saturated, 
weighed  120  lb.  per  cu.  ft.,  and  exerted  hydrostatic  pressure,  it  ap- 
pears that  the  resultant  pressure  passed  dangerously  near  the  middle 
third  limit,  and  the  pressure  upon  the  gravel  at  the  toe  was  nearly 
7,800  lb.  per  sq.  ft.  If  the  filling  material  was  but  partially  sat- 
urated so  that  it  would  stand  at  a  slope  of  4  horizontal  to  1  vertical, 
it  would,  according  to  common  methods  of  estimating,  exert  a  lat- 
eral pressure  about  60%  of  the  previous  case,  the  resultant  would 
fall  well  within  the  middle  third  of  the  base,  and  the  pressure  at  toe 
would  be  only  about  6,600  lb.  per  sq.  ft. 

It  is  reasonable  to  presume  that  the  true  condition  lies  between 
the  limits  given  above,  but  let  us  examine  another  case. 

Assuming  that  the  back  filling  was  dry,  granular  material  of 
the  same  weight  per  cubic  foot  and  having  an  angle  of  repose  of 
iy2  horizontal  to  1  vertical,  the  resultant  pressure  would  pass  into 
the  quarter  width  from  toe  and  the  pressure  at  toe  would  be  about 
10,500  lb.  per  sq.  ft.  The  writer  concludes  that  the  designer  was 
so  lazy  an  engineer  that  he  applied  the  old  rule  of  base  equal  to 
0.4  of  the  height  and  allowed  about  10%  for  "engineering  and  con- 
tingencies," or  he  may  be  a  believer  in  the  old  adage,  "Lazy  folks 
take  the  most  pains  and  fools  work  the  hardest"  and  simply  applied 
the  practical  knowledge  acquired  by  long  experience  to  dictate  the 
lines  of  the  structure.     There  are  such  engineers. 

Failures  of  prominent  structures  are  instructive  to  the  engi- 
neering profession  in  proportion  to  the  accuracy  and  amount  o7 
publicity  given  to  them  by  the  engineering  press.  The  knowledge 
gained  by  this  means  always  seems  to  take  root  a  little  deeper  and 
live  a  little  longer  in  the  memory  than  the  example  of  any  successful 
structure  or  a  mathematical  digest  of  how  it  should  be  built.  It  is 
noticeable  that  in  accounts  in  the  technical  papers,  in  the  majority 
of  cases  tenderness  pervades  the  account  of  details  and  charity 
prevails  in  the  omission  of  the  names  of  designers  and  builders. 
The  law  pronounces  the  newly  made  friend  who  sells  the  Logan 
Monument  to  a  trusting  rustic,  a  criminal,  and  the  daily  press  pub- 
lishes the  name  of  the  oflfender  who  collects  the  money  that  way. 
Then  why  should  the  name  of  the  man  or  men  who  get  the  money 
by  designing  and  building  a  wall  that  may  fall  upon  and  crush 
the  owner  or  others  be  too  sacred  to  mention  ?  Is  he  or  are  they  less 
criminal  ? 

The  wall  mentioned  above  was  to  serve  as  an  abutment  for  a 
railroad  bridge,  and  the  length  of  the  abutment  indicates  that  it  was 
for  a  railroad  of  at  least  four  tracks.  The  pressure  added  at  the 
toe  of  the  wall  by  the  bridge  and  its  load  would  be  considerable 
because  the  bridge  seats  were  near  the  face  of  the  wall,  but  the 
amount  cannot  be  computed  with  the  data  available. 

The  engineering  paper  in  which  the  failure  was  recorded  at- 
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tributes  the  disaster  to  the  dynamic  effect  of  dropping  scraper  bucket 
loads  of  earth  in  making  the  fill.  As  the  bucket  loads  probably- 
weighed  less  than  four  tons  and  consisted  of  loose  earth  dropped 
on  loose  earth,  it  is  difficult  to  understand  how  the  four  tons  moved 
the  14,000  tons  beyond  a  safe  range  of  elasticity,  and  more  difficult 
to  comprehend  how  the  "dynamic  effect"  was  prolonged  through  the 
period  of  four  hours  occupied  in  moving  an  average  distance  of 
about  12  ft. 

The  application  of  mathematics  to  designing  engineering  struc-j 
tures  has  been  greatly  extended  in  the  last  quarter  century,  and 
most  of  the  engineers  who  "graduated"  that  long  ago  have  failed 
to  advance  with  the  tide,  and  even  may  have  forgotten  how  to  use 
more  than  the  rudiments  in  the  limited  field  of  their  practice.  Such 
engineers  and  those  who  graduated  from  the  front  end  of  the  chain 
are  inclined  to  scoff  at  the  formulae  of  the  professors  and  young 
engineers  because  they  can  neither  use  nor  understand  them.  I 
urge  young  men  in  the  profession  to  humor  those  older  men  of  easy- 
engineering  virtue  who  base  their  claim  to  competence  on  the 
number  of  years  they  have  practiced  and  dictate  designs  without 
rule  or  reason,  but  don't  forget  your  mathematics, — acquire  more 
when  possible  and  apply  it  when  permitted. 

When  the  president  of  a  company  calls  for  the  present  value  of 
a  sinking  fund  compounded  thrice  annually  at  3.9%  per  annum, 
the  gentleman  with  prolonged  practice  is  liable  to  have  other  urgent 
demands  on  his  time  until  he  can  consult  the  cub-engineer  in  the 
back  room.  Had  he  been  called  upon  for  the  dimensions  required 
for  a  beam,  an  arch,  or  a  retaining  wall  he  could  have  answered  at 
once.  The  greatest  difference  in  the  two  requisitions  lies  in  the 
fact  that  the  president  and  chief  clerk  might  be  able  to  check  up 
on  the  curve  of  the  sinking  fund. 

The  many  failures  of  walls  and  dams  have  caused  some  engi- 
neers to  require  that  the  resultant  pressure  pass  through  or  back 
of  the  center  of  the  base, — this  is  another  extreme. 

Of  the  many  theories  regarding  the  internal  pressures  existing 
in  earth,  that  advanced  by  Rankine  about  the  year  1857  is  most  gen- 
erally accepted  in  this  country.  In  Europe,  I  am  informed  that 
Coulomb's  tht^>ry  of  a  ])lane  of  rupture  or  wedge  of  least  resist- 
ance is  preferred.  Readers  desiring  to  investigate  all  the  theories 
will  find  a  very  complete  list  of  reference  in  "Retaining  Walls  for 
Earth,"  by  Malverd  A.  Howe,  Fifth  Edition.  1911,  page  99. 

As  Rankinc's  theory  is  general,  being  but  a  special  case  of  the 
general  subject  of  internal  stress  in  a  homogeneous  body,  which 
condition  of  stress  is  represented  by  an  ellipse  or  an  ellipsoid,  it  is 
considered  the  most  reliable.  It  has  the  additional  merit  that  it 
may  be  applied  to  a  fill  or  a  foundation,  while  the  Coulomb  formula 
is  limited  to  pressure  produced  by  filling. 

Tn  the  general  case  the  equations  of  Rankine  may  be  applied 
to  a  ball  of  putty,  a  block  of  rubber,  or  a  bar  of  steel,  but  for  the 
special  case  of  a  granular  material,  the  tensile  strength  or  adhesion 
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is  considered  to  be  zero,  and  the  shearing  strength  is  limited  to  the 
frictional  resistance  between  the  particles  and  is  represented  by  the 
angle  of  repose  of  the  material. 

This  noted  authority  states :  "Earth  work  gives  way  by  slip- 
ping or  sliding  of  its  parts  on  each  other;  and  its  stability  arises 
from  resistance  to  the  tendency  to  slip.  In  a  mass  of  earth,  as  com- 
monly understood,  resistance  arises  partly  from  friction  between  the 
grains  and  partly  from  their  mutual  adhesion;  which  latter  force  is 
considerable  in  some  kinds  of  earth  such  as  clay,  especially  when 
moist.  But  adhesion  of  earth  is  gradually  destroyed  by  the  action 
of  air  and  moisture,  and  changes  of  weather,  and  especially  alter- 
nate freezing  and  thawing;  so  that  its  friction  is  the  only  force 
which  can  be  relied  upon  to  produce  permanent  stability." 

In  his  Civil  Engineering,  1877,  page  324,  he  states:  "There 
is  a  mathematical  theory  of  the  combined  action  of  friction  and 
adhesion  in  earth;  but  for  want  of  precise  experimental  data,  its 
practical  utility  is  doubtful," 

Various  writers  during  the  past  50  years  have  assailed  the 
theories  of  Rankine  with  little  effect.  Sir  Benjamin  Baker  made 
experiments  with  boards  placed  at  various  angles  and  found  that 
the  lateral  pressure  was  quite  as  much  when  the  inclined  board  was 
placed  at  an  angle  of  1^  to  1  as  when  it  was  placed  at  half  that 
angle ;  and  used  the  results  to  discredit  earlier  theories.  In  the  dia- 
grams it  will  be  shown,  especially  in  Fig.  3,  that  the  results  are  what 
should  be  expected  from  Coulomb's  or  Rankine's  formulae  when 
properly  interpreted. 

Professor  Weyrauch  presented  a  theory  about  35  years  ago  and 
confidently  endorsed  it  in  the  following  words :  "It  is  free  from  all 
the  objections  which  may  be  urged  against  all  others  and  can  be 
used  with  confidence." 

Another  writer  quotes  an  experiment  with  fine  shot  which  gave 
results  nearly  double  those  computed  by  Coulomb's  theory,  and,  I 
presume,  Rankine's,  thus  discrediting  both.  Experiments  by  E.  P. 
Goodrich  indicate  a  great  variation  between  the  angle  of  repose 
and  angle  of  internal  friction  in  many  materials,  and  this  may  ac- 
count for  the  unexpected  results  in  the  experiments  with  shot. 

A  writer  on  masonry  construction  in  this  country  attacks  Ran- 
kine's theories  and  quotes  as  follows, — "but  for  want  of  precise 
experimental  data  its  practical  utility  is  doubtful,"  to  indicate  that 
the  renowned  professor  had  but  little  confidence  in  his  own  equa- 
tions. This  mutilation  of  a  paragraph  covering  an  entirely  separate 
subject,  and  using  but  half  of  it  to  discredit  the  theories  applied  to  a 
condition  devoid  of  adhesion,  was  an  unfortunate  mis-step  that  was 
retracted  by  the  omission  of  it  in  later  editions,  but  without  apology. 

In  developing  the  special  formulae  for  earth  pressures  Rankine, 
in  his  Applied  Mechanics,  on  page  212,  says :  "Previous  researches 
on  this  subject  are  based  on  some  mathematical  artifice  or  assump- 

Ition,  such  as  Coulomb's  'Wedge  of  Least  Resistance.'  Researches 
so  based,  although  leading  to  true  solution  in  many  special  prob- 
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kins,  are  both  limited  in  the  application  of  their  results,  and  un- 
satisfactory in  a  scientific  point  of  view.  I  propose,  therefore,  to 
investigate  the  mathematical  theory  of  the  frictional  stability  of  a 
•-'nular  mass,  without  the  aid  of  any  artifice  or  assumption,  and 
from  the  following  sole 
Principle: 

The  resistance  to  displacement  by  sliding  along  a  given  plane 
in  a  loose  granular  mass,  is  equal  to  the  normal  pressure  exerted 
betzveen  the  parts  of  the  mass  on  either  side  of  that  plane,  mul- 
tiplied by  specific  constant. 

The  specific  constant  is  the  coefficient  of  friction  of  the  mass, 
and  is  the  tangent  of  the  angle  of  repose." 

As  previously  mentioned,  the  angle  of  repose  and  the  angle  of 
internal  friction  are  not  always  the  same.  This  is  a  physical  charac- 
teristic of  various  materials  not  recognized  50  years  ago,  which 
aflfects  the  constant  used  by  Rankine  without  vitiating  his  mathe- 
matical processes  or  the  theory  of  conjugate  pressures. 

A  very  general  method  of  determining  the  maximum  pressure 
of  filling  against  a  retaining  wall  is  to  assume  a  series  of  planes 
passing  through  the  heel  of  the  wall,  compute  the  weight  above 
each  plane  and  consider  it  to  act  on  an  inclined  surface  with  a 
coefficient  of  friction  equal  to  the  internal  friction  in  the  material. 
The  back  of  the  wall  may  have  any  inclination  desired.  The  top  of 
the  filling  may  likewise  have  any  desired  slope  and  the  direction 
of  the  pressure  upon  the  back  of  the  wall  may  be  assumed  in  any 
direction  to  suit  the  fancy  of  the  designer.  But  a  number  of  planes 
must  be  used  and  a  number  of  directions  for  the  pressure  upon  the 
wall  must  be  computed  to  determine  the  maximum.  The  process  is 
tedious. 

To  illustrate  a  simpler  method  I  will  assume  a  simple  case, 
that  of  a  wall  with  a  vertical  back  retaining  a  level  fill  as  shown 
in  Fig.  1 : 

Let  B  C  represent  a  plane  passing  through  the  heel  at  B  and 
making  any  angle  ^  with  A  B  greater  than  zero  and  less  than  the 
angle  A  B  D.  Tt  will  be  shown  later  that  there  may  be  considerable 
variation  in  the  value  of  /8  without  material  variation  in  the  result, 
or  that  an  irregular  or  curved  surface  of  rupture  is  quite  accurately 
represented  by  the  plane  B  C. 

Let  IV  equal  the  weight  of  the  filling  above  the  plane  B  C,  and 

P  the  pressure  on  the  back  of  the  wall,  both  per  lineal  foot  of  wall : 

Let  zv  equal  the  weight  per  cubic  foot  and  4>  equal  the  angle  of 

repose  of  the  filling  material,  and  tangent  <f>  will  be  taken  as  the 

coefficient  of  internal  friction  of  the  material. 

Then  IV  = tan  ft  for  a  wall  of  height  h. 

2 

The  forces  IV  and  P  will  be  resolved  into  components  parallel 
and  perpendicular  to  ^  C  as  shown  in  Fig.  2.  and  the  value  of  P 
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will  be  determined  by  drawing  the  line  a  d,  making  the  angle  ^  with 
the  normal  a  c  io  b  c. 

The  total  force  acting  downward  paralled  to  B  C  ^^  W  cos  ^, 
must  equal  the  summation  of  the  resistances,  so  we  have : 

W  cos  P^=W  sin  /?  tan  <^+P  cos  /?  tan  <^+P  sin   p. 


Whence  P=^ tan  ^8 

2 


/cos  p — sin  p  tan  4>    \ 

\sin /?+cos  ^  tan  (^    / 
cot  <^ — tan  IB 


wh-      /cot  4, — tan  jB  \ 
2       Vcot  <^+cot  /?  / 


Eq.   1. 


For  this  particular  case  the  value  of  P  could  be  written  at  once 
from  Fig.  2,  as  follows: 

7vh- 

P=W  tan  (90—cf>—p)= tan  (3  cot  (cl>+l3) Eq.  2. 

2 

The  complete  diagram  of  forces  is  easier  to  understand  and 
preferable  for  discussion. 


Fig.  2 


Assume  now  that  </>  is  the  angle  of  internal  friction  (the  natural 
slope  may  have  the  same  or  any  other  value),  and  that  for  a  given 
homogeneous  earth,  4>  equals  33°  40'  or  is  the  angle  corresponding 
to  a  slope  of  1^^  horizontal  to  1  vertical: 

For  </)  constant  and  (3  variable  the  factor  /  ^°'  «/>— tan  /3 

in  Equation  1  becomes : 


iB.    Pel 

L 


/  cot  </>— tan  /3\ 

\  cot  </>+cot /3/ 

For   p=    10°,      15°,     20°,      25°,     30°,     40°,       45°,      50'^ 
Factor=0.187,  0.235,  0.267,  0.284,  0.285,  0.247,    0.200,  0.132 
The  maximum  value  is  for  ^=28°  10'  and  is  0.286. 
This  shows  that  a  single  value  may  represent  any  plane  be- 
tween ^=20°  and  j8=40°  with  a  maximum  variation  of  only  10% 
and  an  average  variation  of  about  6%  ;  or  that  the  summation  of 

February,  1914 


120 


Pearl — Rrtaiuiug  1  Vails 


an  irregular  or  curved  surface  of  rupture  with  various  angles  be- 
tween 20°  and  40°  may  be  closely  represented  by  a  straight  line 
when  the  value  of  4>  is  uniform  throughout  the  mass. 

In  Fig.  3  the  values  of  the  above  factors  are  plotted  from  the 
zero  line  in  their  true  angular  position  in  the  quadrant  and  produce 
the  curve  a  b  c. 

For  /?  constant  and  equal  to  28°  10'  and  <f>  variable,  the  factor 


(cot  (/>— tan  p  \ 
cot  «^+cot  ^  / 


in  Equation  1  becomes 


For    <f,^^    10°,      15°,     20°,     25°,      30°,     40°,      .50°,     60° 
Factor=0.68,     0.57,     0.48,     0.40,    0.33,     0.21,     0.11,    0.02 
This  shows  that  the  value  of  <f>  is  the  predominating  function 
in  the  expression.    The  values  are  plotted  in  their  true  angular  po- 
sition in  Fig.  3  and  form  the  curve  d  e  f. 

Sir    Benjamin    Baker's    experiments    are    quoted    as    showing 

Diagram  of  values 


of  Factor 


Cof^  T»  Cof/6 


hardly  any  difference  in  the  lateral  pressure  of  earth,  whether  the 
lK)ard  was  placed  at  an  angle  of  ^^  to  1  or  horizontal.  The  result 
is  precisely  what  should  be  expected  if  the  board  was  not  lubri- 
cated, and  the  report  does  not  indicate  that  such  an  anomalous  con- 
dition was  used  in  the  tests.  The  slope  of  14  to  1  corresponds 
to  a  value  of  26°  40'  for  our  )8  and  it  will  be  noted  that  a  variation 
of  only  2/286  should  be  found  between  values  of  28°  10'  and  25°, 
so  the  variation  betwen  28°  10'  and  26°  40'  would  be  only  about 
one-third  of  one  per  cent. 

For  all  positions  of  the  board  at  an  angle  greater  than  28°  10' 
from  the  vertical  our  formula  indicates  that  the  lateral  pressure 
.•should  be  constant  unless  the  coefficient  of  friction  between  the  ma- 
terial and  the  boanl  was  materially  less  than  the  coefficient  of  in- 
ternal friction  of  the  material. 
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Notice  that  Equation  1  is  based  on  homogeneous  material  and 
not  on  a  planed  board  or  any  other  abnormal  condition.  If  the 
coefficient  of  friction  in  the  material  below  the  plane  was  less,  it 
might  affect  the  value  of  the  lateral  pressure,  but  if  it  was  greater 
it  would  not. 

Returning  to  Equation  1  and  applying  Calculus,  with  <f>  con- 
stant for  any  given  material: 

dP    ivh^  (cot  <^-f  cot  p)  (— sec^/?)— (cot  <^— tan  y8)  (— cosec^  fi) 


2  (cot  (^+coti8)2 

Placing  this  equal  to  zero  and  reducing: 


cot  4>         cot  /?         cot  </> 

+ 

cos^  P         cos^  P        sin^  fi 


tan  ^ 


sin^^ 


=  0 


Reducing  — cot  <^  sin^  /? — cot  ^  sin^  ^+cot  <\>  cos-  jS — tan  /?  cos-/3=0 
or  —cot  4>  tan^  yS— cot  ^  tan^  y8-f  cot  <^— tan  /S-=0 

or  cot  (^  ( 1— tan^  ^8)— 2  tan  /?=0 

2  tan  p 

or  cot<^= ^^tan  2  /3 

1— tan^  y8 

1  <i> 
.•.)8=— (90— <^)=45 

2  2 

Substituting  this  value  of  /?  in  Equation  1  there  results : 

cos  <^       1 

cot  <^— tan  Yz   (90°—<f>)  \        %vh^ 

)=  7" 


ivh' 


i 


Pmax  =  — \cot  </>+cot  >^   (90°— <^) 

cos-  <^ — sin  ^+sin^  ^ 


;os  (90— <^) 


sin  <i>         sin  (90 — <^) 


cos  <^         sin  (90 — ^) 

+ 

*■  sin  </»       1— cos  (90 — <^) 


2 


sin  (^  cos  <^ 


cos  ^ — sin  </)  cos  ^-j-sin  </>  cos  <^ 

sin  ^ — sin-  <^ 
tc/i"  (1 — sin  </))-    w/j-  (1 — sin  <^y 


Whence: 
Pmax= 
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2  (1— sin2  </,) 


■  wh^  /     1 — sin  (^  \ 
2       V     1+sin  </)/ 
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This  is  the  famiHar  form  of  Rankine's  equation  for  the  lateral 
pressure  of  earth  against  a  vertical  wall  when  the  top  of  the  earth 
is  level,  although  developed  by  an  entirely  different  line  of  reason- 
ing and  mathematics. 

Substituting  the  value  of  (3  in  Equation  2  there  results: 

P  max=  —  tan  (45° )  cot  (<^+45° ) 

2  2  2 


But  cot  (45^H )=  tan  (45°- 

2 


<i> 


Hence,  P  max 


wh^  <f> 

tan^  (45° ) 

2  2 


Eq.  4. 


This  is  the  favorite  form  used  in  European  countries  for  com- 
puting the  lateral  pressures  of  earth  against  a  vertical  retaining  wall. 

E(|uation  4  may  be  .'il>o  (ibtaiiK-d  fnmi  Equation  3  by  the  fol- 
lowing substidilioM  : 


1— cos   (t'O— </»)] 


1-fcos  (90—.^) 


sin=  1/2   (90°— 1/>)  <t> 

>~^ -=tan=  (45° ) 

cos=  Yz   (90"— e^)  2 


Since  llicsc  four  equations  are  identical  in  value  and  Equation  3 
is  true  for  a  vertical  wall  and  horizontal  top,  it  follows  that  any 
variation  from  a  vertical  wall  and  horizontal  top  will  cause  a  varia- 
tion in  the  value  oi  fi  for  maximum  pressure,  and  it  also  follows 
that  the  popular  mctlvjd  of  bisecting  the  angle  between  the  angle 
of  repose  and  the  vertical,  and  using  the  wedge  between  such  a 
bisecting  plane  and  the  wall  to  determine  the  maxinuim  pressure 
on  the  wall  is  true  only  xvhen  the  angle  of  internal  friction  is  the 
same  as  the  angle  of  repose  and  the  top  of  the  fill  is  level. 

For  a  superimposed  load  of  IV  pounds  per  square  foot  on  the 
level  earth,  the  factor  IV'htnn  (3  would  be  added  to  the  weight  JV. 
in  tlie  preliminary  equation ;  the  center  of  pressure  would  move  to 

the  right,  and  the  value  of  /3  would  be  greater  than   (45 ). 

2 

Similar  changes  would  result  from  a  fill  sloping  upward  and  away 
from  the  wall,  and  opposite  variations  would  result  from  a  fill  sloi> 
ing  downward  and  away  from  the  wall.  Walls  with  the  back  in- 
clined toward  or  away  from  the  fill  may  be  considered  as  planes 
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lemoving  or  adding  a  known  weight  to  IV.  In  fact,  the  method 
is  believed  to  be  perfectly  general. 

With  corrections  to  Equation  1  to  cover  the  variations  from 
the  case  illustrated,  the  value  of  fi  giving  the  maximum  P  may  be 
determined  in  one  operation  by  Calculus,  or  a  series  of  imaginary 
planes  may  be  computed  and  the  maximum  selected.  For  the  lat- 
ter method,  the  curves  in  Fig.  3  indicate  that  the  value  of  /?  in  the 

</> 

vicinity  of  45® may,  for  a  given  material,  vary  5°  without  ma- 

2 

terial  change  in  the  force  P,  so  it  will  not  be  necessary  to  compute 
sections  at  intervals  closer  than  10°  to  secure  fairly  accurate  results. 

The  value  of  the  coefficient  of  internal  friction,  as  has  been 
shown,  is  the  predominating  argument  in  all  methods  of  computa- 
tion and  should  be  determined  with  care  and  for  the  most  unfa- 
vorable variations  of  saturation,  shock,  and  vibration  that  may  be 
anticipated  in  any  case.  Engineers  are  urged  to  read  and  study  the 
report  of  E.  P.  Goodrich,  in  the  Transactions  of  the  American  So- 
ciety of  Civil  Eng^ineers,  Vol.  53,  1904,  regarding  these  phenomena, 
and  to  collect  and  report  similar  data. 

When  no  better  data  are  available,  the  angle  of  repose  may  be 
used  with  caution. 

Some  writers  maintain  that  the  friction  of  the  earth  upon  the 
back  of  the  wall  should  be  considered  in  the  design.  In  some  in- 
stances this  may  be  justifiable,  but  cases  have  been  reported  which 
show  a  settlement  of  the  wall  away  from  the  filling  material,  which 
is  in  a  measure  plausible  when  the  pressure  upon  the  foundation 
is  excessive  and  the  adhesion  within  the  filling  is  considerable.  It 
is  not  safe  to  depend  upon  this  friction  in  ordinary  cases. 

The  friction  upon  the  back  of  the  wall  may  be  allowed  for  in 
the  diagram  Fig.  2  by  drawing  the  line  b  d'  making  the  angle  d  b  d' 
equal  to  the  angle  of  friction  between  the  earth  and  wall.  This 
line  b  d'  will  then  give  the  direction  and  amount  of  P  with  the  fric- 
tion considered,  and  Equation  2  should  be  revised  to  express  it. 

With  the  friction  on  the  back  of  the  wall  neglected,  to  be  con- 
sistent, the  direction  of  P  must  be  taken  normal  to  that  surface ;  in 
the  case  of  a  wall  with  the  back  stepped  and  having  vertical  faces, 
the  weight  of  the  earth  above  the  steps  may  be  omitted  from  W 
and  added  to  the  weight  of  the  wall  without  material  error. 

To  determine  the  point  of  application  of  P,  locate  the  center 
of  gravity  of  the  earth  and  surcharge,  or  superimposed  load,  above 
the  plane  B  C,  Fig.  1,  and  the  intersection  of  a  vertical  through 
this  center  of  gravity  with  the  plane  B  C  will  locate  the  point 
desired. 

In  the  preparation  of  standards  for  the  design  of  subways  in 
the  city  of  Chicago,  where  much  of  the  work  must  be  done  in  the 
most  unreliable  of  earths  for  foundation  purposes, — blue  clay  of  va- 
rious degrees  of  saturation  and  plasticity, — the  writer  has  not 
deemed  it  prudent  to  accept  "thumb  rules"  for  the  lateral  pressure 
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on  walls,  or  the  building  code  for  permissible  pressures  on  footings. 

It  does  not  appear  logical  to  place  a  load  of  3CXX)  or  4000  lb. 
per  sq.  ft.  on  a  building  foundation,  whether  it  be  located  at  a  depth 
of  4  ft.  or  40  ft.  below  surrounding  surfaces  of  earth.  The  irregu- 
lar floors  in  many  existing  buildings  are  sufficient  evidence  that  the 
rule  is  wrong  or  that  the  engineers  made  gross  errors  in  comput- 
ing the  loads ;  equally  irregular  movement  in  subway  construction 
would  result  in  incalculable  damage  to  adjacent  buildings,  eorae 
of  which  are  already  in  as  unsightly  a  condition  as  any  critic  could 
desire. 

The  theory  of  Rankine  has  been  used  for  earth  pressures  be- 
cause it  may  be  applied  to  either  walls  or  foundations,  or  to  sur- 
faces at  any  other  angles  when  the  value  of  the  internal  friction  of 
the  material  has  been  determined  and  direct  pressure  on  contigu- 
ous earth  is  known. 

In  relatively  stiff  material,  that  is,  those  earths  having  a  high 
coefficient  of  friction,  the  range  between  the  active  pressures  and 
passive  resistances  permits  a  factor  of  safety  in  design  that  will  ap- 
proach the  usual  allowance  for  structural  material ;  but  in  the  softer, 
plastic  materials  it  is  sometimes  difficult  to  secure  a  factor  of  safety 
of  one  for  all  the  variations  of  loads. 

In  designing  retaining  walls  with  a  variable  load  on  either  or 
both  sides  of  the  wall,  the  first  guess  on  the  dimensions  will  be 
wide  of  the  mark  if  any  limits  are  placed  on  the  foundation  pres- 
sures at  heel  and  toe.  If,  in  addition  to  this,  a  great  variety  of 
material  is  to  be  provided  for,  which  may  be  the  same  or  different 
underneath  and  back  of  the  wall,  and  a  margin  of  safety  as  liberal 
as  can  be  obtained  is  sought,  the  "cut  and  try"  method  becomes 
very  tedious. 

All  attempts  to  express  the  conditions  required  for  a  practical 
wall  section  resulted  in  equations  too  complicated  for  ordinary  use. 
To  produce  a  workable  equation,  an  impracticable  wall  was  assumed, 
as  represented  by  Type  P,  Fig.  4,  which  illustrates  a  wall  whose  cross 
section  is  an  oblique  parabolic  spandril, — the  batter  on  the  back 
being  equal  to  131/^%  of  the  base. 

The  area  of  (his  section  =  1-3  b  h,  so  the  weight  per  lineal  foot 
for  a  concrete  wall  =  48  &  h,  and  the  center  of  gravity  of  the  sec- 
tion is  at  a  distance  of  one-third  the-  base  and  one-quarter  the 
height  from  the  heel,  all  of  which  materially  simplifies  equations 
for  computing  pressures  at  both  edges  of  the  base. 

The  units  used  in  computations  are  pounds,  feet,  square  feet, 
and  cubic  feet,  and  a  section  of  wall  one  foot  long.  The  symbols 
in  equations  and  text  arc  as  follows : 

Height  of  earth  retained,  above  base h 

"        "       "       above  toe  v 

Width  of  base b 

Total  pressure  on  hack  of  wall,  due  to  surface  load F, 

"       "      "     "        "     "  earth   retained     T. 

"  front  "     "        **     "  surface  load   R, 

earth  above  toe /?, 
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Intensity  of  Pressure  on  Foundation  at  heel  h 

»<  "  a  i-  ..  .    ^  rh 

rr>i   •    ,  ^^  ^Oe.   .......  V, 

Thickness  of  base  for  wall  of  Tvpe  L J 

Angle  of  internal  friction  (or  angle  of  repose)  .  . .  .  .    .  . .  . .  . .  . .  .  .  ."<^ 

1 — sin  <i> 

Coefficient  determined  by f^ 

1+sin  <^ 


Factor  of  safety . 


,f 


The  valucb  ol  k  and  tlie  factors  of  safety  desircu     , 
materials  represented  by  <f>  are  given  in  Fig.  4. 

It  is  always  desirable  to  have  the  resultant  pressure  upon  the 
foundation  material  pass  the  base  as  near  its  center  as  the  variable 
loads,  surrounding  conditions,  and  element  of  cost  will  permit ;  and 
when  the  supporting-  material  is  so  plastic  or  perfectly  granular 
that  it  is  liable  to  flow,  the  values  of  pb  and  pt  should  be  such  as  to 
permit  some  disturbance  in  the  surrounding  material  by  excavations 
relieving  pressure,  or  additional  loads  on  foundations  near  by  with- 
out danger.  In  other  words,  there  are  many  reasons  for  the  de- 
termination of  />h  and  pt  and  applying  a  factor  of  safety. 

The  values  oi  pi  and  pt  should  always  be  positive,  so  a  dia- 
gram of  the  pressures  on  a  safe  foundation  will  always  be  repre- 
sented by  a  trapezoid  in  which  ph  and  pt  are  the  vertical  compo- 
nents of  the  parallel  sides,  and  /'  is  the  horizontal  distance  between 
them ;  a  line  drawn  diagonally  through  two  opposite  corners  of  the 
trapezoid  will  then  divide  the  foundation  pressure  into  two  part§, 
one  of  which  is  fully  represented  by  pb  and  b  and  the  other  by  pt 
and  b. 

The  minimum  pressure  under  the  heel  of  a  wall  should  be 
ample  to  resist  any  tendency  to  flow  produced  by  the  earth  retained 
and  its  surface  load,  and  is  expressed  by  the  fornuda, 

pumin.  =  (500+120/0  k^f. 

This  places  a  mininuun  limit  on  the  width  of  base  which  is  given 
by  liquation  1,  Fig.  4. 

This  Equation  1  (Fig.  4)  is  deduced  by  taking  the  moment  of 
all  forces  about  a  center  located  in  the  base  of  the  wall  at  a  point 
one-third  b  from  the  toe.  This  center  for  moments  is  selected  to 
eliminate  the  moment  of  that  portion  of  the  pressure  on  the  founda- 
tion represented  by  pt. 

The  mininuun  pressure  under  the  toe  of  the  wall  should  like- 
wise he  amjile  t<»  resist  any  tenilcncy  to  flow  produced  by  the  earth 
at  the  toe  of  the  wall  and  the  surface  load  at  and  to  the  right  of 
the  toe.  and  is  expressed  by  the  fornuda 

Pt  min  r=  (.-^OO-f-lZOy)   h'f. 

This  places  a  maxinuun  limit  on  the  width  which  is  given  by  Ecjua- 
tion  3.  Fig.  4. 

,This  Equation  .S  (Fig.  4)  is  obtained  by  taking  moments  about 
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a  center  located  in  the  base  of  the  wall  at  a  point  one-third  b  from 
the  heel,  so  that  the  weight  of  the  wall  and  that  portion  of  the  foun- 
dation pressure  represented  by  pb  are  eliminated. 

The  maximum  pressure  under  the  toe  of  the  wall  should  not 
exceed  the  safe  bearing  value  of  the  earth  as  determined  by  the 
formula 

pi  max.  =  120y  -h  k-f. 

This  places  a  minimum  limit  on  the  width  of  base  which  is  ex- 
pressed by  Equation  2  (Fig.  4)  when  moments  are  taken  on  the 
line  of  base  at  a  point  one-third  b  from  the  heel. 

An  equation  may  also  be  written  to  provide  against  sliding  on 
the  base  as  follows  : 

P4-\-P^f=lV  y_f—R  K',  in  which  K'  is  the  coefficient  of  fric- 
tion between  the  base  and  the  supporting  material.    This  reduces  to 

1.25  k    f 

Min.  base= {h- — y--|-8.33/0 Eq.  5. 

k'  h 

In  all  the  preceding  equations  the  base  has  been  assumed  to 
be  horizontal ;  for  inclined  or  stepped  bases  the  corrections  required 
will  be  apparent  to  competent  designers,  and  these  notes  are  not 
intended  for  the  use  of  indifferent  members  of  the  profession. 

Figures  5,  6  and  7*  have  been  produced  from  Fig.  4,  and  Equa- 
tions 1,  2  and  3. 

These  diagrams  give  the  bases  required  for  walls  in  terms  of 
the  height,  for  heights  4  to  30  ft.  and  depths  of  toe  4  to  8  ft.,  rest- 
ing upon  and  retaining  materials  having  angles  of  internal  friction 
(angle  of  repose)  from  15°  to  45°  and  weighing  120  lb.  per  cu.  ft. 
when  subjected  to  either  of  the  surface  loads  stated  in  Fig.  4. 

Fig.  5  is  for  factors  of  safety  as  shown  in  table  in  Fig.  4. 

Fig.  6  is  for  a  factor  of  safety  of  one. 

Fig.  7  is  for  a  factor  of  safety  of  one  at  the  toe  and  zero  pres- 
sure at  the  heel. 

The  character  of  material  will,  for  convenience,  hereafter  be 
designated  by  its  angle  of  internal  friction. 

To  illustrate  the  use  of  tables  in  designing  a  wall,  assume  that 
an  embankment  18  ft.  high,  of  30°  material  weighing  120  lb.  per 
cu.  ft.  is  to  be  retained  by  a  wall  resting  on  similar  material  at  ^ 
depth  of  4  ft.  below  the  surface  at  toe;  that  the  surface  load  on 
the  back  of  the  wall  may  be  500  lb.  per  sq.  ft. ;  on  the  front  of  the 
wall  the  surface  load  may  be  300  lb.  per  sq.  ft.,  and  that  a  factor 
of  safetv  of  2.50  is  desired.  Enter  the  diagram  Fig.  5  on  the  line 
of  "Mat".  30°— 1\  S.-=2.50."  "Depth  of  Toc^l  ft."  at  .1/.  follow  the 
curve  down  and  to  the  right  to  dot  A^,  which  gives  0.64  as  the  widest 
base  that  will  have  the  desired  safety  against  inflow  of  cartii  at  toe: 
follow  on  down  the  curve  to  O,  opposite  height  of  wall  22  ft.,  which 
gives  0.8O  as  the  least  width  that  will  have  the  desired  safety  against 
outflow  of  earth  at  toe. 

The  dots  indicate  the  heights  of  wall  and  depths  of  toe  at  which 
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both  conditions  of  pt  may  be  satisfied,  and  the  curves  for  heel 
pressure  indicate  that  it  is  not  practical  to  secure  the  desired  safety 
factor  at  the  heel  of  a  wall.  These  curves,  however,  are  useful  for 
comparison  with  what  may  be  obtained  as  shown  in  Fig.  6. 

Next,  assume  a  depth  of  toe  8  ft.  and  all  other  conditions  as 
before.  Starting  from  M',  at  a  height  of  10.7  ft.,  at  A^',  both  condi- 
tions for  pt  will  be  satisfied  by  a  wall  whose  base  is  0.46  of  its 
height;  and  on  down  to  O'  a  wall  whose  base  is  0.66  of  its  height 
above  base,  will  afford  a  factor  of  safety  of  2.5  at  the  toe  with  all 
conditions  as  assumed. 

Referring  now  to  Fig,  6,  which  is  for  a  factor  of  safety  of  one^ 
and  using  a  depth  of  toe  of  4  ft.  and  all  other  conditions  as  before, 
following  the  same  letters  it  is  found  that  a  wall  with  a  base  equal 
0.39  of  its  total  height  will  satisfy  both  conditions  for  pi,  its  net 
height  will  be  only  1.9  ft.  and  its  base  2.7  ft.  The  base  required  at  a 
depth  of  22  ft.  at  0=0.57X22=12.54  ft.  for  a  net  height  of  18  ft. 

For  the  case  at  a  depth  of  8  ft.,  the  width  of  base  required  will 
be  0.42X26=10.9  ft.  for  the  same  net  height  of  18  ft. 

With  the  dimensions  selected  from  the  diagrams  for  Type  P 
wall,  the  approximate  dimensions  for  trapezoidal  or  other  sections 
may  be  selected  by  constructing  curves  for  equivalent  walls,  as  shown 
for  walls  of  Type  V,  or  Type  L,  Fig.  8,  or  by  other  means. 

The  form  of  Type  V  is  not  practical,  but  it  is  convenient  in 
making  computations,  and  a  practical  wall  for  reinforced  concrete 
work  will  result  by  reducing  somewhat  the  width  of  base  and  add- 
ing to  the  thickness  as  indicated  by  dotted  lines  on  base  and  stem. 

Type  L  is  a  practical  wall  for  reinforced  concrete  material  in 
subway  construction,  as  its  construction  requires  the  minimum 
width  of  excavation  and  interference  with  other  street  occupancy, 
and  the  parapet  is  required  to  protect  adjacent  areas. 

For  connections  to  elevated  railways,  the  base  may  be  reversed 
to  come  under  the  fill,  or  an  inverted  T  section  may  be  used ;  in 
either  case  the  weight  of  earth  over  the  base  in  the  fill  should  be 
included  with  the  weight  of  the  wall  in  the  computations. 

In  reinforced  concrete,  the  thicknesses  indicated  in  Fig.  4,  of 
h-^S>  for  V  walls  and  (l9-\rh)-hl6  for  L.  walls  will  generally  be 
as  strong  as  required,  depending  somewhat  on  the  dimensions  of  thj 
fillets,  but  they  will  not  be  as  heavy  as  required  on  walls  over  about 
12  ft.  high;  for  walls  of  greater  height,  it  is  advisable  to  increase 
the  thickness  and  diminish  the  reinforcing  rather  than  extend  thft 
base  to  secure  stability. 

The  Conversion  Diagrams  in  Fig.  8  solve  the  following  prob 
lems,  with  the  oblique  parabolic  spandril  section  as  a  modulus : 

1.     Determines  the  dimensions  and  location  of  the  center  o 
gravity  of  all  the  walls  of  the  V  type,  from  6  to  30  f*" 
high  and  from  2  to  4  ft.  thick,  having  the  same  base  an 
weight  as  Type  P. 

Example  :    Assume  a  wall  of  Type  P,  13  ft.  high  wit 
base  =  0.40/?-. 
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At  the  intersection  of  /z=13,  and  ratio  0.40  at  point  F, 
thickness  at  heel  is  indicated  by  the  dot  and  arrow  curve 
to  be  2.5  ft.,  and  following  the  horizontal  line  to  the  right 
at  the  intersection  of  curve  for  Type  V^2.5  ft.  at  G,  the. 
location  of  center  of  gravity  is  found  to  be  0.36  ft.  to  the 
left  of  the  center  of   gravity  of    the    wall    Type   P,   or 

(13X0.40X0.333)— 0.36=1.37  ft.  from  the  heel. 

2.  Walls  of  Type  V  with  same  base  and  center  of  gravity  as 
Type  P  are  not  practical. 

3.  Wall  of  Type  V  with  same  base,  weight,  and  center  of  grav- 
ity as  Type  P  are  not  possible. 

4.  Determines  the  dimensions  and  location  of  center  of  gravity 
of  all  walls  of  the  L  type,  within  the  limits  stated  above, 
having  the  same  base  and  zveight  as  Type  P. 

Example:  Assume  a  wall  of  Type  P,  16  ft.  high, 
with  base  =  0.55//. 

At  intersection  of  /?=16  and  ratio  of  0.55  at  M,  the 
full  line  curve  for  walls  of  equal  base  and  weight  gives 
thickness  2,5  ft. ;  and  following  the  horizontal  lines  to  the 
right  at  N  on  curve  for  L  walls  2.5  ft.  thick,  the  location  of 
center  of  gravity  is  given  at  0.28  ft.,  to  the  left  of  the 
center  of  gravity  of  a  wall  Type  P,  or 

(16X0.55X0.333)— 0.28=2.65  ft.  from  the  heel. 

5.  Determines  the  dimensions  and  weights  per  lineal  foot  of 
all  walls  of  the  L  type,  within  the  range  of  the  diagram, 
having  the  same  base  and  center  of  gravity  {horizontal) 
as  a  wall  of  Type  P. 

Example:  Assume  a  wall  of  Tvpe  P  22  ft.  high  with 
base  0.70/?. 

At  intersection  of  h=22  and  ratio  0.70  at  O.  the  full 
line  curve  for  walls  of  equal  base  and  center  of  gravity  gives 
thickness  ^=3.5  ft.,  and  upon  the  same  horizontal  at  the 
intersection  of  the  weight  curve  for  thickness  3.5  ft.  at  Q 
read  downward  to  weight  scale — 13,000  lb.  per  lin.  ft. — 
"more  or  less." 

6.  For  every  ratio  of  base  to  height  there  is  an  L  type  wall 
whose  base,  weight  and  center  of  gravity  coincides  with  the 

corresponding  values  for  walls  of  Type  P ;  these  values 
are  located  at  the  intersection  of  curves  for  equal  base  and 
weight  and  equal  base  and  center  of  gravity,  for  the  same 
thickness,  as  indicated  by  dots;  the  curve  drawn  through 
these  dots  establishes  a  dividing  line  for  the  designer  that 
may  be  utilized  as  follows :  If  the  intersection  of  a  height 
and  ratio  line  falls  above  this  curve,  the  center  of  gravity 
of  any  equivalent  wall  will  be  to  the  left  of  that  of  the  oblique 
parabolic  spandril  section  taken  as  a  modulus,  and  if  it 
falls  below  this  curve  the  weight  will  be  less  than  the 
modulus. 

7.  Another  curve  drawn  through  the  upper  left  ends  of  the 
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curves  for  equal  base  and  center  of  gravity  locates  a 
limit  below  which  this  condition  of  equality  is  impossible. 
8.  The  curves  at  the  bottom  of  Fig.  8  are  for  use  when  the 
earth  underneath  and  back  of  wall  have  different  char- 
acteristics, as  represented  by  the  angles  of  internal  friction 
(or  repose). 

If  the  material  under  a  wall  is  represented  by  40° 
and  the  material  retained  is  represented  by  20°  the  width 
of  base  with  a  factor  of  2.17  for  a  wall  12  ft.  high  with  the 
base  6  ft.  below  the  surface  (see  Fig.  5),  should  be  12  ft. 
if  foundation  material  was  the  same.  Enter  the  curves 
for  bases  at  the  intersection  of  lines  for  12  ft.  and  20°  at 
5"  and  follow  the  curve  up  to  the  line  of  40°  and  find  the 
width  of  base  at  T,  to  be  6.25  ft. 

If  the  materials  in  base  and  backing  are  reversed,  other 
conditions  being  the  same  (from  Fig.  5),  the  base  should  be 
0.34X12=4  ft.  Enter  the  curve  of  bases  at  the  intersec- 
tion of  40°  and  4  ft.  at  T'  and  follow  the  curve  down 
to  the  line  of  20°  and  find  the  width  of  base  at  S'  to  be 
7.5  ft. 

When  different  materials  are  to  be  considered,  the  con- 
version of  bases  should  always  precede  the  conversion  of 
walls. 
The  preceding  operations  will  give  the  approximate  dimensions 
required  for  a  wall,  and  to  minimize  the  labor  and  probability  of 
error  in  final  design  the  following  tables  are  offered. 

Ordinarily  the  friction  between  a  wall  and  the  earth  it  rests 
upon,  is  greater  than  the  internal  friction  in  the  earth,  so  the  tangent 
of  </)  will  be  used  as  the  resistance  to  sliding  on  the  base. 

(P,+P.-i?)  / 

Then =tan  6  should  not  exceed  the  tangent  of 

W 

<j)  given  near  the  top  in  Table  1. 

The  values  of  /  are  given  in  Fig.  4,  R  in  Table  1,  P  ^  in  Table  2, 
P„  in  Table  3,  P,,-\-P^=Pr  in  Table  4,  and  W  will  be  determined 
from  the  dimensions  selected  as  the  preliminary  design.  If  no  sur- 
face load  or  surcharge  is  provided  for,  P^  will  be  omitted. 

If  the  material  retained  or  at  toe  weighs  less  than  120  lb.  per 
cu.  ft.,  Py  and  R  should  be  correspondingly  reduced. 

If  the  result  exceeds  the  tangent  of  ^  the  base  of  the  wall 
should  be  inclined  or  stepped  at  an  angle  equal   {6 — </>). 

The  use  of  the  moments  A/,„  M",  A/s  and  Mj  and  the  values 
of  toe  and  heel  pressures  will  be  apparent  to  all  who  have  a 
thorough  understanding  of  Fig.  4,  and  should  not  be  used  by  others. 

I''igures  5  and  6  may  be  used  to  determine  the  approximate 
dimensions  of  walls  with  other  surface  loads  and  other  weights  of 
earth  as  follows : 

ExAMri.i::    Assume  a  wall  to  hold  an  embankment  18  ft.  high 
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of  30°  material  weighing  100  lb.  per  cii.  ft.  is  to  be  retained  by  a 
wall  resting  on  similar  material  at  a  depth  of  4  ft.  below  the  surface 
at  the  toe,  and  that  the  surface  load  on  the  embankment  may  be 
200  lb.  per  sq.  ft. 

From  Table  1,  Opposite    4  ft.  and  30°  take       427 

Multiply  by    20/120= 71 

From  Table  2,  Opposite  22  ft.  and  30°  take  70.986 

Multiply  by  100/120= 59,000 

From  Table  3,  Opposite  22  ft  and  30°  take  40,333 

Multiply  by  200/500= 16,133 


75,204 


L 


In  Table  4  under  30°  and  opposite  19  ft.,  the  nearest  equivalent 
overturning  moment  is  found  to  be  75,809  ft.  lb. 

A  wall  19  ft.  high  may  then  be  assumed  and  used  in  Figs.  5  or 
6  to  determine  the  approximate  base  required. 

For  general  use.  I  suggest  that  Figures  similar  to  5  and  6,  for 
material  weighing  100  lb.  per  cu.  ft.,  and  no  surface  load  or  sur- 
charge be  used  in  connection  with  tables  similar  to  1  and  2  upon 
the  same  basis ;  and  that  a  table  similar  to  Table  3,  but  for  a  surface 
load  of  1,000  lb.  per  sq.  ft.  would  be  most  convenient  for  conversion 
to  any  surface  load  desired.  To  select  an  approximate  base  for  a 
surface  loaded  embankment  wall  take  the  sum  of  M  and  Ms  and"^ 
select  a  higher  wall  of  equivalent  moment  to  use  in  tables  mentioned 
prepared  for  material  weighing  100  lb.  per  cu.  ft.  and  no  surface 
toad. 

Discussion. 

The  Author:  Referring  to  statements  by  Rankine,  quoted  on 
the  sixth  page  of  the  paper,  my  understanding  of  what  he  proposed 
to  do  was  nothing  more  than  passing  a  plane  through  a  body,  de- 
termining the  weight  above  that  plane  and  the  friction  on  the  plane, 
but  Rankine's  theory  of  conjugate  pressures  was  used  in  solving 
the  problem.  The  result,  as  will  be  shown  later,  is  the  same  in 
some  special  cases,  and  in  other  cases  where  it  seems  to  fail  I  be- 
lieve the  explanation  to  be  as  follows :  The  theories  of  Rankine 
have  been  discredited  because  they  failed  when  an  inclined  instead 
of  horizontal  fill  was  placed  against  a  wall.  If  you  will  read  his 
theory  of  conjugate  stresses  as  applied  to  earth  pressure,  and  the 
arguments  on  which  it  is  based,  you  will  find  it  is  based  on  unlimited 
planes,  not  on  limited  planes.  For  that  reason  different  results  are 
obtained  by  his  and  other  methods.  If  the  pressures  from  limited 
planes  were  used  in  calculation,  the  result  would  come  out  correct. 

W.  C.  Armstrong,  m.  w.  s.  e.  :  The  paper  is  a  very  interesting 
one  to  me  and  I  have  no  doubt  it  is  to  all  of  those  who  have  ever 
been  interested  in  retaining  walls.  I  think  it  is  always  profitable 
to  discuss  these  problems  from  a  mathematical  standpoint,  more 
particularly,  perhaps,  in  determining  the  laws  governing  the  design 
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rather  than  in  determining  actual  working  fonnulae.  I  have  not 
followed  the  mathematical  work  of  the  author  closely  enough  to 
attempt  to  discuss  it  except  in  a  very  general  way,  and  therefore 
will  not  attemi)t  to  make  any  criticisms  on  the  working  out  of  this 
problem.  There  are  some  things  in  which  1  would  perhaps  not  agree 
with  the  author.  Tn  fact,  if  we  were  all  agreed  on  the  subject  we 
would  not  have  imything  to  discuss. 

The  author's  statement  that  designers  of  retaining  walls  have 
followed  the  easy  rule-of -thumb,  not  making  any  calculations  on 
the  exact  pressure  under  the  toe  and  heel,  I  think  is  hardly  true  in 
the  present  day.  It  may  be  that  in  the  past  a  great  many  retaining 
walls  were  designed  in  that  way,  but  I  think  at  the  present  time 
most  engineers  design  their  walls  according  to  some  formula  or 
some  rule.  You  may  call  it  a  thumb  rule,  if  you  choose,  but  in  most 
cases,  if  it  is  a  thumb  rule,  it  is  derived  from  more  exact  mathe- 
matical calculations.  Tn  work  which  T  have  had  charge  of,  we  never 
have  designed  walls  in  which  we  did  not  calculate  the  pressure 
upon  the  base  both  at  the  toe  and  at  the  heel.  We  generally  have 
disregarded  the  (|uesti<Mi  of  whether  the  resultant  fell  within  the 
middle  tiiird,  because  we  have  worked  on  a  different  method  of  cal- 
culation ;  but  we  have  always  calculated  our  pressures — we  have 
never  guessed  at  them — and  I  think  that  will  be  found  generally  true 
of  most  of  the  walls  that  are  designed  and  built  at  the  present  time. 

I  doubt  whether  any  improvement  would  be  made  in  the  actual 
design  of  walls  if  we  used  more  exact  formulae  or  whether  any  bet- 
ter results  would  be  obtained  than  are  obtained  now  with  the  shorter 
methods  of  calculation.  1  would  not  want  to  discourage  the  use  of 
mathematics  and  1  think  it  is  an  excellent  thing  for  an  engineer  to 
keep  brushed  up  in  his  mathematics.  At  the  satue  time,  I  would 
want  to  add  the  additional  injunction  that  he  season  his  mathematical 
porridge  with  a  good  amount  of  common  sense.  The  two  always 
go  hand  in  hand  and  a  structure  designed  entirely  upon  mathematical 
deductions  often  proves  to  be  weak  in  many  essential  features. 

There  is  one  point  in  the  i)aper  that  is  not  very  clear  to  my  mind 
and  that  is  just  what  the  author  means  by  the  factor  of  safety  or 
how  he  would  ajjjjly  it.  The  factor  of  safety  is  ordinarily  applied 
in  engineering  design  by  using  a  unit  of  .stress  or  pressure  which 
will  be  well  within  the  .safe  limit.  If  we  will  assume,  for  instance, 
that  with  a  pressure  of  4,000  lb.  jier  s(|.  ft.  on  the  underlving  mate- 
rial, the  material  is  just  at  the  point  of  yielding  or  flowing,  then,  if 
we  take  half  that  amount,  or  2.000  lb.  per  s(\.  ft.,  as  the  allowable 
unit  pressure,  we  shall  have  a  factor  of  safety  of  two.  Now,  why 
is  it  not  just  as  well  to  use  a  unit  pressure  that  will  be  safe  rather 
than  to  introduce  this  factor  of  safety  as  an  additi(Mial  term  into 
the  calculation  ? 

The  author  refers  to  the  factor  of  safety  usually  u.sed  in  me- 
tallic structures  as  being  ivKnn  four  to  five.  We  do  not  use  a  factor 
of  from  four  to  five.     Tt  is  generally  assumed  in  steel  construction 
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that  we  use  a  factor  of  about  two,  although  a  steel  structure  designed 
according  to  present  practice  would  probably  not  fail  absolutely 
if  stressed  from  three  to  five  times  the  amount  for  which  it  is  de- 
signed, although  objectionable  deformation  might  take  place. 

Referring  to  Equation  3,  which  is  a  well-known  formula  for 
pressures,  it  is  a  very  easy  matter  to  reduce  this  to  a  simple  form 
and  make  it  readily  applicable.  Assuming  the  value  of  the  angle 
of  repose  at  1  J/2  horizontal  to  1  vertical,  corresponding  to  an  angle 
of  33°  and  40',  and  reducing  we  get 

P  =  0.143  w//-. 

If  we  assume  earth  to  weigh  100  lb.  per  cu.  ft.,  which  is  the 
weight  of  ordinary  filling,  this  would  become 

P  =  H.3h^. 

This  is  the  form  of  equation  I  have  used  in  designing  for  a  good 
many  years,  except  instead  of  the  coefficient  14.3  I  have  used  15, 
making  the  formula 

P^15/i- 

which  is  more  simple  and  gives  a  little  additional  safety. 

If  we  wish  to  assume  earth  filling  at  120  lb.  per  cu.  ft.,  we  sim- 
ply write 

P  =  I8h^ 

I  see  no  reason  for  not  using  such  simple  methods  in  actual  cal- 
culation, raiher  than  the  complicated  formulae  and  diagrams  that  fre- 
quently we  have  proposed.  It  makes  a  simple  method  of  determin- 
ing the  external  pressure.  From  this  we  can  readily  determine  the 
moment  of  the  pressure  or  the  overturning  moment.  Calculating 
the  weight  of  the  wall,  we  can  readily  determine  its  moment  around 
thei  center  of  the  base,  which  is  the  moment  of  resistance.  The 
combination  of  the  two  will  give  the  resultant  moment,  and  with 
the  resultant  moment  at  the  base  it  is  a  very  easy  matter  to  cal- 
culate the  actual  pressure  at  the  heel  and  toe. 

There  is  one  other  point  that  I  wish  to  mention :  No  matter 
how  accurately  and  carefully  formulae  for  retaining  walls  are 
worked  out,  we  have  to  apply  them  to  a  construction  in  which  the 
data  will  always  be  uncertain.  I  do  not  know  of  any  engineering 
structure  to  which  exact  mathematics  in  the  actual  design  is  less 
applicable  than  to  retaining  walls.  It  is  practically  impossible  to 
determine  the  angle  of  repose.  It  is  equally  difficult  to  determine 
the  angle  of  internal  friction ;  and  to  assume  that  the  angle  of  in- 
ternal friction  is  equal  to  the  angle  of  repose  may  lead  to  erroneous 
results,  although  I  do  not  understand  that  the  author  advocates  this 
in  all  cases. 

The  angle  of  internal  friction  of  the  material  we  have  under- 
lying the  city  of  Chicago  is  a  considerable  quantity.  How  much 
nobody  knows,  nor  will  they  ever.  know.    The  angle  of  repose  may 
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be  anything  from  zero  to  90°,  and  it  seems  to  me  that  the  best  way 
to  arrive  at  the  proper  sohition  of  this  problem  is  to  assume  a 
granular  material  of  proper  weight,  based  upon  the  ordinary  theo- 
ries, which  are  nearly  enough  correct  for  practice,  and  design  the 
wall  accordingly.  The  most  important  thing  to  be  determined  is 
the  pressure  which  the  underlying  material  will  stand.  That  is 
something  that  is  subject  to  experiment  and  can  be  determined 
with  a  reasonable  degree  of  accuracy,  but  the  angle  of  repose  and 
the  angle  of  internal  friction  are  things  that  cannot  be  accurately 
determined. 

O.  P.  Chamberlain,  m.  w.  s.  e.  :  In  years  gone  by  I  have  built 
a  good  many  retaining  walls.  There  is  one  feature  that  Mr.  Arm- 
strong has  mentioned  which  I  think  is  not  carefully  taken  into  con- 
sideration, and  that  is  the  character  of  material  upon  which  the 
wall  is  built.  I  think  the  engineer  makes  assumptions  as  to  his 
foundations  very  often  where  he  could  really  determine  the  char- 
acter of  the  material.  It  is  essential  that  the  character  of  the  wall 
and  the  width  of  the  wall  at  the  base  should  be  considered  in  ac- 
cordance with  the  surrounding  material  and  upon  which  it  is  con- 
structed. If  it  is  a  very  long  retaining  wall  there  may  be  a  con- 
siderable variation  in  the  character  of  the  foundation  within  a 
rather  short  distance.  While  that  can  be  determined  and  should  be 
determined,  it  has  been,  I  think,  common  practice  among  a  great 
many  of  the  engineers  to  design  the  wall  for  what  is  considered 
about  the  average  pressure  which  can  be  allowed  on  the  bearing 
material  and  put  the  wall  through  accordingly.  I  have  not  studied 
this  paper  carefully  enough  to  go  into  the  mathematics  of  the  ques- 
tion, but  my  own  practice  has  been  to  handle  the  matter  by  such 
simple  formulae  as  Mr.  Armstrong  has  suggested. 

/.  F.  Stern,  m.  w.  s.  e.  :  I  am  glad  the  chairman  called  for 
remarks  from  the  previous  speakers,  because  they  said  some  of 
the  things  I  might  have  said,  and  the  author  said  one  or  two  things 
about  which  1  might  have  made  some  remarks. 

I  wish  I  could  say,  as  Mr.  Armstrong  said,  that  there  is  one 
point  in  the  paper  which  I  cannot  understand.  There  is  not  only  one 
point  but  unfortunately  several  others  on  which  I  am  not  clear. 
It  reminds  me  of  a  friend  of  mine  who  was  going  to  a  doctor  for 
treatment  of  some  disease.  One  day  he  said,  "Do  you  know,  doctor, 
there  is  one  point  in  your  treatment  that  I  cannot  quite  under- 
stand." The  doctor  said,  "That  is  strange.  You  are  very  modest. 
I  have  spent  my  entire  life,  and  I  am  sixty,  working  on  that  propo- 
sition, and  now  you.  who  are  but  twenty  and  have  never  studied 
medicine,  find  there  is  one  point  about  this  treatment  which  you  do 
not  understand." 

I  have  built  quite  a  few  retaining  walls  in  my  time,  and  I 
remember  that  in  1901,  in  some  of  the  earliest  work  I  did,  which 
was  under  Mr.  .Armstrong's  direction,  we  went  into  the  proposition, 
or  thought  we  did,  quite  thoroughly.     I  have  since  come  to  the 
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conclusion  that  if  I  ever  know  as  much  about  it  as  I  thought  I 
knew  then,  I  shall  be  satisfied. 

In  some  ways  the  design  of  a  retaining  wall  is  like  the  design 
of  machinery  for  electrical  operation.  The  motors  are  put  in  to  do 
a  certain  duty.  You  have  a  certain  motor,  say  50  h.  p.,  and  you 
design  your  shafting  and  everything  else  for  that.  You  may  have 
a  starting  torque  of  200  h.  p.,  and  what  are  you  going  to  do,  de- 
sign your  machinery  for  the  200  h.  p.  ?  A  great  many  of  the  de- 
signers of  machinery  are  now  making  the  shafting  and  everything 
else  that  connects  to  the  motor  just  about  as  large  as  they  can  get 
into  the  machinery  house.  That  is  a  safe  way,  but,  as  the  speaker 
pointed  out,  it  is  not  the  economical  way  to  make  your  retaining 
walls  as  large  as  you  can  possibly  get  them. 

I  do  not  want  to  be  quoted  as  stating  that  I  do  not  believe  in 
mathematical  analysis,  but  I  want  to  say  what  I  said  at  a  recent 
meeting  at  which  the  subject  of  retaining  walls  was  discussed  by 
one  of  our  members.  As  I  remember  it,  he  proved  that  the  pres- 
sure on  a  wall  from  a  level  fill  was  the  same  as  that  from  a  sur- 
charged fill  at  the  angle  of  repose.  We  had  time  to  go  into  that 
paper  sometime  before  it  was  presented,  and  we  agreed  with  the 
speaker  that  the  pressure  at  the  very  top  of  the  wall  was  absolutely 
the  same  whether  it  was  a  level  fill  or  a  surcharged  fill,  but  that 
was  the  only  point  on  the  wall  where  you  would  get  the  same 
pressure  from  the  two  conditions.  That  is  the  trouble  with  mathe- 
matical analysis  unless  it  is  backed  by  one  of  the  things  that  the 
author  deprecates.  He  says  something  about  lazy  folks  taking  the 
most  pains,  and  refers  to  a  designer  who  was  so  lazy  an  engineer 
that  he  "simply  applied  the  practical  knowledge  acquired  by  long 
experience  to  dictate  the  lines  of  the  structure.  There  are  such 
engineers." 

I  said  at  that  meeting  that  I  thought  it  a  very  good  thing  that 
the  passing  on  the  design  of  structures  in  this  country  is  usually 
in  the  hands  of  a  man  of  seasoned  experience,  so  that  he  can  be 
classified  as  a  visual  engineer.  I  want  to  adhere  to  that  statement. 
If  you  design  a  structure  mathematically  and  you  look  at  it  and  it 
does  not  look  right  to  you,  figure  it  over  again  and  you  will  gen- 
erally find  where  you  made  the  mistake.  If  you  depend  upon 
mathematics  absolutely,  you  may  go  over  your  figures  two  or  three 
times  and  not  find  your  error ;  but  if  you  are  a  good  visual  engi- 
neer (and  the  men  who  build  structures  must  be  that,  they  must 
develop  that  sixth  sense,  as  it  were),  why,  then,  you  know  you  have 
made  a  mistake.  Those  of  us  in  charge  of  designing  cannot  go 
through  all  the  mathematics  in  the  design  of  a  large  structure,  in 
the  design  of  a  bridge,  or  possibly  in  the  complete  design  of  a 
retaining  wall;  there  are  too  many  other  things  to  do.  We  must 
be  ^le  to  know  instinctively,  when  looking  at  the  drawing,  whether 
it  is  right  or  not,  because  of  our  preliminary  training;  and  if  neces- 
sary, why,  then,  we  can  figure  it  to  show  that  it  is  wrong.     I  have 

February,  1914 


144  Discussion — Retaining  Halls 

a  good  deal  of  sympathy  and  a  good  deal  of  feeling  for  the  man 
who  looks  at  a  drawing  and  says,  "That  is  not  right.  It  doesn't 
look  right  to  me."  If  that  man  has  had  the  proper  preliminary 
training  he  generally  knows  what  he  is  talking  about  and  that  sort 
of  knowledge  is  generally  superior  to  the  knowledge  of  his  sub- 
ordinates and  to  the  results  which  they  have  attained  by  pure 
mathematical  analysis. 

With  regard  to  the  basis  of  computations,  in  practically  all  the 
designs  of  retaining  walls  that  I  have  had  under  my  direction,  we 
have  used  Rankine's  formula  as  amplified  and  brought  down  to  a 
working  basis  by  Professor  Charles  E.  Greene,  formerly  of  the 
University  of  Michigan,  whose  book  on  Graphics  is,  I  believe,  the 
best  ever  produced  in  this  country.  If  you  go  through  that  demon- 
stration where  you  liave  an  absolutely  graphical  analysis  and  find 
it  on  proper  assumptions  for  the  angle  of  repose  of  the  material, 
you  can  see  what  you  are  getting  to  and  you  can  tell,  when  you 
get  through,  whether  the  proposition  looks  right  or  not.  If  it  does 
not  look  right  you  can  go  through  a  few  lines  of  the  construction 
and  disccn'er  where  you  made  your  error  and  then  go  back  and  do 
it  right. 

Ernest  McCullough,  m.  w.  s.  e.  :  I  am  very  much  in  accord 
with  most  of  the  older  engineers  in  the  wish  to  use  simple  expres- 
sions for  obtaining  the  pressure  or  some  measure  of  the  forces 
that  would  tend  to  overturn  a  wall.  But  at  present  we  are  facing 
new  conditions. 

I  have  had  considerable  experience  in  designing  and  building 
retaining  walls,  and  used  for  years  a  formula  P-~\6lr,  based  on 
that  of  Coulomb's  theory  of  the  wedge  of  least  resistance  instead 
of  lAIv^,  or  15/?-,  which  Mr.  Armstrong  said  he  used.  Fig.  4 
ai7iounts  to  about  that,  taking  tlie  usual  condition  of  *.  The  rea- 
sons I  think  were  brought  out  pretty  clearly  three  or  four  years 
ago  in  a  discussion  in  this  room  on  retaining  walls. 

When  Sir  Benjamin  Baker's  paper,  which  is  so  often  referred 
to,  was  presented  before  the  Institution  of  Civil  Engineers,  he  was 
engaged  in  putting  in  about  forty  miles,  I  believe,  of  underground 
railways  (or  tubes  as  ICnglishmen  term  a  subway)  through  the  deep 
clay  underlying  the  city  of  London,  and  the  only  walls  designed 
in  those  days  were  of  the  gravity  type.  His  pai)cr  seemed  to  be 
nearly  the  last  word  in  English  on  retaining  walls,  except  for  a 
few  monographs  by  mathematically  inclined  professors,  until  re- 
cently the  introduction  of  reinforced  concrete  walls  has  compelled 
engineers  to  sit  ui>  and  take  notice.  Our  chief  reliance  for  some 
time  must  be  on  mathematics  until  a  new  fund  of  information  is 
acquired,  based  on  the  conditions  ]irescnting  themselves. 

The  clay  on  which  Chicago  is  built  is  (|uite  similar,  from  all 
descrii)tions  T  can  get  hold  of,  to  the  clay  underlying  London.  The 
conditions  under  which  the  subways  are  to  be  built  are  ver>'  simi- 
lar to  the  conditions  under  which  the  Tx^ndon  tubes  are  built,  which 
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called  forth  the  famous  discussions  of  engineers  in  the  early  70s. 
But  we  have  different  loadings  from  the  ones  they  had  in  those 
days,  with  a  more  intense  street  traffic.  This  paper  by  Mr.  Pearl 
is  the  first  contribution  Chicago  will  make  to  supplement  the  data 
obtained  in  London. 

At  present  the  older  engineers  can  design  a  wall  which  will 
look  strong,  their  experience  and  the  experience  of  many  genera- 
tions of  men  before  them  being  the  only  guide.  A  reinforced 
concrete  wall  can  be  designed  in  many  shapes  and  it  needs  more 
than  a  glance  from  an  experienced  eye  to  tell  that  it  is  safe. 

C.  R.  Dart,  u.  w.  s.  e.  :  I  am  inclined  to  agree  with  Mr.  Mc- 
CuUough.  We  have  new  problems  now  in  reinforced  concrete 
which  require  new  experience.  I  think  mathematics  is  going  to 
enter  into  the  question  more  than  has  been  the  case  in  the  past. 

B.  E.  Grant,  m.  w.  s.  e.  :  This  paper  reminds  me  in  a  way,  of  a 
remark  of  a  friend  of  mine  who  is  not  an  engineer,  but  who  has 
come  in  contact  with  many  engineers.  He  says  an  engineer  sits 
down  and  figures — makes  a  whole  lot  of  figures — and  when  he  gets 
through  he  guesses  at  it.  Now,  that  is  partly  true,  I  think,  of  re- 
taining walls.  An  engineer  ordinarily  does,  I  think,  when  he  first 
designs  a  retaining  wall,  make  a  whole  lot  of  figures  and  assumes 
conditions ;  when  he  gets  through  he  gradually  works  down  to  a 
simple  formula,  such  as  Mr.  Armstrong  suggests,  and,  in  a  way, 
guesses  at  it.  Of  course,  that  is  not  an  unskilled  guess.  It  is  a 
guess  based  on  past  experience,  and  that  remark  is  absolutely  right. 

The  author  refers,  on  the  second  page  of  his  paper,  to  the 
failure  of  the  large  gravity  wall  on  the  New  York  State  Barge 
Canal.  The  first  query  that  came  to  my  mind,  when  I  read  that  it 
failed,  was  as  to  how  the  filling  was  put  in  there.  A  little  further 
along  in  the  paper  the  author  says  the  fill  was  dropped.  He  does 
not  tell  us  the  conditions.  He  assumes  two  or  three  different 
conditions  here  and  then  tells  us  that  the  failure  could  not  be  due 
to  the  dropping.     I  am  not  altogether  sure  about  that. 

Some  years  ago,  when  the  Sanitary  District  of  Chicago  built 
several  miles  of  retaining  wall,  they  built  one  that  was  supposed 
to  be  amply  strong.  There  was  a  section  of  several  hundred  feet 
of  it  that  fell  and  surprised  not  only  the  contractor  but  I  think 
surprised  the  engineers.  At  that  time  I  think  it  was  considered 
that  the  failure  of  the  wall  was  due  to  the  filling  behind  it,  which 
was  dropped  from  derricks.  That  was  not  a  liquid  filling;  it  was 
solid  rock.  I  think  the  failure  was  due  very  largely  to  the  vibra- 
tion that  was  set  up ;  every  time  a  bucket  of  rock  was  dropped,  a 
L vibration  ran  along  the  wall,  and  it  has  always  been  my  idea  that 
it  was  the  vibration  and  shock  that  caused  the  failure  of  the  wall. 
John  F.  Hayford,  m.  w,  s.  e.  :  Reference  has  been  made  to 
the  failure  of  a  wall  on  the  New  York  Barge  Canal.  I  remember 
the  description  of  this  wall  which  appeared  in  the  Engineering 
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News,  and  also  that  some  of  the  buckets  dropped  their  loads  40  ft. 
So  it  seems  to  me,  in  readinj^  this  paper,  that  we  ought  to  put  the 
paragrapli   reading : 

"The  engineering  paper  in  which  the  failure  was  recorded 
attributes    the    disaster    to    the    dynamic    effect    of    dropping 
scraper  bucket  loads  of  earth  in  making  the  fill.    As  the  bucket 
'     loads  probably  weighed  less  than  four  tons  and  consisted  of 
loose  earth  dropped  on  loose  earth,  it  is  difficult  to  understand 
how  the  four  tons  moved  the  14,000  tons  beyond  a  safe  range 
of  elasticity,  and  more  difficult  to  comprehend  how  the  'dyna- 
mic effect'  was  prolonged  through  the  period  of  four  hours 
occupied  in  moving  an  average  distance  of  about  12  ft." 
alongside  of  the  one  to  be  found  further  on  in  the  paper,  as  follows : 
"The  value  of  the  coefficient  of  internal  friction,  as  has 
been  shown,  is  the  predominating  argument  in  all  methods  of 
computation  and  should  be  determined  with  care  and  for  the 
most  unfavorable  variations  of  saturation,  sliock,  and  vibration 
that  may  be  anticipated   in   any  case." 

Now,  I  submit  that  if  the  author  of  the  paper  will  start  again 
with  his  computations,  and  with  his  mathematics,  and  take  the  ex- 
tremely unfavorable  conditions  of  saturation,  shock,  and  vibration 
in  the  case  of  that  Barge  Canal,  he  will  succeed  in  proving  that 
the  wall  was  mathematically  wise  when  it  fell  over. 

1  suppose  because  1  happen  to  be  a  professor  I  ought  to  put 
up  a  defense,  or  some  kind  of  a  remark,  when  a  "mathematically 
inclined  professor"  is  referred  to.  Now,  it  seems  to  me  that  we 
would  come  down  to  a  bearing  on  our  matter  if  we  looked  for  a 
moment  at  what  mathematics  can  do  in  connection  with  a 
l)r<)l)lem  like  this, — what  mathematics  can  do  in  any  case.  Mathe- 
matics simply  furnishes  one  a  means  for  getting  at  the  correct  logi- 
cal conclusion  from  a  given  set  of  facts  or  a  given  set  of  assumi>- 
tions.  1  submit  that  is  all  that  mathematics  does  for  you.  It  gets 
from  certain  facts  or  certain  assumptions  the  proper  logical  con- 
clusions, provided  your  facts  or  assumptions  are  quantitative.  Now. 
if  your  assumed  facts  are  not  facts  or  if  your  assumptions  are  not 
valid,  then,  regardless  of  whether  your  mathematics  is  refined  or 
rough,  the  errors  due  tt)  the  errors  in  your  assumed  facts  or  in 
\our  assumptions  will  be  in  your  final  result  in  any  case.  That  is. 
it  make  no  difference  how  good  or  how  poor  is  your  mathematics, 
the  errors  in  the  result  due  to  the  errors  in  your  assum])tions  or 
assumed  facts  are  going  to  be  there  in  any  case. 

I  submit  that  this  case  of  retaining  walls  is  pre-eminently  one 
in  which  the  final  errors  are  due  largely,  in  the  average  case,  to 
the  errors  in  the  assumptions  or  in  the  assumed  facts. 

Take  this  case  of  the  material  under  Chicago.  It  is  not  only 
true  it  is  ditTu-ult  to  determine  the  angle  of  internal  friction,  but  I 
submit  it  is  pretty  certainly  true  that  the  angle  of  internal  friction 
in  the  material  under  Chicago  is  not  the  same  in  ditTerent  parts  of 
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the  material,  nor  anywhere  near  the  same.  Moreover,  it  is  not  the 
same  in  any  one  spot  at  different  times.  According  to  the  sur- 
rounding conditions  for  the  spot,  it  changes  from  time  to  time  ac- 
cording to  what  you  have  done  in  the  loading  up  or  unloading 
of  the  surface  near  there,  and  in  drawing  the  level  of  the  ground 
water  down  at  dift'erent  times.  There  are  probably  other  influenc- 
ing factors. 

It  seems  to  me  that  in  connection  with  retaining  walls  one  may 
say,  as  a  geTneral  rule,  that  rough  mathematical  methods  are  the 
ones  to  use;  because  if  you  use  quick  methods  in  your  mathemati- 
cal processes,  in  your  computations,  you  will  have  more  energy  left 
to  study  your  assumed  facts  and  your  assumptions.  That  is  where 
study  is  needed  in  this  matter  of  retaining  walls ;  not  in  the  mathe- 
matics primarily  bufin  the  assumptions  back  of  the  mathematics. 

E.  E.  R.  Tratman,  m.  v^.  s.  e.  :  With  regard  to  the  failure  of  a 
wall  on  the  Barge  Canal,  a  published  account  of  this  (in  Engineer- 
ing News,  February  20,  1912),  shows  that  when  the  back  filling 
was  commenced  there  was  about  5  ft.  of  water  in  the  space  be- 
tween the  heel  of  the  wall  and  the  slope  of  the  excavation.  The 
result  was  that  the  bottom  10  ft.  of  the  fill  was  a  quaking  mass 
which  would  not  support  a  man.  Above  that  the  fill  was  moist 
but  a  man  could  walk  upon  it. 

The  fill  was  being  made  with  a  3)^-yd.  scraper  bucket,  which 
dropped  its  load  from  heights  of  10  to  40  ft.,  so  that  there  was  a 
continuous  succession  of  impact  loads  coming  upon  this  quaking 
mass  and  against  the  wall.  Such  a  process  would  cause  very 
severe  shocks  and  vibration,  which  the  wall  was  never  intended  to 
sustain,  and  would  not  have  sustained  under  proper  methods  of 
construction.  In  addition,  it  appears  that  the  filling  was  not  level, 
but  the  scraper  was  kept  in  one  place  until  it  had  done  all  the 
filling  within  its  reach,  so  that  in  some  places  the  fill  was  12  ft. 
higher  than  at  others.  Furthermore,  it  is  stated  that  the  pressure 
and  vibration  tended  to  force  the  water  out  under  the  base  of  the 
wall,  thus  lubricating  its  foundation. 

The  combination  of  impact  pressure,  irregular  load,  shock, 
vibration  and  lubricated  base  would  materially  affect  the  stability 
of  a  wall  of  ample  strength  for  normal  conditions.  It  would  be 
most  uneconomical,  and  in  fact  impracticable,  to  design  a  wall  or 
other  structure  to  meet  all  possible  conditions  of  stress  due  to 
improper  methods  of  construction. 

In  the  published  description  of  the  accident  it  is  stated  that 
the  wall  was  rebuilt  on  practically  the  original  section,  the  engin- 
eers deciding  that  the  design  provided  a  wall  that  was  perfectly 
safe  as  a  static  structure.  It  is  fair  to  assume  that  after  the  fail- 
ure the  design  was  carefully  studied  and  was  found  to  be  of  ample 
strength  for  any  conditions  that  could  properly  be  considered  as 
factors  in  the  design.     But  no  doubt  care  was  taken  to  see  that 
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this  time  the  construction,  and  especially  the  back  filling,  was  done 
in  proper  manner. 

As  to  giving  the  names  of  persons  responsible  in  the  case  of 
failures  and  accidents,  an  examination  of  reports  of  such  acci- 
dents will  show  that  this  is  done  in  a  great  majority  of  cases. 

It  seems  to  me  that  Dr.  Hayford's  caution  as  to  the  limita- 
tions of  the  value  of  mathematics  states  a  case  of  fundamental  im- 
portance. There  may  be  too  great  reliance  on  mathematics  as 
well  as  on  rule-of-thumb  for  purposes  of  design.  If  the  assump- 
tions which  form  the  basis  of  a  mathematical  calculation  are  in- 
correct, the  mathematical  structure  will  fail  on  account  of  poor 
foundation,  no  matter  to  what  degree  of  higher  mathematics  it 
is  carried.  Mathematics  simply  constitutes  a  tool  for  the  engin- 
eer's use,  and  it  must  be  used  properly  and  intelligently,  the  same 
as  any  other  tool. 

S.  T.  Corey,  m.  w.  s.  e.  :  Would  it  be  allowable  to  figure  on 
the  abutting  power  of  a  bridge  to  hold  up  an  abutment? 

The  Author:  Certainly  it  would  be  allowable.  One  of  the 
noted  bridges  in  the  world  is  built  across  the  Tiber,  at  Rome.  It 
is  a  reinforced  concrete  arch  bridge  of  328  ft.  clear  span  with  a  rise 
of  one-tenth  the  span,  and  is  founded  on  a  silty  bottom. 

JV.  S.  Lacher,  assoc.  w.  s.  e.  :  I  have  seen  a  number  of  high- 
way bridges  in  which  the  condition  of  the  bottom  chords  made  it 
very  plain  that  they  were  serving,  to  a  considerable  extent,  to  hold 
up  the  abutments.  In  that  same  connection,  a  member  of  the  en- 
gineering staflF  of  a  certain  State  Highway  Commission  once  put 
to  me  this  proposition :  How  much  should  an  engineer  make  his 
client  pay  for  insurance  on  his  own  reputation? — that  is,  on  the 
engineer's  reputation?  The  subject  came  up  in  connection  with  a 
discussion  of  retaining  walls.  In  the  introduction  of  structures 
designed  and  built  under  the  supervision  of  a  State  Highway  Com- 
mission there  is  some  competition  with  a  very  inferior  class  of 
engineering.  In  connection  with  retaining  walls,  engineers  of  this 
type  in  an  effort  to  build  bridges  without  state  supervision  used 
to  ridicule  the  use  of  retaining  walls  with  a  base  of  even  one- 
third  the  height.  They  had  been  in  the  habit  of  using  about  one- 
sixth,  and  that  is  what  brought  up  this  proposition.  If  a  great 
many  walls  built  of  that  section,  or  with  an  equivalent  factor  of 
safety,  stand  up,  whv  should  not  all  of  them  be  built  that  way? 
If  a  few  of  them  fall  down,  well  and  good.  The  total  number  of 
walls  have  been  built  with  a  very  .small  percentage  of  failures. 
Therefore,  how  much  can  a  man  afford  to  charge  his  client  in  the 
way  of  extra  expense  for  a  wall  that  he  is  sure  will  not  fall  down? 
Whereas,  if  the  walls  were  not  so  strong  perhaps  a  few  would  fall 
down,  but  the  total  expense  distributed  over  all  of  his  clients  would 
be  very  small.  This  is  submitted  as  an  abstract  proposition,  not 
as  a  recommendation. 
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F.  G.  Vent,  m.  w.  s.  e.  :  Mr.  Armstrong  brought  up  the  ques- 
tion of  whether  the  resultant  fell  outside  of  the  middle  third.  If 
the  resultant  was  outside  of  the  middle  third,  we  would  have  theo- 
retically an  uplift  in  the  back  of  the  wall.  As  a  matter  of  fact, 
we  know  many  walls  designed  according  to  the  best  formulae  will 
stand  if  the  resultant  passes  outside  of  the  middle  third.  It  goes 
to  show  that  our  formulae  are  on  the  safe  side,  and  if  we  want 
to  skin  them  down,  why  not  make  a  new  formula?  If  we  know  a 
wall  is  going  to  stand  with  a  certain  base,  why  not  reduce  the 
whole  thing  to  an  equivalent  hydrostatic  formula  of  our  own,  and 
use  it  in  our  designing?  If  we  know  what  kind  of  soil  we  are 
putting  our  wall  on,  and  whether  or  not  it  is  going  to  stand  up, 
and  we  feel  safe  in  saying  it  is  going  to  stand  up  with  a  certain 
base,  we  can  make  our  own  formula,  a  formula  much  less  than 
the  one  we  would  use  if  we  had  to  let  our  resultant  go  outside  of 
the  middle  third. 

Mr.  Stern:  Mr.  Armstrong  is  not  here  and  as  I  have  done  a 
good  deal  of  work  with  him,  I  will  endeavor  to  clear  up  what  he 
said,  if  I  may. 

Mr.  Armstrong  said  he  generally  disregarded  the  question  of 
whether  the  resultant  fell  within  the  middle  third.  He  said :  "We 
figure  the  pressure  on  the  front  and  pressure  on  the  back."  My 
understanding  from  that  remark  was  that  one  could  then,  of  course, 
immediately  see  that  if  he  had  any  pressure  on  the  back  and  pres- 
sure on  the  front  the  resultant  had  to  go  inside  of  the  middle 
third,  because  otherwise  he  would  get  a  negative  force  at  one  end. 

Mr.  McCullough:  As  to  the  middle  third  proposition:  This 
is  merely  a  way  of  stating  that  if  the  pressure  on  the  front  edge 
is  not  to  exceed  twice  the  average,  with  no  tension  on  the  back 
edge,  the  resultant  of  the  pressure  must  be  kept  within  the  middle 
third. 

I  do  not  think  Mr.  Armstrong  said  he  would  willingly  let  the 
pressure  get  outside  of  the  middle  third,  because  he  qualified  his 
remarks  by  saying,  as  Mr.  Stern  said,  that  he  figured  the  pressure 
on  the  front  and  back,  but  sometimes  a  little  justified  risk  could 
be  assumed  on  the  insurance  proposition.  There  had  to  be  so  many 
miles  of  wall  built  and  it  cost  so  many  dollars  per  mile,  and  they 
had  just  so  many  dollars  to  do  it  with.  The  thing  was  to  get  the 
greatest  amount  of  wall  with  the  dollars  they  had,  if  the  soil  seemed 

I  to  be  right  to  permit  it.     But  he  said  expressly  that  he  used  the 
formula  P  =  lAh-,  which  meant  that  he  assumed  a  fluid  having  a 
weight  of  about  30  lb.  per  cu.  ft.,  thus  reducing  the  actual  earth 
pressure  to  that  of  an  equivalent  fluid.     Therefore,  if  the  pressure 
was  computed,  the  m.iddle  third  rule  could  be  ignored. 
Mr.  Vent:     I  think  that  the  risk  has  been  taken  by  engineers 
of  passing  the  resultant  somewhat  outside  of  the  middle  third  be- 
cause they  knew  that  the  wall  was  going  to  stand  up. 
February,  1914 
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The  Author:  In  regard  to  the  abutting  power  of  earth  and  the 
safety  of  using  it,  mentioned  by  Mr.  Corey,  many  suspension  bridges 
in  this  and  other  countries  have  been  built  where  they  have  rehed 
on  the  abutting  power  of  earth  for  their  anchorage.  In  fact,  I 
had  occasion  some  years  ago  to  take  down  a  suspension  bridge 
built  by  Alfred  P.  Boiler  that  required  the  abutting  power  of  earth 
for  its  stability.  Arches  have  also  been  built  upon  earth  founda- 
tions and  in  such  manner  that  the  abutting  resistance  of  the  mate- 
rial was  necessary  to  stability ;  in  fact  I  consider  it  quite  as  safe 
practice  as  the  construction  of  retaining  walls  on  earth  foundations. 

In  regard  to  the  \Sh-  rule.  All  earth  does  not  look  alike  to 
me,  neither  the  material  itself  nor  the  contours  of  its  surface.  It 
does  not  look  the  same  to  me  when  it  is  inclined  either  upward 
or  downward  away  from  a  wall.  The  conclusion  that  some  con- 
sider it  practically  alike  when  the  surface  is  level  must  follow  from 
the  use  of  formula  I5h^. 

In  regard  to  the  factor  of  safety,  I  advocate  the  determina- 
tion of  the  safe  pressure  at  the  toe  of  the  wall  from  the  depths 
of  the  toe  and  the  character  of  the  material  in  the  manner  indicated 
by  equations  and  given  in  tables  for  depths  up  to  8  ft.  in  my  paper. 

The  manner  of  treating  the  pressure  from  earth  as  an  equiva- 
lent of  fluid  of  less  weight  will  lead  to  difficulty  when  an  attempt 
is  made  to  provide  for  a  surcharged  wall  or  a  superimposed  load. 
It  will  also  lead  to  trouble  when  figuring  foundations.  The  method 
proposed  is  believed  to  be  general,  and  I  request  some  of  the  gen- 
tlemen present  to  show  in  what  respect  it  is  not  general.  The 
sole  assumption  is  that  there  is  a  surface  somewhere  in  the  body, 
whether  it  is  a  plane  or  an  irregular  surface,  and  there  is  friction 
on  the  surface  proportional  to  the  weight  of  material  above  it. 
That  is  all  the  assumption  that  enters  into  the  problem,  and  the 
method  may  be  applied  to  a  wall  holding  a  fill  of  any  shape  or 
surcharge  whatever. 

Mr.  Vent:  May  we  hear  from  the  author  as  to  the  resultant 
falling  outside  of  the  middle  third? 

The  .'luthor:  The  resultant  does  not  fall  outside  of  the  middle 
third  until  negative  pressure  appears  to  be  necessary  at  the  heel 
of  the  wall  to  insure  stability. 

Mr.  Vent:     Is  it  allowable? 

The  .Author:  It  is  allowable  in  some  cases,  as  on  a  rock  foun- 
dation. 

In  regard  to  Sir  Benjamin  Baker'.s  experience,  experiments 
and  empirical  formulae  for  walls;  if  Mr.  McCuUough  will  look 
the  matter  up  I  believe  he  will  find  that  at  the  time  the  rules  were 
preparer]  they  were  building  walls  with  buttresses,  with  counter- 
forts, with  horizontal  arches  and  various  other  designs  for  reliev- 
ing or  counterbalancing  lateral  pressures. 

I  recall  some  experiments  in  which  the  friction  upon  the  sides 
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of  counterforts  was  considered  in  determining  the  stability.  In 
a  recent  English  publication  I  found  instructions  in  designing  walls 
with  counterforts  in  which  directions  were  given  to  figure  the  wall' 
as  having  a  base  equal  to  the  average  thickness.  The  absurdity 
of  such  a  proposition,  to  anyone  who  has  occasion  to  use  the  mo- 
ment of  inertia  in  computing  stresses,  will  be  apparent. 

Mr.  McCullough:    O,  yes,  that  was  mentioned  in  the  paper. 

The  Author:  I  was  under  the  impression  that  they  had  other 
than  plain  walls  in  those  days. 

Mr.  McCullough:  I  think  the  object  of  that  paper  was  to 
bring  out  the  question  as  to  whether,  with  the  classes  of  walls  they 
had  at  the  time,  it  was  worth  while  to  bother  with  formulae.  Very 
few  structures  with  relieving  arches,  abutments,  buttresses,  or  any- 
thing of  that  kind,  were  as  satisfactory  as  the  designers  hoped 
they  would  be. 

The  Author:  The  wall  that  stands  up  for  a  time  is  not  always 
a  safe  guide.  Many  of  them  have  stood  up  for  ten  years  and  then 
gone  wrong.  This  is  true  of  bridges,  too, — bridges  that  appar- 
ently had  a  safety  factor  of  five.  Some  of  them,  like  Quebec,  did 
not  stand  up  until  completed.  I  call  attention  to  this  simply  to 
illustrate  that  perhaps  it  was  thought  the  earth  at  the  bottom  of 
the  river  was  just  the  same  as  at  any  other  place. 

Mr.  Corey:  I  would  ask  the  author  about  how  he  treats  live 
loads  behind.  The  paper  does  not  say  anything  about  that.  Sup- 
pose you  had  a  track  8  ft.  from  the  wall  and  Cooper's  E-55  load- 
ing; how  would  you  treat  that  condition? 

The  Author:  I  would  place  the  superimposed  load  in  its  true 
position  on  the  diagram,  locate  imaginary  planes  cutting  through 
the  load  and  earth,  and  proceed  with  the  combined  weights  in  the 
same  manner  as  for  the  earth  alone. 

Mr.  Corey:  Take  Cooper's  specifications  E-55,  for  instance: 
that  would  be  55,000  lb.  driver  load. 

The  Author:  I  would  reduce  the  driver  load  to  equivalent 
uniform  load  over  the  area  determined  by  the  wheel  base  and 
length  of  ties. 

Mr.  Corey:  Some  engineers  assume  the  driver  loads  and  some 
only  use  the  box-car  loads. 

The  Author:  I  believe  that  if  a  designer  figures  his  wall  as 
has  been  the  custom  for  the  past  50  or  60  years,  he  would  be  liable 
to  get  into  trouble,  but  if  he  uses  a  safety  factor  of  two  or  three 
in  the  design  he  would  be  safe  in  taking  a  uniform  load. 

Mr.  Reichmann:  There  would  be  a  lateral  distribution  any- 
way, wouldn't  there,  Mr.  Pearl? 

The  Author:  Yes,  but  I  do  not  think  it  safe  to  depend  on 
that.  I  believe  the  most  reliable  proposition  is  to  take  a  plane 
through  the  superimposed  load,  figure  the  weight  above  the  plane, 
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and  allow  for  liie  friction.  Take  other  planes  at  intervals  of  five 
or  ten  degrees.  Treat  the  resultant  weight  as  shown  in  Fig.  2, 
determine  the  resultant  pressures,  and  select  the  maximum. 

Mr.  Corey:  The  object  I  had  in  asking  that  question  is  that 
apparently  /r  would  only  take  care  of  that  friction. 

The  Author:  The  surcharge  could  be  treated  just  as  though 
there  was  no  other  weight  on  the  plane,  if  desired.  You  can  treat 
the  two  weights  separately  or  combine  them  in  an  equation  and 
differentiate  to  determine   the  maximum. 

Mr.  Vent:  What  I  desired  to  bring  out  in  my  previous  re- 
marks was  that  the  engineer  must  combine  his  professional  experi- 
ence and  common-sense  judgment  in  the  interpretation  of  the  re- 
taining' wall  literature  at  his  disposal  in  order  to  obtain  the  best 
and  most  economical  wall  for  his  particular  place.  With  all  the 
formulae  at  his  disposal,  he  may  find  it  to  his  advantage  to  let  the 
resultant  pass  slightly  beyond  the  middle  third  of  the  base,  even 
though  the  wall  is  not  on  a  rock  foundation.  And  if  he  skins  the 
wall  down  from  what  would  be  required  by  these  formulae,  he  must 
do  so  only  on  the  absolute  knowledge  corroborated  by  his  extended 
experience,  that  the  soil  conditions  will  warrant  it.  This  does  not 
mean  that  the  real  resultant  is  going  to  pass  beyond  the  middle 
third  of  the  base,  but  it  shows  that  the  engineer  is  warranted  in 
making  a  new  formula  for  his  personal  notebook,  which  will  give 
a  smaller  back  thrust  upon  his  wall,  and  which  will  keep  the  re- 
sultant in  the  middle  third  of  the  base.  Pie  can  make  his  own 
formula,  giving  an  equivalent  hydrostatic  back  pressure  P,  which 
will  take  care  of  a  back  fill  with  no  surcharge,  and  in  case  of  a 
surcharged  back  fill,  the  surcharge  can  be  equated  to  a  floating 
load,  which  would  simply  mean  that  the  equivalent  hydrostatic 
level  would  be  raised  by  a  proper  displacement  due  to  the  floating 
load,  as  though  it  were  confined  in  a  proper  sized  tank,  and  a 
table  made  to  give  the  equivalent  increase  in  hydrostatic  head,  due 
to  surcharge,  would  take  care  of  surcharges  in  a  simple  manner. 

As  the  ratio  of  thrust  to  vertical  loads  changes  somewhat 
in  the  diflferent  heights  of  abutments  for  the  same  soil,  it  will 
readily  be  seen  that  the  angle  of  inclination  of  the  resultant  through 
the  base  will  change  correspondingly.  This  angle  must,  of  course, 
be  kept  light  enough  to  avoid  any  forward  sliding  of  the  abutment 
upon  the  base  due  (o  too  great  a  proportion  of  back  horizontal 
thrust  to  vertical  weight.  To  the  overlooking  of  this  point  in  the 
design  of  abutments,  we  may  attribute  the  cause  of  so  many  old 
abutments  sliding  forward,  and  possibly  leaning,  due  to  sliding 
over  grillage  on  piles,  and  changing  the  position  of  the  center  of 
gravity  of  the  abutment  in  relation  to  the  center  of  gravity  of  the 
piles. 

I  do  not  wish  to  convey  the  impression  that  a  retaining  wall 
would  necessarily  be  skinned  down.     It  will,  of  course,  be  appre- 
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dated  that  we  must  consider  the  word  "skin"  in  an  algebraic 
sense,  and  that  the  engineer  may  desire  to  skin  the  wall  in  a  nega- 
tive fashion  in  certain  locations,  which  would  mean  an  increase 
rather  than  a  decrease  in  the  base. 

Of  course,  we  have  assumed  that  we  have  designed  a  wall 
by  one  of  the  "good"  formulae  found  in  the  retaining  wall  litera- 
ture, and  due  to  our  soil  conditions  we  desire  to  let  the  resultant 
pass  beyond  the  middle  third  (according  to  said  "good"  formulae), 
which  amounts  to  "skinning"  said  wall  according  to  said  good 
formula.  As  I  said  before,  we  know  that  said  "skinned"  wall  will 
have  a  resultant  which  will  lie  within  the  middle  third  of  the  base. 
We  most  certainly  will  not  need  a  formula  for  said  skinned  wall, 
because  we  happen  to  know  what  we  want  without  the  good  old 
formula.  Why  not,  then,  "make  a  new  formula"  which  will  show 
the  resultant  passing  at  the  middle  third  of  said  skinned  wall  and 
put  it  away  in  our  notebook  for  future  use  in  a  possible  future 
case  of  the  same  soil  conditions? 

The  writer  has  in  mind  certain  soil  conditions  which  he  ob- 
served in  Seattle,  Washington,  and  other  conditions  in  territory 
adjacent  to  rivers  with  quicksand  bottoms,  which  he  believes  will 
defy  the  analysis  of  any  of  our  "good"  old  formulae.  I  say  this 
with  all  due  respect  to  all  the  honest  and  valuable  effort  which  has 
been  put  forth  upon  the  subject  of  retaining  walls  by  so  many  of 
our  able  engineers.  Their  works  are  very  valuable  and  we  thank 
them  all,  but  at  the  same  time  T  believe  the  engineer's  personal  note- 
book will  in  time  prove  to  be  one  of  his  best  assets. 

F.  W.  Green,  m.  w.  s.  e.  (by  letter)  :  This  paper  is  a  valuable 
addition  to  the  literature  on  the  subject  of  retaining  walls,  and  the 
author  is  to  be  congratulated  upon  its  originality  and  thoroughness. 
It  is  a  subject  which  has  often  stimulated  enthusiasm  for  mathe- 
matical investigation,  and  which  has  been  quite  thoroughly  ex- 
ploited. As  in  many  other  engineering  works,  the  difficulty  lies 
in  the  endeavor  to  adapt  the  theoretical  assumptions  to  the  con- 
crete example.  The  element  of  judgment  is,  perhaps,  the  ruling 
factor,  and  a  cautious  discrimination  is  essential  as  to  the  relative 
requirements  of  safety  from  failure  on  the  one  hand  and  economy 
on  the  other.  In  any  doubtful  case,  or  work  of  magnitude,  the 
writer  would  advocate  consultation  with  experienced  and  compe- 
tent authority. 

As  pointed  out  by  the  author,  the  angle  of  repose  and  the 
angle  of  internal  friction  are  not  always  identical.  The  writer 
would  add  that  the  angle  of  internal  friction  cannot  safely  be 
assumed  to  be  a  constant  quantity  at  all  times,  especially  in  the 
case  of  plastic  materials.  In  one  instance,  an  alluvial  silt  stood  at 
a  slope  of  1.5  to  1  for  several  months,  and  then  went  out  to  a 
slope  of  about  5  to  1,  due  to  the  absorption  of  water.  Some  ma- 
terials have  a  great  affinity  for  water.  In  one  case  it  is  said  that 
a  certain  clay  absorbed  70%  of  its  weight  in  water,  and  that  while 
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it  sustained  a  live  load  of  over  1,000  lb.  per  sq.  ft.  when  relatively 
dry,  after  absorbing-  70^fi  of  water  it  sustained  only  46  lb.  per 
sq'  ft.  In  another  case  a  retaining  wall  for  a  wharf  was  designed 
according  to  the  conventional  custom,  and  backfilling  with  material 
excavated  from  a  slip  was  started,  but  before  it  was  completed 
failure  by  overturning  occurred.  In  such  a  case,  it  seems  that 
the  only  safe  course  would  have  been  to  have  designed  the  wall 
as  a  dam  with  zero  for  the  value  of  *. 

The  literature  on  this  subject  frequently  contains  references' 
to  the  peculiar  shape  of  the  curve  of  cleavage  when  slips  occur, 
as  in  the  case  of  trenches,  and  also  in  embankments.  In  the  writer's 
opinion  this  curve  is  approximately  an  equilateral  hyperbola.     The 
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tangent  of  the  angle  of  friction  varies  from  zero  in  the  case  of 
water  to  infinity  in  the  case  of  cubes  piled  vertically.  By  plotting 
the  values  of  tangent  '^  against  the  values  of  co-tangent  <I>,  as  in 
the  accompanying  sketch,  this  relation  is  graphically  shown.  The 
value  of  co-tangent  'I>.  of  course,  is  the  slope  ratio,  horizontal  to 
vertical. 

A  material  which  absorbs  and  retains  moisture  should  be 
avo'.ded  whenever  possible  as  backfilling  for  retaining  walls.  When 
impracticable  to  avoid  its  use,  too  much  attention  cannot  be  paid 
to  details  essential  to  drainage ;  especially  is  this  the  case  where 
freezing  is  liable  to  occur. 
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Ira  0.  Baker,  m.  w.  s.  e.  (by  letter)  :  The  following  para- 
graph appears  in  the  paper: 

"A  writer  on  masonry  construction  in  this  country  attacks 
Rankine's  theories  and  quotes  as  follows, — 'but  for  want  of  precise 
experimental  data  its  practical  utility  is  doubtful,'  to  indicate  that 
the  renowned  professor  had  but  little  confidence  in  his  own  equa- 
tions. This  mutilation  of  a  paragraph  covering  an  entirely  sep- 
arate subject,  and  using  but  half  of  it  to  discredit  the  theories 
applied  to  a  condition  devoid  of  adhesion,  was  an  unfortunate  mis- 
step that  was  retracted  by  the  omission  of  it  in  later  editions,  but 
without  apology." 

Doubtless  the  author  refers  to  Baker's  Masonry  Construction. 
The  author  is  a,  little  mistaken  when  he  implies  that  the  quoted 
clause  was  in  a  former  edition,  for  the  clause  referred  to  is  in 
only  the  latest  edition.  The  author  is  also  slightly  mistaken  when 
he  says  the  writer  retracted.  In  former  editions  of  his  book  the 
writer  presented  an  extended  statement  of  the  objections  to  Ran- 
kine's theory ;  but  the  last  edition  contains  a  brief  but  general  criti- 
cism of  all  retaining  wall  theories  which  is  more  severe  against 
Rankine's  and  other  theories  than  the  former  editions. 

The  writer  remembers  that  in  preparing  his  manuscript  for 
the  last  edition  of  his  book  on  Masonry  Construction,  he  found  a 
memorandum,  made  some  time  before,  which  was  substantially 
like  the  quotation  above;  and  also  remembers  that  he  spent  con- 
siderable time  looking  through  Professor  Rankine's  books  to  locate 
the  quotation ;  but  he  was  unable  to  find  it  until  its  location  was 
pointed  out  in  the  author's  paper.  It  is  true  that  the  aJwve  quota- 
tion is  only  part  of  a  sentence;  and  it  is  also  true  that  the  writer 
applied  the  quotation  in  a  different  way  than  it  was  originally  used 
by  Professor  Rankine.  The  writer  is  exceedingly  sorry  that  he 
made  a  mistake  in  using  this  quotation  and  will  attempt  to  correct 
his  book  at  the  first  opportunity. 

The  quotation  above  is  half  of  a  paragraph  following  Pro- 
fessor Rankine's  discussion  of  "Pressure  of  Earth  Against  a  Ver- 
tical Plane,"  and  closes  a  section  entitled  "Strength  and  Stability 
of  Earth  Work  in  General,"  in  Rankine's  Manual  of  Ciznl  En- 
gineering.   The  entire  quotation  is  as  follows : 

"There  is  a  mathematical  theory  of  the  combined  action  of 
friction  and  adhesion  in  earth ;  but  for  want  of  precise  experi- 
mental data,  its  practical  utility  is  doubtful." 

Professor  Rankine  had  just  completed  a  discussion  of  the  pres- 
sure of  earth  work  in  which  he  had  neglected  "adhesion."  The 
writer  is  of  the  opinion  that  in  his  use  of  the  latter  half  of  the 
above  quotation  he  did  no  great  violence  to  Rankine's  conclusion. 
For  if  the  practical  utility  of  the  theory  of  earth  pressure  which 
takes  account  of  the  combined  action  of  friction  and  cohesion  is 
doubtful  because  of  the  lack  of  precise  experimental  data,  a  theory 
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that  takes  account  of  only  friction  and  which  is  not  supported  by 
any  experimental  data  is  still  more  doubtful. 

Do  not  let  anyone  think  I  am  lacking  in  re;;pect  for  Professor 
Rankine.  He  was  a  very  able  and  surprisingly  versatile  man.  It 
is  marvelous  that  one  writing  at  the  time  he  did  should  have  done 
so  well  in  so  many  lines.  He  was  truly  a  pioneer,  and  deserves 
the  admiration  of  all  modern  English-speaking  engineers,  for  they 
have  all  greatly  profited,  either  directly  or  indirectly,  by  his  labors, 
whether  or  not  they  are  conscious  of  it.  It  is  not  surprising  that 
there  has  been  great  advancement  in  the  art  and  the  science  of 
engineering  in  the  half  century  since  Rankine  was  attempting  to 
formulate  the  fundamental  principles  of  engineering  practice.  Ran- 
kine was  a  thorough-going  progressive.  It  is  very  interesting  to 
notice  how  many  subjects  unfolded  and  developed  in  his  mind  as 
he  wrote.  In  a  later  volume  upon  a  related  subject  he  often  ex- 
pands or  elaborates  a  subject  already  treated  in  a  previous  volume ; 
and  not  infrequently  there  is  evidence  of  a  distinct  progression  from 
the  earlier  to  the  later  parts  of  the  same  volume.  It  was  not  his 
custom  to  restate  a  matter  in  its  entirety,  but  only  to  refer  to  the 
former  discussion  and  then  give  the  new  idea.  Because  of  this 
method,  some  of  his  presentations  are  difficult  to  comprehend ;  but 
this  method  is  probably  evidence  of  the  limitations  under  which 
he  worked.  If  current  rumor  can  be  believed,  a  knowledge  of 
the  conditions  under  which  he  did  his  work  would  greatly  enhance 
the  admiration  of  his  ability  and  persistency. 

Let  us  now  consider  somewhat  briefly  the  theory  of  the  lateral 
pressure  of  earthwork.  Of  course,  to  determine  the  eflfect  of  lat- 
eral pressure  of  a  mass  of  earth  we  must  know : 

( 1 )  The  amount  of  the  pressure ; 

(2)  The  point  of  application  of  the  resultant  pressure;  and 

(3)  The  direction  of  this  resultant. 

( 1 )  There  are  various  formulae  that  purport  to  give  the 
maximum  thrust  of  a  mass  of  earth  against  a  retaining  wall,  all 
of  which  are  only  special  cases  of  a  general  formula.*  Not  infre- 
quently the  advocates  of  one  formula  claim  that  all  others  are  erro- 
neous. This  line  of  argument  has  been  used  in  favor  of  each 
formula  and  against  all  other  formulae.  Admittedly,  all  formulae 
for  the  amount  of  the  lateral  pressure  are  based  upon  the  following 
assumptions: 

(a)  There  is  no  cohesion. 

(b)  The  surface  of  rupture  is  a  plane. 

(c)  The  internal  angle  of  friction  is  the  same  as  the  ex- 
ternal angle  of  repose.  I-'urther,  all  of  the  formulae  involve 
mathematical  steps  of  doubtful  validity.  l^iiversal  experience 
teaches  that  in  all  natural  soils  there  is  an  appreciable  cohesion, 
while  in  many  the  cohesion  is  very  considerable.     The  most  super- 

*Baker's  Masonry  Construction,  10th  edition,  page  492.  eq.  3. 
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ficial  observation  will  show  that  when  a  mass  of  earth  breaks  away 
and  slides  down,  the  surface  of  rupture  is  not  even  approximately  a 
plane,  as  for  example,  witness  the  curvature  of  a  caving  bank  of 
a  river  or  of  a  sewer  trench.  The  coefficient  of  friction  in  the 
interior  of  the  mass  of  earth  has  no  relation  to  the  angle  of  repose 
of  an  exposed  surface  since  the  latter  is  due  to  the  particles  of 
earth  rolling  down  the  exposed  surface,  i.  e.,  to  rolling  friction, 
while  the  coefficient  of  friction  that  should  be  used  is  that  of  slid- 
ing friction  in  the  interior  of  the  mass.  Nobody  has  ever  offered 
any  experimental  evidence,  or  has  cited  any  practical  experience, 
showing  the  reliability  of  the  formula  for  the  value  of  the  lateral 
thrust  of  earth. 

(2)  All  formulae  for  the  pressure  of  earth  assume  that  the 
point  of  application  is  Y^h  irom  the  bottom,  h  being  the  height  of 
the  bank.  The  only  evidence  offered  to  justify  this  assumption  is 
that  the  formula  for  the  amount  of  pressure  contains  h^,  and  con- 
sequently it  is  assumed  that  the  pressure  of  earth  follows  the  law 
of  pressure  of  liquid.  However,  while  one  condition  of  the  solu- 
tion gives  the  point  of  application  on  the  back  of  the  wall  at  %/z 
from  the  bottom,  the  other  conditions  of  the  problem  give  the 
point  of  application  on  the  plane  of  the  rupture  at  a  different  point, 
except  for  the  special  case  of  a  vertical  wall.  Numerous  experi- 
ments have  been  made  on  the  lateral  pressure  of  grains  and  va- 
rious kinds  of  seeds  in  bins,  and  in  no  single  case  does  the  pressure 
approximately  follow  the  law  of  liquid  pressure,  even  though  these 
materials  have  no  cohesion.*  For  example,  according  to  the  ordi- 
nary theory  for  earth  pressure,  the  pressure  of  clean  wheat  should 
be  21/^  lb.  per  sq.  in.  for  a  head  of  8  ft. ;  while  as  a  matter  of  fact 
the  actual  pressure  did  not  reach  2y^  lb.  per  sq.  in.  until  the  head 
was  30  ft.,  and  what  is  more  the  pressure  did  not  increase  with  a 
further  increase  of  the  head.  Experiments  with  sand  give  sub- 
stantially the  same  results.  Several  series  of  experiments  have 
been  made  upon  earth  and  sand  to  determine  the  point  of  applica- 
tion of  the  resultant,  and  in  no  case  was  the  observed  center  of 
pressure  of  a  level  bank  less  than  0.35/z  from  the  bottom,  and  in 
some  cases  it  was  as  much  as  0.50/r  Of  course,  the  ordinary 
theory  of  earth  pressure  requires  the  point  of  application  to  be 
0.33A  from  the  bottom. 

(3)  The  various  formulae  for  earth  pressure  differ  as  to 
the  assumption  made  concerning  the  direction  of  the  resultant 
pressure.  Several  of  the  theories  make  the  direction  of  the  re- 
sultant pressure  depend  upon  the  angle  of  friction  between  the 
earth  and  the  back  of  the  wall;  but  differ  materially  as  to  the 
details  of  this  assumption,  and  hence  will  not  be  considered  further 
here.  Rankine's  theory  assumes  that  the  resultant  is  always  parallel 
to  the  upper  surface  of  the  earth;  but  this  does  not  seem   rea- 


H     Fe 


♦Baker's  Masonry  Construction,  10th  edition,  p.  500-02. 
tibid,  p.  500-01. 
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sonable,  since  the  direction  of  tlie  pressure  should  be  the  same  as 
that  of  the  motion,  which  is  parallel  to  the  plane  of  rupture  and 
nearly  independent  of  the  surface  slope.  According  to  this  theory, 
a  wall  may  be  more  stable  with  a  surcharge  than  with  a  level  top 
surface,  because  of  the  difference  in  direction  of  the  thrust.  Dr. 
H.  Miiller-Breslau,  professor  in  the  Technical  High  School,  Ber- 
lin, as  one  of  the  results  of  an  elaborate  series  of  experiments  using 
the  most  scientific  and  most  sensitive  apparatus  yet  devised,  dis- 
tinctly says:  "Jt  is  especially  important  to  notice  that,  contrary 
to  the  Rankine  the<:)ry,  the  slope  of  the  supper  surface  of  the  sand 
has  no  effect  upon  the  direction  of  the  resultant." 

Numerous  experiments  have  been  made  on  the  stability  of  arti- 
ficial retaining  walls,  and  apparently  none  agree  with  the  ordinary 
theory.  For  example.  Sir  Benjamin  Baker  gives*  an  interesting 
and  instructive  account  of  23  direct  or  pre-arranged  experiments 
and  of  32  unintentional  experiments  or  examples  occurring  in  prac- 
tice showing  the  actual  lateral  pressure  of  earth;  and  concludes 
that  "a  wall  which  by  Coulomb's  formula  was  on  the  point  of  over- 
turning has  a  factor  of  safety  of  at  least  two." 

In  view  of  the  numerous  assumptions  involved,  and  in  view 
of  the  lack  of  good  reasons  to  justify  these  assumptions,  and  in 
view  of  the  disagreement  between  theory  on  the  one  hand  and 
experiment  and  experience  on  the  other,  it  is  little  wonder  that 
some  persons  do  not  put  much  dependence  on  the  ordinary  theory 
of  the  lateral  pressure  of  earthwork. 

In  closing,  permit  a  few  words  about  another  phase  of  retain- 
ing walls.  One  of  the  most  common  methods  of  failures  of  retain- 
ing walls,  particularly  upon  compressible  soil,  is  the  tipping  of  the 
top  of  the  wall  forward,  because  of  too  great  pressure  on  the  soil 
under  the  toe  of  the  footing.  Unfortunately,  the  maximum  pressure 
on  the  soil  under  the  footing  cannot  be  determined!  with  any  con- 
siderable degree  of  accuracy,  because  the  amount,  the  point  of 
application,  and  the  direction  of  the  resultant  pressure  of  the  earth 
are  not  known.  However,  it  is  wise  to  give  special  attention  to 
this  phase  of  the  problem,  and  to  err  on  the  safe  side  by  extending 
the  footing  outward  at  the  toe. 

Closure. 
The  .luthor:     The  following  is  a  quotation  from  the  code  of 
Hammuribi,  dated  about  2000  years  !>.  C. : 

"If  a  builder  build  a  house  for  a  man  and  has  not  made 
his  work  strong,  and  the  house  has  fallen  in  and  killed  the 
owner  of  the  house,  then  that  builder  shall  be  put  to  death. 

If  it  kill  the  son  of  the  owner  of  the  house,  the  son  of  that 
builder  shall  they  kill. 

If  it  kill  the  slave.     .     .     etc. 

If  the  property  of  the  owner  it  destroys,     .     .     .     etc. 

♦Proc.  Inst,  of  C.  E ,  Vol.  65,  p.  140-241. 
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If  he  build  a  house  for  a  man  and  did  not  set  his  work 
and  the  walls  topple  over,  that  builder  from  his  own  money 
shall  make  that  wall  strong." 

As  a  result  of  the  advance  publication  of  this  paper.  I  am  ad- 
vised that  on  a  single  system  of  railways  in  this  country  there 
are  about  forty  abutments  that  are  moving  annually ;  periodical 
inspection  and  a  record  of  movements  are  maintained,  and  it  is 
the  aim  of  the  management  to  remove  and  replace  them  about  one 
year  before  they  would  otherwise  fall  over. 

The  walls  were  built  "just  the  same  as  some  other  walls  were 
built,"  probably  by  rule-of-thumb,  ?.nd  are  not  on  one  of  the  largest 
systems  of  railways  in  the  country,  either.  None  of  them  are 
included  in  the  list  of  forty  given  by  Professor  Howe  in  his  work 
on  retaining  walls. 

Some  members,  discussing  this  paper,  intimate  that  the  equa- 
tions and  diagrams  appear  to  be  complicated.  They  are,  because 
of  the  four  cases  of  stress  with  or  without  superimposed  load  over 
heel  or  toe,  the  consideration  of  the  abutting  resistance  in  front 
of  the  toe,  the  provision  for  a  definite  positive  reaction  at  the  heel, 
the  introduction  of  a  definite  factor  of  safety,  and  the  admission 
of  a  function  to  represent  the  varying  physical  characteristics  of 
different  earths.  As  previously  stated,  they  are  not  intended  for 
general  use  or  to  be  used  by  those  who  are  too  indolent  to  famil- 
iarize themselves  with  all  the  premises  and  reasoning  to  results. 

The  person  possessed  of  so  much  internal  confidence  that  he 
can  do  visual  engineering  and  attain  results  superior  to  the  product 
of  tests  and  mathematics  should  by  all  means  cling  to  the  abbre- 
viated formulae,  abbreviated  walls  and  rebuild  them  when  they  tip 
or  slide. 

For  the  simple  case  assumed  by  Mr.  Armstrong,  the  formulae 
given  in  Fig.  4  would  reduce  to  P^  =  0,  R^  =  0,  Re=  0,  pb  min.  = 
0,  pt  min.  =  0,  pt  max.  1=  100  y-^  k-f,  Pe=  50  kh-,  and  the  values 
of  k  and  /  should  be  selected  from  the  factors  in  table  of  Fig.  4  for 
the  various  grades  of  material  which  the  wall  is  to  retain. 
Using  these   values.   Equation    1    becomes : 

h  b 

Minimum  Base.     Limit  /'h  =  0.     P^ W  —  =  0. 

_  3  3 

.*.   Minimum  base,  b  =  1.02h   \/k Eq.  0. 

h  &- 

Minimum  Base.     Limit  pt  max.  P^ pt  max.  —  =  0. 

3  6 

jhkf 

.  .  Minimum  base,  b  =  hk  -if — Eq.  2. 

y 

For  each  grade  of  material  there  is  a  depth  of  foundation,  y, 
at  which  the  values  of  b  in  the  two  equations  wnll  be  equal;  that 
depth  is  given  by  the  equation 
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y  =  0.96  k^fh. 

For  footing  depths  greater  than  the  value  given  by  the  equa- 
tion for  y,  the  base  should  be  determined  by  Equation  0,  and  for 
depths  less  than  given  by  the  equation  for  y,  the  width  of  base 
should  be  determined  by  Equation  2. 

In  all  cases  the  author  considers  it  prudent  to  provide  for  a 
jjositive  reaction  at  the  heel  equal  to  the  tendency  of  the  material 
to  flow ;  this  condition  is  expressed  by  making  />i,  =  100  hk-  in 
the  case  assumed. 

Equation  1  of  Fig.  4  then  becomes : 

h  b^  b 

Minimum  Base.     Limit  pb,  Pe \-  pu IV  —  =  0. 

3  6  3 


.'.  Minimum  base,  b  =  h   V^-^-(0-96  —  k^) Eq.  1. 

For  each  grade  of  material  there  is  a  depth  of  footing,  y,  at 
which  the  value  of  b  in  Equations  1  and  2  are  equal,  and  this  depth 
is  given  by  the  equation 

y 

—  =  k-f  (0.96  — k^). 
h 

This  equation  gives  a  constant  ratio  for  each  grade  of  mate- 
rial at  which  depth  the  value  of  b  determined  by  Equations  1  and  2 
will  be  equal;  for  greater  depths,  use  Equation  1,  and  for  less 
depths  use  Equation  2,  to  determine  the  width  of  base. 

The  ratio  of  base  to  height  required  to  resist  sliding  is  ex- 
pressed by  the  equation 

50  fkh-"         b         1.042  fk 

tan.  <J>=:; .'. — ■== 

48  bh  h         tan.  * 

This  ex])ression  gives  a  constant  ratio  for  each  grade  of  ma- 
terial, but  in  most  cases  it  is  not  feasible,  with  a  horizontal  base, 
to  obtain  the  factor  of  safety  desired  against  sliding.  The  abutting 
resistance  of  earth  in  front  of  the  wall  may  be  utilized  and  the  base 
may  be  stepped  or  inclined  to  produce  a  stable  design.  Or,  if  all 
of  the  physical  characteristics  of  the  surrounding  material  are  defi- 
nitely known,  it  may  be  safe  to  reduce  the  factor  of  safety  recom- 
mended. 

These  cc|uations  establish  a  few  principles  that  will  be  con- 
\cnicnt  for  designers,  no  matter  what  their  ideas  may  be  regard- 
ing the  lateral  pressures  on  the  back  of  a  wall,  or  what  the  allow- 
able pressure  at  the  heel  and  toe  may  be. 

Principle. 

1st.     For  n'cry  hcii^hi  of  rctainiui:^  ivall  there  is  a  depth 
for  foundation  at  which  the  base  required  to  satisfy  any  pres- 
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sure  selected  for  the  heel  of  the  zvall  and  the  base  required  to 
satisfy  any  pressure  selected  for  the  toe  of  zvall  zvill  be  equal. 

2nd.  For  all  retaining  walls  having  footings  belozv  a  cer- 
tain definite  limit  the  zvalls  can  be  designed  to  satisfy  the  heel 
pressure  zvithout  reference  to  the  toe  pressure. 

^rd.  For  all  retaining  zmills  hazAng  footings  above  a  cer- 
tain definite  limit  the  zvalls  can  be  designed  to  satisfy  the  toe 
pressure  zvithout  reference  to  the  heel  pressure. 

4th.  For  all  retaining  walls  there  is  a  minimum  ratio  of 
depth  of  foundation  to  height  of  zvall  over  which  the  zvidth  of 
bases  should  vary  as  the  first  pozver  of  the  height. 

§th.  For  all  retaining  zvalls  there  is  a  maximum  ratio  of 
depth  of  foundation  to  height  of  zvall  under  zvhich  the  width 
of  bases  should  vary  as  the  one  and  one-half  pozver  of  the 
height. 

It  is  quite  general  practice  to  select  a  preliminary  design  by 
making  the  base  of  a  wall  some  percentage  of  the  height  and  to 
compare  designs  by  the  ratio  of  base  to  height.  This  basis  is 
ordinarily  wrong,  being  only  true  of  walls  having  relatively  deep 
foundations.  For  all  cases  in  which  the  dimensions  are  determined 
by  the  limit  placed  on  the  toe  pressure  as  shown  by  Equation  2, 
the  equation  should  be  in  the  form  b  =  Ch  VA~  (in  which  C  is 
some  specific  constant)  instead  of  the  common  form  b  =  Ch. 

Coefficients  for  any  typical  wall  can  be  prepared  to  apply  in 
Equations  1  and  2  and  reduce  the  labor  of  designing  to  an  absolute 
minimum. 

To  illustrate  the  use  of  these  ratios  and  coefficients,  assume 
a  wall  to  have  a  net  height  of  10  ft.  and  that  it  is  proposed  to 
place  the  footing  4  ft.  below  the  ground  level  at  toe,  making  a 
total  height,  h,  of  14  ft. 

The  designer  may  select  any  angle  of  friction  in  first  line, 
any  coefficient  of  friction  in  second  line,  coefficient  of  lateral 
pressure,  k,  in  third  line,  or  total  horizontal  pressure,  Pr.  in  f?fth 
line  that  his  tests  or  practical  knowledge  dictates,  because  either  of 
these  functions  yield  the  same  result  when  followed  through  the 
column  to  which  it  belongs. 

I  will  select  the  case  of  an  angle  of  internal  friction  ^  30°. 

Example  1.  In  the  30°  column  under  "Limit  values  for  h" 
and  on  line  y  =  4  find  h=  \7  ft.  So  use  the  coefficient  for  b  -^  h 
on  eighth  line  =  0.626,  which  gives  a  base  =  14  X  0.626  ==  8.75  ft. 

Example  2.  If  the  depth  of  toe  be  made  3  ft.  instead  of  4  ft. 
and  h=\Z  ft.  in  "Limit  values  for  h,"  and  on  line  y  =  3  find 
^=12.7  ft.  So  use  coefficient  Vi^^/-^-y,  and  on  line  y  =  Z  find 
0.176 ;  then  b-^h  =  0.176  VT=  0.634  and  &  =  13  X  0.634  = 
8.25  ft. 

In  same  column  below,  for  "safe  pressures,"  />t  =  1080  lb.  per 
sq.  ft. 
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COEFnCIENTS  FOR  WALL  OFTyPE  P 
ForaLeveinil,WeightofEarthl001bcuftWrofMasonry,l441b.cuft 

Angleof  Internal  Friction 

15° 

20° 

25° 

30° 

35° 

40° 

45° 

Coeff  of  Internal Fnct'n 
Coeff  of  Lot  Pres.     K 
Factor  of  Safety      f 
Total  Horiz.  Pressure  Pe 

pi_4.,_,  |_.  1.  '~;||,Hii-ii-i  1-^^^li^ 

0.268 

0364 

0466 

0577 

0.700 

0839 

1.000 

0589 

0490 

Q406 

0333 

Q27I 

0217 

0172 

2.00 

2.17 

2.33 

2.50 

2.67 

2.83 

3  00 

295h2 

245h2 

2Q3h2 

I6.7h2 

I35h2 

I09h2 

a6h2 

458 

3.04 

212 

1.51 

1.08 

0.76 

054 

i^atiob.holiciing    ^^^^ 
Ratio  y-Mn  for  Eq.  1.. 
Ratiob-hforpj,H00k2h. 

0425 

0375 

0306 

0236 

0174 

0.122 

00825 

0980 

0.826 

Q7I4 

0626 

0553 

Q488 

C.430 

For  Values  of  h  less 
than  on  line  of  Value  ofy_ 
u  se  coef  f  ici  ent  for  Value 
ofb-^-ln  above, or  Eq.l 

ForValuesofh  great- 
er limitsgiven  aboveuse 

y 

LimitValues  ofh. 

3 

70 

80 

98 

12.7 

172 

24.6 

36.4 

4 

9.4 

107 

131 

170 

230 

32.8 

48  5 

5 

118 

13  3 

163 

21.2 

287 

4I,C 

606 

6 

141 

16.0 

196 

254 

34  5 

492 

72.7 

7 

16.5 

186 

228 

296 

402 

573 

650 

y 

Coefficients  Vk^f-y 

3 

o:'69 

0.292 

0228 

0176 

0133 

Q098 

Q07I 

4 

0320 

0252 

0.198 

0152 

0.115 

0  065 

00625 

Coefficient  Vk^f-ry  and 
multiply  by  VJTfor 
Ratiob-rhorEq.  2 

5 

0.^66 

0226 

0177 

0136 

0103 

0076 

0055 

6 

Q261 

QE06 

0161 

0124 

0.094 

0.069 

aC50 

7 

0242 

0191 

0.149 

0115 

Q087 

0.064 

0.047 

Pressure  per  sq, ft 
attoeof  Wall 
or  p^-IOOy-rk2f 

y 

Safe  Pressures 

3 

435 

570 

780 

I08C 

1530 

2250 

3390 

4 

580 

760 

1040 

1440 

2040 

3000 

4520 

5 

725 

950 

1300 

1800 

2550 

3750 

5650 

6 

870 

1140 

1560 

2160 

3060 

4500 

6780 

7 

1015 

1330 

1820 

2520 

3570 

5250 

7910 

Table  5. 
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Example  3.  If  with  the  footing  at  a  depth  of  4  ft.  it  is  con- 
sidered safe  to  let  the  pressure  down  to  zero  at  the  heel,  use 
Coef.  yJk'f^y  =  0.lS2  and  & -^  A  =  0.569,  when  the  base  be- 
comes 14  X  0.569  ==  7.96  ft. 

Same  column  below,  for  "safe  pressures,"  pt  =  1440  lb.  per 
sq.   ft. 

In  all  three  examples  reading  on  sixth  line,  the  base  should 
be  1.51  /j  to  resist  sliding  with  the  factor  of  safety  2.5  as  desired, 
which  indicates  that  the  base  of  wall  should  be  stepped  or  inclined. 

With  the  base  ratio  selected,  the  designer  can  enter  the  con- 
version diagram,  Fig.  8,  and  select  practical  dimensions  for  con- 
crete or  reinforced  concrete  walls  with  the  assurance  that  they 
will  require  but  little  modification  when  finally  checked  by  more 
detailed  processes. 

When  an  inclined  or  stepped  base  is  required  to  resist  sliding, 
the  designer  should  use  Type  V  wall  in  conversion  diagram,  or 
dimensions  selected  at  some  point  between  the  Type  V  and  Type  L 
curves  and  revise  the  section  shown  in  Fig.  4,  as  indicated  by 
dotted  lines. 

The  origin  of  the  rule  to  make  the  base  four-tenths  of  the 
height  may  be  explained  as  follows : 

Assume  a  typical  wall  of  trapezoidal  section  with  vertical  back, 
level  fill  and  thickness  of  wall  at  top  equal  one-half  the  thickness 
at  base,  also  that  the  masonry  weighs  150  lb.  per  cu.  ft.  The 
weight  of  a  section  of  wall  1  ft.  long  will  be  0.75bh  X  150  = 
112.5bh,  and  its  center  of  gravity  will  be  at  a  distance  of  0.389& 
from  the  back.  Take  the  horizontal  pressure  as  expressed  by  Mr. 
Armstrong's  equation,  15/i^. 

Taking  moments  about  a  point  in  the  base  at  a  distance  of 
one-third  b  from  the  back,  the  value  oi  ph  may  be  neglected  and 
there  results 

h  b        b 

15h'X  — +112.5  &/t( 0.389  — 0.333)  =p,X  —  X  — 
3  2        3 

Whence  b^  =  h'  -^  (0.033pt  —  l.26h) (a) 

When  ^i,  =  0,  the  resultant  pressure  passes  the  base  at  the 
middle  third  and  for  this  condition  y2ptb^=ll2.5bh,  or  pt^=225h. 
Substituting  in   (a), 

b^  =  h^^  (7.5h—  1.26/0  =h^-^  6.24  =  0.16/t-  nearly, 

or  6  =  0.40/7. 

This  is  the  good  old  thumb  rule  that  has  probably  caused  more 
retaining  wall  failures  than  any  other  method  of  designing. 

In  reducing  Equation  (a)  to  the  form  &  =  0.40/i  it  will  be 
noticed  that  the  value  of  pt  was  determined  by  h,  namely,  pt  =  225h. 
So  the  equation  amounts  to  making  the  toe  pressure  a  function  of 
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the  height  of  the  wall  h,  when  it  should  be  a  function  of  the  depth 
of  toe,  y. 

For  a  wall  10  ft.  high,  p,  =   2,250  lb.  per  sq.  ft. 
-    "     "     50  ft.      '•      pc=  11,250  "       "    "     " 
and  in  either  case  the  factor  of  safety  may  be  greater  or  less  than 
one,  depending  on  the  depth  of  the  toe;  generally  less  when  the 
abutting  resistance  of  the  toe  and  possible  friction  on  the  back  of 
the  wall  are  neglected. 

For  pt  =  0  and  for  every  grade  of  material  there  is  some 
depth  of  toe,  y,  at  which  the  proper  width  of  base  may  be  0.40/t, 
and  for  all  other  depths  of  toe  in  the  same  grade  of  material  the 
ratio  b-i-h  should  vary  as  \/Ji  -^  (0.033/>t — 1.26/j)  for  this  typ- 
ical wall. 

This  variable  ratio  is  not  ordinarily  used  if  the  forty  walls 
illustrated  in  Mr.  Howe's  treatise  on  retaining  walls,  or  thirteen 
walls  listed  on  page  598,  first  edition  of  American  Civil  Engineers' 
Pocket  Book,  fairly  represent  good  practice.  It  is  notable,  how- 
ever, that  69%  of  the  thirteen  \valls  mentioned  have  slipped,  tipped, 
or  tumbled. 

The  requirement  of  a  larger  ratio  of  base  to  height,  as  the 
height  increases,  is  clearly  indicated  in  Figs.  5,  6,  and  7  by  the 
inclined  and  slightly  curved  lines  for  "Minimum  Base  a/c  Toe 
Pressure"  in  those  figures. 

I  fail  to  comprehend  how  Mr.  Armstrong  used  Rankine's 
theory,  the  same  as  Equation  3,  determined  the  value  P  =  I4.3h' 
mathematically,  seasoned  the  mathematical  porridgie  with  4.9%  of 
good  common  sense,  and  determined  the  abbreviated  formula 
P=  15A^  as  his  standard,  without  committing  himself  to  the  theory, 
mathematics  and  a  recognition  of  a  value  for  <f>  to  such  an  extent 
that  he  could  not  later  suggest  "to  assume  a  granular  material  of 
proper  weight,"  and  presumably  an  asstimed  value  of  (f>,  "which 
are  nearly  enough  correct,  and  design  your  wall  accordingly,"  with- 
out stating  what  proper  weight  of  granular  material  should  be  as- 
sumed and  what  kind  of  a  guess  should  be  made  on  its  lateral 
pressure. 

It  appeals  to  me  as  better  practice  to  determine  all  the  factors 
as  nearly  as  possible  by  tests  and  mathematics,  apply  them  first, 
and  do  your  guessing  at  the  end  of  the  operation, — if  any  guess- 
ing must  be  done.  I  can  see  no  reason  why  accredited  tests  and 
mathematics  in  such  a  case  will  not  at  least  aid  a  man  endowed 
with  the  sixth  sense  in  guessing  at  advisable  dimensions  for  a 
retaining  wall — if  he  insists  on  guessing. 

Mr.  Armstrong  advises  discussion  mathematically  to  deter- 
mine the  laws  governing  designs  rather  th&n  actual  working  formu- 
lae. As  I  understand  this  matter,  common  sense,  experiments, 
and  logic  determine  the  laws,  mathematics  delivers  the  quantita- 
tive analysis,  and  a  working  formula  is  produced  by  dropping  the 
decimal  figures  or  their  equivalent. 
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This  debater  also  states,  "a  structure  designed  entirely  on 
mathematical  deduction  often  proves  to  be  weak  in  many  essential 
features."  I  was  educated  to  believe  that  mathematics  was  the  most 
exact  of  all  sciences.  I  still  believe  it  is,  and  shall  urge  all  others 
to  the  same  belief  until  the  debater  presents  a  concrete  case  to 
disprove  it.  I  fear  he  has  been  misled  by  some  misapplication  of 
mathematics. 

There  appears  to  be  mystery  in  some  minds  regarding  what  I 
mean  by  a  factor  of  safety.  This  is  the  first  time  in  33  years  of 
my  practice  that  a  question  as  to  the  meaning  of  the  phrase  has 
been  raised,  so  I  feel  justified  in  using  a  small  percentage  of  that 
time  to  give  two  interpretations  other  than  my  own : 

From  Rankine's  Civil  Engineering,  page  222 : 

"A  factor  of  safety  when  not  otherwise  specified  means  the 
ratio  in  which  the  breaking  load  exceeds  the  working  load." 

From  American  Civil  Engineers'  Pocket  Book,  page  273 : 

"The  factor  of  safety  is  the  number  by  which  the  ultimate 
stress  must  be  divided  to  give  the  working  stress." 

It  is  with  that  meaning  I  have  used  a  factor  of  safety  in  my 
equations. 

Some  arguments  in  favor  of  the  use  of  the  elastic  limit  or 
yield  point  as  the  basis  of  a  factor  of  safety  have  been  advanced, 
and  with  good  reason  in  some  cases,  but  the  fact  that  the  ultimate 
strength  of  nearly  all  materials  is  a  more  definite  quantity  and  easier 
to  determine,  has  prevented  the  use  of  the  factor  to  express  the 
relation  between  the  working  stress  and  the  elastic  limit  in  engi- 
neering structures. 

In  reply  to  the  statement  "I  do  not  know  of  any  engineering 
structure  to  which  exact  mathematics  in  actual  design  is  less  ap- 
plicable than  retaining  walls,"  I  will  state  that  I  do  not  know  of 
any  engineering  structure  to  which  actual  mathematics  is  less  ex- 
actly applied  than  to  retaining  walls ;  the  record  of  partial  and 
total  failures  in  these  strustures  is  not  a  very  good  argument  in 
favor  of  less  mathematics. 

Cohesion  in  many  grades  of  earth  prevents  the  accurate  deter- 
mination of  the  angle  or  repose,  but  that  the  readers  may  not  be 
misled  or  discouraged  by  the  statement  that  nobody  will  ever  know 
what  the  angle  of  internal  friction  of  the  material  underlying  the 
city  of  Chicago  is,  I  will  refer  them  to  the  experiments  of  E.  P. 
Goodrich  and  advise  them  that  considerable  is  already  known  in 
regard  to  this  physical  characteristic  of  earth. 

These  experiments  have  been  before  the  public  about  ten  years, 
and  for  each  grade  of  material  the  results  agree  closely  with  a 
straight  line.  In  comparison  with  the  representation  of  tests  on 
steel  columns  by  the  straight  line  formulae,  used  with  confidence 
by  most  bridge  engineers,  the  latter  are  easily  distanced. 

Referring  to  Mr.  McCullough's  discussion:  As  stated  in  my 
argument  on  the  tenth  page  of  my  paper,  the  wedge  of  least  re- 
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sistance,  as  ordinarily  applied  by  bisecting  the  angle  90°  —  (/>  gives 
accurate  results  for  one  case  only;  that  is,  when  <f>  is  the  angle  of 
internal  friction,  when  the  surface  of  the  material  retained  is  level 
and  without  superimposed  load,  and  the  back  of  wall  is  vertical; 
in  all  other  cases  the  method  advanced  in  this  paper  will  yield  more 
reliable  results. 

In  most  cases  the  variation  of  the  approximate  method  is  not 
large  and  may  be  permissable  in  preliminary  studies,  but  for  final 
design  the  unknown  variation  should  be  eliminated  by  using  the 
more  accurate  analysis. 

Sir  Benjamin  Baker's  extensive  experience  in  building  retain- 
ing walls  has  generally  inspired  great  confidence  in  his  paper  on 
this  subject.  He  says  "experience  has  shown  that  a  wall  [to  sus- 
tain earth  having  a  level  top  surface]  vviiose  thickness  is  one-fourth 
of  its  heigiit,  and  which  batters  one  or  two  inches  per  foot  on  the 
face,  possesses  sufiicient  stability  when  the  backing  and  founda- 
tion are  both  favorable."  Also,  "as  a  result  of  his  own  experience, 
the  author  (Benjamin  Baker)  makes  the  thickness  of  retaining 
walls  in  ground  of  an  average  character  equal  to  one-third  of  the 
height  from  the  top  to  the  footings."  His  papers  may  seem  to 
some  to  be  the  last  word  in  English  on  retaining  walls,  but  as  no 
limit  is  placed  on  the  depth  of  the  foundation,  no  limit  is  placed  on 
the  height  of  the  wall,  and  as  this  country  has  furnished  numer- 
ous failures  of  walls  having  50  to  100%  more  liberal  proportions, 
it  is  time  to  investigate  the  characteristics  of  the  earth  to  be  dealt 
with,  apply  mathematics,  and  revise  the  code. 

'J'he  factors  of  safety  I  have  recommended  for  use  in  subway 
construction  in  Chicago  are  larger  than  I  would  apply  in  most 
cases.  The  damage  that  may  be  avoided  by  this  precaution  is  well 
illustrated  by  the  recent  failure  on  the  Marshall  Field  &  Co.  build- 
ing on  Randolph  Street. 

Referring  to  discussion  of  Messrs.  Grant,  Hayford  and  Trat- 
man:  The  engineering  paper  in  which  the  failure  of  the  wall  on 
the  Barge  Canal  was  reported  states  that  the  initial  movement  of 
only  .)4  in.  occurred  when  the  filling  was  dropped  10  to  40  ft. 
Thereafter  more  care  was  exercised  in  phcin^^  the  filling  and  ten 
days  later  the  wall  started  again  ;  in  four  hours  it  moved  out  18  ft. 
at  the  top,  10  ft.  out  at  the  bottom,  and  down  4  ft.  Reproductions 
from  photographs  in  another  journal  show  the  fill  about  three- 
fourths  completed,  with  no  indications  of  high  dumping  and  a 
reasonably  level  even  fill. 

If  the  illustrations  in  the  paper  can  be  relied  upon,  the  failure 
is  clearly  due  to  an  excessive  toe  pressure  and  no  toe  depth  to 
countcrbalajice  the  conjugate  pressures  resulting  from  the  toe  pres- 
sure. 

No  si)eculating  is  necessary  as  to  the  cause  of  the  failure.  If 
it  was  the  result  of  impact  the  wall  would  come  to  rest  when  the 
vibration  was  absorbed  instead  of  moving  on  for  four  hours.     If 
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it  was  due  to  a  slippery  bottom  the  movement  would  have,  been 
nearly  horizontal.  Instead  of  either  of  these  conditions,  the  wall 
ploughed  down  into  the  bottom  of  the  canal  andi  rolled  up  a  toe 
to  resist  the  conjugate  pressures  developed,  and  stability  was  re- 
stored. No  one  M'as  killed  and  no  hara-kiri  resulted  because  of  the 
incident. 

In  the  account  that  I  read  of  the  reconstruction  of  the  wall,  it 
was  stated  that  the  cross-section  was  enlarged,  without  stating 
where  or  to  what  extent.  Exact  information  covering  these  changes 
and  any  other  precautions  taken  to  avoid  a  recurrence  of  the  failure 
would  be  interesting. 

I  fail  to  get  the  logic  of  Professor  Hayford's  discussion.  In 
one  place  he  says,  "Mathematics  simply  furnishes  one  a  means  for 
getting  at  the  correct  logical  conclusion  from  a  given  set  of  facts 
or  a  given  set  of  assumptions."  "It  gets  from  certain  facts  or  cer- 
tain assumptions  the  proper  logical  conclusion  provided  your  facts 
or  assumptions  are  quantitative."  In  another  place  he  advocates 
the  general  use  of  "rough  mathematical  methods"  to  conserve  one's 
energies  to  study  assumptions. 

I  will  compare  such  a  process  with  a  navigator  who  having 
consulted  all  his  charts  and  determined  as  nearly  as  possible  the 
location  of  a  new  harbor  and  determined  the  course  for  his  ship, 
steersi  it  roughly  and  takes  a  chance  of  landing  in  the  harbor  or  on 
either  side  of  it. 

The  argument  affords  any  of  the  professor's  pupils  who  hap- 
pen to  see  it  a  fine  opportunity  to  relieve  the  monotony  of  class- 
room exercises  with  pertinent  but  heckling  questions. 

Referring  to  Mr.  Lacher's  discussion :  The  service  of  bridges 
in  holding  up  abutments  is  not  monopolized  by  public  highway  con- 
structions. I'  have  seen  a  number  of  railway  bridges  performing 
the  same  benevolent  act.  I  cannot  aid  you  on  your  economic  abut- 
ment problem.    Try  some  benevolent  society  or  an  insurance  agent. 

Referring  to  Mr.  Stern's  discussion :  The  eulogy  of  the  visual 
engineer,  his  sixth  sense,  and  his  ability  to  look  at  a  design  for  a 
bridge  and  know  instinctively  whether  or  not  it  is  right,  is  unfortu- 
nate in  this  discussion,  because  the  final  decision  as  to  what  is  or 
is  not  right  in  bridge  construction  is  almost  invariably  determined 
by  computation. 

The  visual  engineer  with  proper  preliminary  training  and  ex- 
tensive practice  may  be  able  to  detect  gross  errors  or  omissions 
that  should  have  been  discovered  by  the  assistant  engineer  or  the 
lowly  checker,  but  all  exact  determinations  fall  to  the  aides  who 
have  gained  and  retained  the  mathematics  covering  the  case;  the 
visual  engineer  must  take  the  siding  to  give  a  clear  track  for  the 
results  of  tests  and  mathematics. 

For  over  30  years  the  visual  engineers  have  been  using  either 
their  sixth  sense,  or  some  empirical  rule  which  makes  the  width  of 
base  of  a  wall  a  percentage  of  the  height,  or  guessing  at  the  lateral 
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pressures  and  safe  resistance  of  the  earth  in  foundation,  without 
discovering  that.  Whatever  the  pressure  on  the  back  of  the  wall 
may  be,  and  whatever  the  safe  resistance  of  the  earth  should  be,  the 
base  of  walls  of  different  height  should  vary  as  the  height  of  the 
wall  multiplied  by  the  square  root  of  the  height  in  all  ordinary  cases. 

Referring  to  Mr.  Vent's  discussion:  If  an  hydrostatic  equiva- 
lent for  a  surcharge  is  applied,,  the  zero  point  of  pressure  would  be 
at  some  distance  above  the  top  of  the  wall  and  the  center  of  pres- 
sure would  be  located  too  far  above  the  base.  If  that  part  of  the 
l-ressure  above  the  top  of  the  wall  is  neglected,  the  total  pressure 
will  be  too  small  and  the  center  of  pressure  too  low ;  and  if  the 
surcharge  or  superimposed  load  does  not  extend  to  the  back  of  the 
wall,  as  is  nearly  always  the  case,  the  equivalent  hydrostatic  theory 
is  quite  irrational. 

In  one  sentence  he  advocates  the  use  of  a  hydrostatic  equiva- 
lent and  in  another  states  that  "the  ratio  of  thrust  to  vertical  loads 
changes  somewhat  in  the  different  heights  of  abutments,"  without 
stating  whether  it  is  greater  or  less,  at  higher  or  lower  points  or 
how  much. 

The  other  features  of  Mr.  Vent's  discussion  appear  to  be  un- 
debatable  without  hearing  how  he  knows  his  walls  will  stand  up; 
it  is  the  number  that  have  failed  with  more  liberal  proportion  that 
leads  me  to  be  suspicious. 

Referring  to  Professor  Baker's  discussion :  I  am  pleased  to 
acknowledge  my  error  and  apologize  to  Professor  Baker  for  mixing 
the  dates  of  his  interesting  discussion  on  earth  pressures  and  hope 
to  see  a  thorough  revision  of  his  criticisms  in  future  editions  of  his 
work. 

The  theory  of  conjugate  pressures  as  developed  by  Rankine  is 
a  strictly  mathematical  discussion  of  the  highest  order  and  its  ap- 
plication to  practical  problems  is  not  generally  understood;  it  is  not 
surprising  then  that  some  writers  are  slow  in  adopting  it  and  that 
it  is  sometimes  discredited. 

Evidence  that  it  can  be  safely  applied  to  any  homogeneous 
material  from  a  fluid  to  the  hardest  .solid  is  furnished  by  steel  and 
other  materials  under  stress  in  the  lateral  deformation,  now  meas- 
ured and  known  as  Poisson's  ratio,  although  v30  years  ago  this 
property  had  not  been  dignified  with  an  imported  name. 

Solids  in  wh.ich  the  compressive  strength  is  large  compared 
with  the  tensile  strength,  as  cast  iron  and  concrete,  furnish  diagonal 
fractures  in  compression  tests  to  indicate  the  maximum  angle  of 
obliquity  for  internal  stress,  and  in  granular  materials  the  measured 
jiressures  and  planes  of  rupture  are  in  good  accord  with  the  con- 
jugate theory  of  internal  stress. 

If  to  a  clean  granular  material  one  applies  a  little  foreign  mat- 
ter such  as  loam,  cement,  rootlets,  or  water  or  some  special  condi- 
tion of  stress  such  as.  shaking,  tamping,  or  puddling,  he  should 
expect  a  change  of  the  physical  characteristics. 
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A  skilled  moulder  will  take  tine  sand  that  when  loose  in  a 
pile  will  stand  at  an  angle  of  45°  or  less,  sift  it  into  a  thoroughly 
granular  condition  into  a  flask,  apply  moisture  and  pressure  as  his 
skill  dictates,  and  cause  it  to  stand  vertical  or  overhang  in  almost 
any  intricate  form  desired.  He  knows  that  an  excess  or  deficiency 
of  moisture  or  pressure,  or  shock,  or  vibration  will  destroy  his 
structure;  its  integrity  is  founded  on  cohesion  and  its  life  limited. 

Rankine  gives  similar  reasons  for  ignoring  cohesion  in  de- 
termining the  stability  of  structures  in  earth,  in  the  following 
words:  "A  structure  of  earth,  whether  produced  by  excavation  or 
embankment,  preserves  its  figure  at  first  partly  by  means  of  the 
friction  between  its  grains  and  partly  by  means  of  their  mutual 
cohesion  or  tenacity;  the  latter  force  is  considerable  in  some  kinds 
of  earth  such  as  clay,  especially  when  moist.  It  is  by  its  tenacity 
that  a  bank  of  earth  is  enabled  to  stand  with  a  vertical  or  even 
overhanging  face,  for  a  few  feet  below  its  upper  edge;  whereas, 
friction,  alone,  as  will  afterward  appear,  would  make  it  assume  uni- 
form slope. 

But  the  tenacity  of  earth  is  gradually  destroyed  by  the  action 
of  air  and  m.oisture  and  by  the  changes  of  the  weather ;  so  that  its 
friction  afone  is  the  only  force  which  can  be  relied  upon  to  produce 
permanent  stability." 

It  is  so  well  known  that  in  caving,  banks  generally  cleave  in  a 
curve  with  the  least  slope  at  the  base  and  the  greatest  slope  at  the 
top,  when  the  material  is  homogeneous,  and  that  the  curved  face  is 
almost  invariably  reduced  approximately  to  a  plane  by  the  action 
of  rain,  frost,  and  other  conditions  of  weather,  that  after  showing, 
in  discussion  of  Fig.  3,  that  a  variation  of  20°  in  the  position  of  the 
plane  or  curve  does  not  radically  afifect  the  total  lateral  pressure  on 
a  wall,  it  does  not  appear  to  be  appropriate  or  profitable  to  devote 
more  space  to  the  discussion  of  this  transitory  condition  of  cohesion 
in  a  paper  dealing  with  stabilities. 

The  report  of  experiments  conducted  by  E.  P.  Goodrich  indi- 
cates a  careful  study  of  previous  experiments  in  this  and  foreign 
countries,  and  upon  page  298  of  V^ol.  53  of  the  Transactions  of  the 
American  Society  of  Civil  Engineers  he  states :  "They  shozu  con- 
clusively that  Rankine's  theory  of  conjugate  pressures  is  correct 
zvhen  the  proper  angle  of  friction  is  used." 

A  vertical  trench  in  a  body  of  earth  having  a  horizontal  top 
requires  horizontal  bracing  only  to  insure  stability.  If  the  line  of 
trench  is  transverse  to  a  steep  slope,  it  requires  inclined  l)racing 
only,  and  I  hope  all  engineers  know  which  way  to  incline  the  brac- 
ing. A  retaining  wall  that  will  supply  the  resistance  aflforded  by 
the  braces  so  that  they  and  the  earth  on  one  side  may  be  removed 
is  all  that  is  required  to  insure  stability.  From  this  illustration 
the  direction  and  point  of  application  of  the  resultant  stress  in  this 
simple  case  is  so  evident  that  it  seems  unnecessary  to  submit  proof, 
but  I  will  apply  a  little  "Reductio  ad  ahsurdum." 
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To  throw  more  li^dU  on  these  disputed  points  let  us  concede, 
for  an  example,  that  the  direction  and  point  of  application  of  the 
resistance  offered  by  a  retaining  wall  is  as  Professor  Baker  argues 
— in  the  direction  of  motion — and  that  the  point  of  application  is 
between  0.35/i  and  0.50/f  from  the  base  of  wall. 

The  forces  necessary  to  equilibrium  are  as  represented  in  Fig. 
9.  It  is  not  necessary,  in  this  argument,  to  know  the  magnitude  of 
any  of  them. 

We  know  that  the  resultant  weight  W  of  the  wedge  ABC 
acts  through  its  center  of  gravity;  we  know  that  it  may  have  a 
component  N  perpendicular  to  the  plane  B  C,  and  that  this  compo- 
nent multiplied  by  the  coefficient  of  internal  friction,  tan.  ^,  will  give 


^"V»^/ff^ 


F.CI.9. 


the  tangential  stress  on  the  plane  B  C  due  to  frictional  resistance ; 
and  if  a  line  IT  /'"  making  an  angle  </>  with  the  line  W  N  be  drawn, 
it  will  represent  the  direction  and  point  of  application  of  the  re- 
sultant stress  on  the  plane  B  C. 

The  location  of  tlie  resultant  is  above  the  center  of  B  C,  so  the 
trai)ezoid  B-h  c-C  may  represent  the  distribution  of  pressure  on  the 
plane  B  C. 

It  is  (juite  irrational  to  presume  that  a  little  group  of  grains  of 
material  about  the  point  C  can  cither  produce  or  resist  the  stresses 
as  represented  by  the  line  C  c.  and  it  is  absurd  to  presume  that  any 
such  condition  of  stress  can  e.xist  except  between  two  solids. 

If  it  is  claimed  that  the  surface  of  rupture  will  be  a  curve  as 
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B  D  C,  the  position  of  W  must  be  moved  to  the  right  and  the  dis- 
tribution of  pressures  would  be  more  absurd.  If  it  is  claimed 
that  some  curve  as  B  D  C  may  represent  the  distribution  of  pres- 
sure, the  condition  of  stress  in  the  vicinity  of  C  should  not  be 
changed  if  we  assume  the  location  of  the  back  of  our  wall  on  the 
lines  A'  B'  or  A"  B",  in  which  case  neither  our  curve  of  rupture 
or  curve  of  pressure  would  meet  the  bottom  of  the  wall. 

The  simplest  conditions  of  statics  require  that  the  point  of  ap- 
plication of  P  be  at  one-third  the  height  of  wall  from  the  bottom 
and  that  in  this  case  its  direction  be  horizontal. 

If  the  wall  is  located  where  it  will  not  be  exposed  to  the  action 
of  water,  frost,  or  any  other  disturbing  element,  and  a  slight  yield- 
ing of  the  wall  or  fill  to  develop  friction  on  the  back  of  the  wall 
is  permissible,  the  method  of  treatment  is  indicated  in  Fig.  2  and 
the  original  text  of  this  paper. 

Tests  to  determine  the  "plane  of  rupture"  in  material  devoid  of 
cohesion  have  been  made  by  placing  different  colored  layers  of  the 
same  material  one  above  the  other  and  releasing  the  lateral  sup- 
port until  a  rupture  occurred  in  the  body  of  the  granular  material. 
The  location  of  the  rupture  was  clearly  defined  by  the  offsets  in 
the  various  strata ;  the  surface  was  a  clearly  defined  plane  instead 
of  a  curve,  and  the  volume  that  moved  conformed  with  the  theory 
of  a  wedge  of  least  resistance  and  Rankine's  theory  of  conjugate 
stresses. 

In  some  report  of  experiments  that  I  have  read,  but  am  not 
now  able  to  locate,  it  is  stated  that  when  tests  made  to  determine 
the  position  of  application  of  resultant  were  made  against  a  plane 
hinged  at  the  bottom,  the  resultant  appeared  to  be  above  the  third 
point,  and  when  the  plane  was  hinged  at  the  top  the  resultant  ap- 
peared to  be  below  the  third  point  above  the  bottom.  This  seems 
to  prove  that  the  true  location  is  at  the  third  point. 

The  comparison  of  tests  on  grain  in  the  bins  of  an  elevator 
with  the  conditions  ordinarily  found  in  earth  about  a  retaining  wall, 
suggests  a  comparison  of  the  hydrostatic  conditions  in  a  capillary 
tube  and  an  open  ocean ;  it  is  not  quite  as  bad,  but  on  the  way. 

The  statement  in  relation  to  Rankine's  theory,  "According  to 
this  theory,  a  wall  may  be  more  stable  with  a  surcharge  than  with 
a  level  top  surface,  because  of  the  difference  in  direction  of  thrust," 
requires  radical  revision,  to  be  in  accord  with  Rankine's  theory, 
by  the  addition  of  the  following  words :  "and  less  stable  because  of 
the  magnitude  of  the  thrust."  The  net  result  of  the  two  statements 
is  the  opposite  of  what  the  professor  states  regarding  its  stability. 

In  making  the  comparison,  it  seems,  too,  that  friction  on  the 
back  of  wall  has  been  neglected  in  the  case  of  the  level  top  and  in- 
cluded in  the  case  of  the  surcharge,  which  is  an  additional  error. 

In  the  experiments  of  Dr.  H.  Miiller-Breslau  I  understand 
the  friction  between  the  material  and  the  plane  supporting  it  was 
not  eliminated,  so  the  direction  of  resultant  pressure  in  the  various 
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tests  should  be  as  he  found  them ;  the  same  may  be  said  of  the  tests 
of  Sir  Benjamin  Baker. 

The  use  of  the  factors  of  safety  I  have  advocated,  will  result 
in  toe  pressures  substantially  lovi'er  than  those  in  common  use  v^'hich 
have  caused  most  of  the  partial  and  total  failures.  "Extending  the 
footing-  outward  at  the  toe"  will  accomplish  the  same  result  but  in  a 
rather  indefinite  manner. 

Conclusions. 

1.  The  weight  per  cubic  foot  and  coefficient  of  internal  fric- 
tion of  the  material  used  should  be  determined  as  nearly  as  possible 
in  all  cases. 

2.  Tests  of  foundations  should  be  made  at  various  depths 
with  the  earth  restored  about  the  testing  plunger  and  tamped  to  its 
original  density  before  the  test  loads  are  applied. 

3.  Cohesion  within  the  material  and  friction  on  the  back  of 
walls  should  be  neglected  in  designing  because  the  error,  if  any, 
in  so  doing  is  on  the  side  of  safety. 

4.  The  theory  of  Rankine,  with  the  angle  of  internal  friction 
substituted  for  the  angle  of  repose,  should  be  used  for  both  ver- 
tical and  lateral  pressures  and  resistances  on  walls  and  foundations. 

51  For  irregularly-shaped  surfaces  and  surface  loadsi  the 
method  proposed  in  this  paper  is  urged  for  trial  and  comparison 
with  the  results  of  other  methods. 

6.  The  permissible  pressure  upon  a  foundation  should  vary 
with  the  material  and  the  depth  it  is  located  below  the  lowest  sur- 
rounding material  or  the  depth  equivalent  of  the  permanent  surface 
load ;  the  depth  should  be  so  adjusted  as  to  place  the  pressures 
produced  by  variations  in  surface  loads  between  the  limits  of  active 
pressures  and  passive  resistances. 

7.  The  permissible  pressure  at  the  heel  of  a  wall  should  not 
be  less  than  the  pressure  resulting  when  the  material  is  saturated  to 
the  height  of  positive  drainage. 

8.  The  lateral  pressure  of  material  permanently  in  front  of 
the  wall  should  be  used  in  determining  net  moments  and  resistance 
to  sliding. 

9.  When  the  base  of  the  wall  is  inclined  to  resist  sliding,  the 
abutting  resistance  of  the  earth  above  the  level  of  heel  and  below 
the  level  of  the  t<>e  is  the  measure  of  the  resistance  secured  by  the 
inclined  or  stepped  base. 

10.  A  factor  of  safety  of  two  to  three  should  be  required  to 
prevent  rotation  and  sliding,  the  amount  depending  on  the  material 
and  the  damage  that  may  result  from  a  failure. 

To  all  who  have  participated  in  the  discussion  of  this  paper 
1  extend  my  sincere  thanks  for  their  aid  in  bringing  out  points 
that  otherwise  would  not  have  l)cen  nientionetl  or  not  as  fully  de- 
bated. 
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THE  MANUFACTURE  OF  BY-PRODUCT  COKE 

T.  V.  Salt,  m.  w.  s.  e. 

Presented  October  (>,  1913. 

IN  GENERAL. 

Before  going  into  the  process  of  the  manufacture  of  by-product 
coke,  it  would  perhaps  be  desirable  to  point  out  for  the  benefit  of 
those  who  are  not  familiar  with  the  subject,  a  few  of  the  economic 
and  commercial  aspects,  the  present  status  and  future  possibilities 
of  the  by-product  coke  industry. 

Coke  is  the  residuum  of  a  coking  coal  after  the  latter  has  been 
subjected  to  the  process  of  distillation  of  high  temperatures.  The 
process  of  distillation  is  carried  out  in  two  ways :  In  beehive  ovens 
with  only  partial  exclusion  of  air ;  and  in  by-product  coke  ovens  and 
gas  retorts  with  entire  exclusion  of  air. 

In  the  beehive  type  of  oven,  the  coking  process  is  carried  on 
with  a  partial  loss  of  fixed  carbon  due  to  combustion  in  the  ovens 
and  with  complete  loss  of  by-products. 

In  the  by-product  type  of  oven  the  process  of  coking  is  merely 
one  of  distillation,  with  complete  recovery  of  by-products  and  with- 
out any  accompanying  reduction  in  fuel  value,  as  combustion  does 
not  take  place  in  a  by-product  coke  oven. 

Inasmuch  as  the  coke  produced  from  the  manufacture  of  gas 
in  any  modern  gas  retort  is  not  generally  suitable  for  metallurgical 
purposes,  this  type  will  be  excluded  for  the  present. 

The  average  yield  of  coke  in  beehive  practice  is  approximately 
65%.  The  average  yield  in  by-product  practice  is  approximately 
75^%.  This  difference  is  accentuated  by  the  enormous  pro- 
duction of  the  Gary  and  Joliet  by-product  plants  of  the  Steel  Cor- 
poration, due  to  the  high  fixed  carbon  content  of  the  mixtures  used 
at  these  plants.  Nevertheless,  the  normal  yield  obtained  in  by-prod- 
uct coke  ovens  represents  a  tremendous  saving  during  the  course  of 
a  year's  operation.  You  are  referred  to  an  article  fully  illustrating 
this,  in  the  United  States  Geological  Survey  paper  on  "The  Manu- 
facture of  Coke  in  1912,"  by  Edward  W.  Parker. 

The  by-product  coke  industry  is  directly  allied  to  two  important 
industries:  (1)  The  manufacture  of  pig  iron;  and  (2)  the  manu- 
facture of  illuminating  gas.  A  further  field  is  its  universal  use  as  a 
fuel  to  replace  crude  coal. 

As  Mr.  Salt  was  unable  to  be  present.  Mr.  H.  B.  Kirkpatrick,  M.  w. 
s.  E.,  with  H.  Koppers  Company,  presented  this  paper  and  offered  discussion. 

Reference :  Technical  Paper  50,  Metallurgical  Coke,  by  A.  W.  Bel- 
den,  Bureau  of  Mines,  U.  S.  Department  of  the  Interior.  Washington, 
D.  C,  1913. 
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PRODUCTION  OF  PIG  IRON. 

The  following  table  shows  the  increase  in  the  production  of  pig 
iron  in  the  United  States  as  compiled  from  the  records  of  the  Amer- 
ican Iron  and  Steel  Association,  from  1890  to  1912,  inclusive: 

Year  Gross  Tons  Year  Gross  Tons 

1890 9,207,703  1901 15,878,354 

1891 9.279,870  1902 17,821,307 

1892 9,157.000  1903 18,009,252 

1893 7,124,502  1904 16,497,033 

1894 6,657,388  1905 22.992,380 

1895 9.446.308  1906 25,307,101 

1896 8,623,127  1907. 25,781,361 

1897 9,652,680  1908 15,936,018 

1898 11,773,934  1909 25,795,471 

1899 13,620,703  1910 27,303,567 

1000 13,789,242  1911 23,649.344 

1912 30,000,000 

It  will  be  seen  from  the  above  table  that  the  increase  in  pro- 
duction of  pig  iron  for  the  past  20  years  has  been  225% — a  pro- 
duction greater  than  that  of  Germany  and  England  combined. 

ANNUAL  ADDED  CAPACITY   1905-1912. 

Year  Capacity 

1905 1.292.000 

1906 1.135.000 

1907 2,065,000 

1908 1.185,000 

1909 1.930.000 

1910 1,794.000 

1911 565.000 

1912 1,000.000 

This  is  enough  to  illustrate  the  importance  of  the  pig  iron  in- 
dustry and  its  possible  growth. 

PRODUCTION  OF  COKE. 

Year  By-Product  Coke       Beehive  Coke                     Total 

1893  '    12,8.50                     9,464.730                     9.477,580 

1901  1,179,900  20.615.983  21.795.883 

1907  5,607,899  35,171.665  40.779.564 

1908  4,201,226  21.832.292  26.033,518 

1909  6,254,644  33,060.421  39,315.065 

1910  7,138,734  34.570.076  41.708.810 

1911  7,847.845  27,703.644  35.551.489 

1912  11,048,489  32,868,345  43,916.834 

It  will  be  seen  from  the  above  that  we  are  at  the  present  time 
manufacturing  only  about  25%  of  the  total  coke  produced  in  the 
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United  States  in  by-product  coke  ovens.  It  is  unnecessary  to  dwell 
on  the  wastefulness  of  the  beehive  oven ;  it  has  been  completely 
replaced  in  Europe  with  by-product  ovens,  and  it  is  only  a  question 
of  time  until  it  will  be  completely  replaced  in  this  country.  It  is 
not  now  considered  in  installations  for  the  production  of  coke, 
except  in  localities  where  it  is  advisable  and  almost  economically 
necessary  to  continue  beehive  practice.  The  future  field  for  the 
by-product  coke  oven  industry  in  this  particular  is  assured. 

Reference  to  the  above  table  will  show  that  during  1912  there 
were  practically  44,000,000  tons  of  coke  made  in  the  United  States, 
of  which  amount  approximately  11,000,000  tons  were  made  in  by- 
product coke  ovens.  Assuming  an  average  beehive  recovery  of 
65%,  there  were  aipproximately  54,000,000  tons  of  coal  converted 
into  coke  without  the  recovery  of  by-products,  and  practically  the 
entire  amount  was  consumed  in  the  manufacture  of  pig  iron. 

On  a  conservative  estimate,  it  is  safe  to  say  that  the  loss  of 
these  recoverable  by-products  amounted  in  value  to  a  sum  equalling 
the  total  coal  that  went  into  the  production  of  the  entire  44,000,000 
tons  of  coke. 

By-product  coke  when  properly  made  is  equal  in  quality  to 
the  best  grade  of  beehive  coke. 

BY-PRODUCT  COKE  IN   ITS  RELATION  TO  THE  BLAST  FURNACE. 

There  is  one  disadvantage  in  connection  with  the  by-product 
coke  oven.  It  is  a  fact  that  many  available  coals  for  making  excellent 
coke  in  Beehive  ovens  are  not  suitable  for  use  in  the  by-product 
oven,  as  the  coke  so  made,  while  satisfactory  chemically  and  physi- 
cally, breaks  up  into  pieces  too  small  for  use  in  the  blast  furnace. 
There  is  no  question  but  that  this  coke  could  be  used  for  domestic 
purposes,  but  unfortunately  this  is  an  undeveloped  market  and  will 
be  discussed  later.  It  is  also  a  fact  that  many  coals  available  for 
use  in  the  by-product  oven  and  making  excellent  metallurgical  coke 
cannot  be  used  in  the  Beehive  oven.  Therefore,  we  are  forced  to 
admit  that  both  types  of  ovens  are  restricted  to  certain  grades  of 
coal.  In  order  to  remove  the  objection  to  the  by-product  oven,  we 
have  merely  to  remove  the  objection  to  the  size  of  the  product  from 
certain  coals.  This  can  be  done  in  two  ways :  First,  we  must  learn 
to  coke  these  coals  in  such  a  way  that  the  objection  to  size  can  be 
removed ;  second,  we  must  ask  the  blast  furnace  men  to  learn  to 
use  the  small  coke.  If  the  coke  produced  is  satisfactory  in  all  other 
respects,  it  should  not  be  rejected  on  account  of  size,  provided  that 
the  size  of  the  coke  is  suitable  to  permit  its  use  at  the  tuyeres  of 
the  furnace. 

REQUIREMENTS  OF  BLAST  FURNACE  COKE. 

Practically  all  pig  iron  in  this  country  is  made  with  coke ;  yet 
there  does  not  appear  to  exist  any  definite  standard  specifications  for 
the  purchase  of  blast  furnace  coke.     Common  practice  and  usage 
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accepts  a  coke  as  satisfactory  that  possesses  the  following  essentials 
or  characteristics: 

/.     Chemical  Composition: 

(a)  An  ash  content  of  10%  or  under;  in  other  words,  the 
maximum  percentage  of  fixed  carix)n  with  corresponding  high  fuel 
value.  This  does  not  mean  that  coke  containing  a  higher  percentage 
of  ash  is  in  all  cases  rejected,  but  beyond  10%  it  adds  considerably 
to  the  cost  of  producing  pig  iron  and  is  therefore  undesirable. 

(b)  A  sulphur  content  of  1%  or  less. 

(c)  A  phosphorous  content  low  enough  so  that  the  pig  iron 
will  not  be  unduly  affected. 

2.     Physical  Characteristics: 

Under  this  heading  is  placed  the  cellular  structure  and  arrange- 
ment, on  which  depends  its  compressive  and  abrasive  resistance  to 
the  burden  in  the  furnace.  Cellular  displacement  or  porosity  deter- 
mines the  extent  of  the  spherical  area  exposed  to  the  action  of  the 
blast  and  rapidity  of  heat  development.  The  average  blast  furnace 
coke  has  a  porosity  of  from  47%  to  50%. 

The  prime  function  of  blast  furnace  fuel  is  to  furnish  heat. 
Therefore  the  higher  the  percentage  of  available  carbon  the  fuel 
contains,  the  greater  its  value. 

The  necessity  for  low  sulphur  and  ash  content  is  explained  by 
the  fact  that  its  removal  by  fluxing  requires  added  material  and  heat, 
the  heat  being  furnished  by  the  carbon  in  the  coke;  the  added  mate- 
rial will  be,  roughly,  twice  the  weight  of  limestone  per  unit  weight 
of  ash,  and  from  three  to  three^nd-a-half  times  the  weight  of  lirrje- 
stone  for  every  unit  weight  of  sulphur.  It  is  generally  estimated 
that  alK)Ut  25%  of  its  own  weight  in  carbon  is  required  to  melt  the 
slag. 

These  are  approximate  figures  and  are  given  simply  to  show 
how  the  purity  of  the  fuel  influences  the  capacity  and  quality  of 
production  of  the  blast  furnace.  As  indicated  above,  one  of  the  most 
important  factors  determining  the  value  of  fuel  is  its  size. 

It  is  generally  conceded  am<-)ng  blast  furnace  operators  that 
the  coke  in  its  descent  through  the  blast  furnace  is  only  slightly 
dissolved  by  the  ascending  CO2,  and  reaches  the  level  of  the  tuyeres 
practically  in  its  original  form ;  it  is  then  reduced  to  CO.  Just 
what  precise  size  the  coke  should  be  at  this  point,  I  have  never  been 
able  to  find  out,  but  the  furnace  men  in  general  agree  that  the  more 
uniform  the  coke  at  this  point,  the  faster  and  easier  the  furnace 
works.  This  being  the  case,  it  should  not  be  difficult  to  definitely 
state,  providing  flic  coke  is  properly  coked,  what  the  size  of  the 
coke  should  be  wlK-n  charged  into  the  furnace.  If  this  could  be 
determined  and  definitely  specified,  many  available  coals  that  make 
excellent  coke  would  be  thrown  upon  the  market  to  be  used  imme- 
diately in  the  manufacture  of  by-product  coke,  and  the  economic 
gain  to  the  user  would  be  very  great. 
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AVAILABLE  COKING  COALS. 

It  seems  that  there  are  two  essentials  lacking  in  the  necessary 
combination  to  enlarge  the  field  of  available  coking  coals:  First, 
specific  knowledge  of  the  actual  phenomena  of  coking;  second,  pre- 
cise and  definite  knowledge  in  the  art  of  its  use  in  the  manufacture 
of  pig  iron. 

/.  SpeciHc  Knozvledge  of  the  Actual  Phenomena  of  Coking. 
There  has  been  a  great  deal  of  technical  data  published  during  recent 
years  relative  to  the  behavior  of  coals  under  heat.  A  serious  effort 
has  been  made  to  find  out  why  one  coal  will  coke  while  another  will 
not.  The  results  of  these  investigations  to  my  mind  prove  conclu- 
sively that  the  coking  quality  of  the  coal  depends  on  the  amount 
and  character  of  certain  of  the  heavier  tarry  compounds,  particularly 
those  of  a  resinous  character.  This  would  indicate  at  first  glance 
that  a  coal  containing  the  largest  percentage  of  tar  would  be  the 
best  coking  coal.  With  our  present  knowledge  of  coking,  however, 
we  know  that  this  is  not  the  case.  It  might  indicate  that  the  heat 
condition  under  which  the  coal  is  coked  is  the  most  important  thing 
in  the  entire  phenomena  of  coking,  and  it  may  be  that  with  certain 
coals  we  will  have  to  work  with  higher  temperatures  than  those 
which  we  are  accustomed  to  at  present.  There  is  no  question  in  my 
mind  that  this  is  the  crux  of  the  whole  thing,  and  is  it  not  important 
enough  to  follow  along  big,  practical  lines  for  its  commercial  im- 
portance? Laboratory  investigations  are  futile.  Single  oven  tests 
do  not  mean  anything.  I  have  in  mind  a  detached  block  of  ovens 
equipped  with  recovery  apparatus  and  operated  as  an  experiment 
station.  The  coke,  gas,  and  by-products  could  be  utilized  commer- 
cially precisely  as  the  product  of  the  plant  proper.  The  advantage 
of  having  this  plant  as  an  adjunct  to  a  going  concern  is  that  it  would 
be  absolutely  uninfluenced  by  any  conditions  other  than  those  created 
by  the  actual  carbonization  of  the  coal  itself.  It  would  depend  for 
its  gas  on  the  main  plant,  and  wherever  there  is  a  large  available 
surplus,  this  would  positively  insure  a  constant  uniform  supply  of 
gas  to  the  ovens.  It  could  be  connected  to  an  auxiliary  power  plant 
where  the  danger  of  fluctuation  due  to  shut-downs  would  be  elim- 
inated. In  other  words,  it  could  operate  continuously  under  known 
established  conditions  which  would  be  constantly  identical.  The 
same  coal  would  be  used  with  every  possible  combination  of  con- 
ditions until  actual  authentic  data  were  established,  prescribing  with 
positive  exactness  the  conditions  under  which  that  coal  should  be 
coked  to  produce  the  most  desirable  results.  These  tests  could  be 
continued  indefinitely  with  very  little  cost  to  a  plant  already  in 
operation.  The  tests  would  not  be  indicative  but  a  standard  of  what 
a  plant  built  along  the  same  lines  would  produce. 

I  venture  to  say  that  in  the  course  of  a  few  years  information 
of  positive  and  incalculable  value  will  be  established.  The  most 
important  essential  in  the  whole  thing  is  patience  and  surely  the 
object  is  worth  the  price. 
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2.  Precise  and  Definite  Knowledge  in  the  Use  of  Coke  in  the 
Blast  Furnace.  With  reference  to  the  lack  of  precise  and  definite 
knowledge  in  the  use  of  coke  in  the  blast  furnace,  I  can  imagine 
the  effect  that  this  statement  will  produce  on  the  average  blast  fur- 
nace man,  and  am  very  glad  this  statement  is  being  made  to  a  some- 
what friendly  audience.  Nevertheless,  such  a  statement  must  be 
conceded  a  fact.  The  reason  is  very  clear.  Up  to  1907  or  1908, 
the  standard  fuel  for  the  entire  country  was  Connellsville  Beehive 
coke.  You  are  all  familiar  with  the  loaflike  structure  of  this  coke, 
and  its  size  was  considered  one  of  its  strongest  virtues.  The  blast 
furnace  man  did  not  have  to  bother  about  his  fuel,  and  his  re- 
searches did  not  go  beyond  what  the  local  condition  from  day  to 
day  necessitated.  As  recently  as  1907  and  1908  it  was  considered 
impossible  to  operate  with  by-product  coke  and  get  the  same  results 
as  with  Connellsville  coke.  I  think  the  principal  objection  was  on 
account  of  its  color  and  size.  When  we  started  the  Joliet  coke 
plant  in  1907  we  were  visited  by  coke  and  blast  furnace  experts  and 
they  were  all  unanimous  in  stating  that  the  coke  was  much  too  small. 
We  broke  it  up  into  too  small  pieces  and  the  results  obtained  from 
the  use  of  that  coke  at  Joliet,  South  Chicago  and  Gary  have  dem- 
onstrated how  much  they  were  mistaken. 

The  spherical  diameter  of  the  entire  coke  production  at  Joliet 
would  not  average  4  in.  About  40%  of  the  coke  w'xW  stay  on  a  2j^'2 
in.  screen ;  40%  to  44%  will  go  through  a  2^/2  in.  screen  staying  on 
a  V/^,  in.  screen  and  the  balance  will  go  through  the  Ij^  in.  screen. 
The  results  obtained  at  Joliet  encouraged  the  management  of  a  cer- 
tain blast  furnace  plant  to  experiment  with  crushed  coke.  Every 
pound  of  coke  used  at  their  blast  furnace  goes  through  a  3J/2  in. 
roll  crusher,  producing  the  following  sizes,  which  are  the  averages 
for  1912: 

On  2  in.  screen,  75%. 
On  \y2  in.  screen,  17%. 
On  1  in.  screen,  6%. 
On  y^  in.  screen,  1%. 
Through  %  in.  screen,  1%. 

The  coke  is  jjroduced  from  a  mixture  of  70%  high  volatile 
coal  and  30%  Pocahontas,  making  an  average  volatile  matter  in 
the  mixture  of  29%  to  30%.  With  this  mixture  and  this  size  coke, 
a  decided  improvement  was  obtained  in  the  furnace  and  they  now 
have  a  coke  consumption  of  about  2300  lb.  on  a  53%  yield,  using 
a  large  percentage  of  briqucttd  ore.  Other  furnaces  are  contem- 
plating the  same  step. 

It  will  he  only  a  question  of  time  until  this  problem  of  size 
is  solved  satisfactorily,  but  would  it  not  be  better  if  every  blast 
furnace  man  in  the  country  would  turn  his  attention  to  this  prob- 
lem and  thereby  hasten  its  solution^  The  economic  advantages  to 
he  gained  from  such  a  solution  are  tremendous,  and  would  cer- 
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tainly  mean,  in  many  instances,  the  installation  of  by-product  coke 
oven  plants,  cheaper  coke,  and  cheaper  pig  iron. 

Referring  again  to  the  coke-oven  operation,  I  cannot  but  take 
time  to  express  a  desire  that  less  time  and  money  be  spent  on  the 
technical  side  of  the  industry  and  a  little  more  on  the  commercial 
side.  By  all  means,  strive  to  obtain  the  greatest  possible  recovery 
of  by-products,  but  do  not  overlook  the  fact  that  the  revenues  to 
be  gained  from  this  source  in  the  future  are  now  slight  compared 
to  the  returns  that  could  be  obtained  in  finding  out  the  character 
of  certain  coals  and  the  method  of  successfully  coking  these  coals 
that  we  are  at  present  rejecting.  This  is  a  problem  absolutely  up 
to  the  coke-oven  operators.  The  fact  that  with  the  enormous  pro- 
duction of  coke  and  the  widely  scattered  localities  of  the  blast  fur- 
nace, our  lack  of  knowledge  on  this  great  economic  question  prac- 
tically restricts  us  to  the  use  of  a  mixture  of  two  certain  coals,  is 
deplored. 

Summed  up,  the  by-product  coke  oven  is  so  close  in  its  rela- 
tionship to  the  blast  furnace  that  it  is  difficult  to  determine  where 
the  relationship  begins  and  ends.  It  is  without  doubt  an  auxiliary 
to  the  blast  furnace  and  should  be  operated  for  the  particular  blast 
furnace  where  its  product  is  to  be  consumed.  There  is  no  ques- 
tion as  to  the  quality  of  the  fuel  produced  in  by-product  ovens,  and 
the  fuel  is  today  accepted  everywhere.  In  Germany  there  is  not  a 
pound  of  fuel  used  that  is  not  manufactured  in  by-product  coke 
ovens.  England  is  rapidly  getting  into  the  same  position.  Japan 
has  two  by-product  coke  plants  in  operation  and  several  others  under 
contemplation.  The  same  can  be  said  of  China.  It  is  possible  that 
in  the  near  future  we  will  be  in  the  position  of  shipping  pig  iron 
manufactured  from  coke  made  in  American  by-product  coke  ovens 
to  the  Pacific  Coast. 

Another  important  point  should  be  mentioned  before  closing 
this  particular  subject.  The  Panama  Canal  will  throw  open  to  us 
the  Pacific  markets  and  a  great  export  trade.  There  is  magnifi- 
cent ore  in  Texas  of  the  finest  possible  quality  and  in  unlimited 
quantity.  There  is  also  excellent  coal  in  the  South,  but,  as  is  true 
of  the  coal  in  the  North,  certain  grades  are  considered  better  for 
coking  purposes  than  others.  In  other  words,  wherever  pig  iron 
is  manufactured,  there  will  be,  eventually,  by-product  coke  ovens, 
and  its  development  is  restricted  only  by  the  extent  of  the  manu- 
facture of  pig  iron. 

THE  BY-PRODUCT  COKE  OVEN  IN  THE  MANUFACTURE 

OF  GAS: 

It  has  been  stated  that  the  by-product  coke  oven  is  not  so  well 
adapted  to  the  manufacture  of  illuminating  gas  as  so-called  gas 
retorts.  This  is  not  a  fact.  Continental  practice  has  demonstrated 
without  any  question  that  as  regards  volume  and  character  of  prod- 
uct, the  by-product  coke  oven  is  just  as  well  adapted  to  the  manu- 
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facture  of  illuminating  gas  as  any  gas  retort,  whether  it  be  ver- 
tical, inclined  or  through  horizontals.  The  unfortunate  part  of  it 
is  that  we  are  up  against  the  same  proposition  as  the  gas  maker 
would  be  if  he  had  no  water  gas  plant.  It  is  impossible  to  evolve 
a  gas  from  a  coal  that  will  meet  with  the  present  universal  munici- 
pal requirements  in  practically  every  state  of  the  Union.  I  refer 
to  the  candle  power,  which  is  antiquated  and  altogether  unnecessary. 

The  modern  incandescent  mantle  depends  for  its  illumination 
upon  temperature  only,  and  if  the  gas  contains  the  necessary  heat 
value  to  give  the  maximum  luminosity  on  combustion,  the  candle 
power  has  no  bearing  whatever  on  its  value.  Mantles  are  becoming 
cheaper  and  their  universal  use  is  surely  in  sight.  It  is  true  that 
the  constituents  of  coal  gas,  that  is  to  say,  those  vapors  on  which 
the  gas  mainly  depends  for  its  illuminating  value,  have  a  large 
thermal  value,  but  such  constituents  are  only  a  small  percentage 
of  the  entire  gas  volume — not  more  than  3%  or  4% — and  they  can 
be  recovered  from  the  gas  as  a  marketable  product  without  reduc- 
ing the  heat  value  of  the  gas  more  than  5%.  I  refer  to  the  extrac- 
tion of  benzol.  When  a  gas  is  debenzolized,  it  is  absolutely  free 
from  naphthalene,  a  tremendous  advantage  in  its  distribution  and 
transmission,  and  is  adequate  in  every  sense  for  the  purpose  of 
illumination  in  conjunction  with  mantles. 

In  regard  to  the  use  of  gas  for  domestic  and  commercial  pur- 
poses, it  is  needless  to  dwell  on  that  phase  of  the  question.  Candle 
power  is  not  a  factor.  It  is  plain,  therefore,  that  gas  should  be  sold 
in  the  United  States  on  a  heat  basis,  the  same  as  in  all  other 
civilized  countries.  Gas  thai  contains  from  550  to  600  B.  t.  u.'s 
is  adequate  for  any  purpose  for  which  it  can  be  used.  Wisconsin 
has  the  following  municipal  requirements  throughout  the  State : 

No  candle  power ;  tlie  gas  must  have  a  total  heating  value  of 
600  B.  t.  u.  per  cu.  ft.  when  referred  to  30  in.  pressure  and  60  deg.  F. 
The  minimum  shall  never  fall  below  550  B.  t.  u.  The  sooner  every 
other  state  in  the  Union  follows  this  precedent,  the  better  it  will  be 
for  the  gas  industry  and  all  parties  concerned.  The  consumer  has 
some  rights  in  this  matter,  and  if  a  gas  can  be  produced  cheaper  by 
the  elimination  of  unnecessary  and  foolish  restrictions,  it  is  only 
right  and  proper  that  the  conditions  should  be  met.  In  eliminating 
the  candle  power  bogie,  the  adaptability  of  coke  ovens  will  become 
so  apparent  that  their  use  will  be  universal. 

With  the  ever-increasing  price  of  crude  oil  and  the  ever-in- 
creasing demand  for  a  lower-priced  gas,  there  can  be  but  one 
answer, — a  cheaper  form  of  production. 

One  of  the  latest  questions  to  he  raised  against  the  use  of  by- 
product coke  ovens  bv  commercially-interested  parties,  is  that  the 
manufacture  of  illuminating  gas  from  by-product  coke  ovens  will 
in  a  comparatively  few  years  scriouslv  affect  the  by-product  market 
and  the  coke  market.  Nothing  could  be  more  incorrect.  The  sub- 
stitution of  by-product  coke  ovens   for  gas  retorts  would  increase 
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the  ammonia  yield  to  some  extent,  and  decrease  the  tar  produc- 
tion. In  other  words,  the  effect  on  the  yield  of  by-products  would 
not  be  sufficiently  great  to  interfere  with  the  steadily  increasing 
demand  for  these  products,  and  would  not  affect  their  price  one 
iota. 

With  regard  to  the  effect  on  the  coke  market,  there  is  at  present 
about  200,000,000,000  cu.  ft.  of  illuminating  gas  manufactured  in 
the  United  States  per  annum,  at  least  that  amount  of  gas  is  sold 
for  illuminating  or  other  domestic  purposes ;  it  makes  no  difference 
what  it  is  used  for;  that  is  the  amount  of  gas  that  is  being  manu- 
factured. Now,  if  every  cubic  foot  of  this  gas  was  manufactured 
in  by-product  coke  ovens  on  coals  averaging  10,000  cu.  ft.  of  gas 
per  ton  (provided  the  ovens  were  operated  on  producer  gas,  pre- 
viously cleaned,  and  from  which  the  ammonia  had  been  recovered 
and  this  gas  regenerated),  the  amount  of  coke  thrown  on  the  mar- 
ket from  such  a  production  would  not  amount  to  .50%  of  the  coke 
consumed  in  the  production  of  pig  iron  alone.  Not  only  this,  but 
the  greatest  field  for  the  use  of  coke  has  not  yet  been  touched. 

I  think  we  can,  therefore,  dismiss  any  statement  that  depre- 
cates the  adaptability  of  the  by-product  coke  oven  to  the  manufac- 
ture of  illuminating  gas  or,  as  a  matter  of  fact,  to  the  production 
of  gas  used  for  any  purpose  whatsover. 

RECOVERY  OF  BENZOL. 

Before  leaving  this  subject,  I  will  refer  again  to  the  recovery 
of  benzol.  This  is  an  enormous  industry  in  Europe.  There  is  not 
a  motor  car  in  Paris  or  Berlin  that  does  not  use  benzol  for  power. 
Today  practically  the  entire  amount  of  it  recovered  in  the 
United  States  is  used  for  enriching  illuminating  gas.  Remove  the 
candle  power  factor  and  this  benzol  will  be  thrown  upon  the  mar- 
ket. We  all  know  that  the  price  of  gasoline  is  increasing,  and 
every  man  who  runs  an  automobile  or  an  auto-truck  will  welcome 
any  fuel  that  is  equally  as  satisfactory,  at  a  slightly  reduced  price. 
There  is  a  demand  for  such  a  commodity  and  we  have  no  supply. 
Benzol  is  10%  to  15%  higher  in  efficiency  than  gasoline,  and,  con- 
trary to  popular  opinion,  it  can  be  burned  in  any  carburettor  that 
will  consume  gasoline. 

The  average  coking  coal  yields  from  1^  to  2  gallons  of  benzol 
per  ton  of  coal  carbonized.  Placing  a  value  of  10c  per  gallon  on 
this,  it  is  unnecessary  to  go  further  into  the  advantages  to  be  gained 
from  the  recovery  of  this  product. 

RELATION  OF  BY-PRODUCT  COKE  OVEN  TO  THE  COAL 

INDUSTRY. 

The  coal  production  in  the  United  States  for  1912  amounted 
to  500,000,000  tons.  Its  estimated  value  was  approximately  $700,- 
000,000,  the  record  so  far  for  any  single  year,  and  it  was;  about 
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one-half  the  world's  production.     The  growth  of  the  industry  is 
shown  below : 

In  1850  11  states  produced       7,018,181  short  tons. 

"  1860  15  "  "  14,610,042 

"  1870  21  "  "  33,035,580 

"  1880  25  "  "  71,481,570 

"  1890  28  "  "  157,770,963 

"  1900  28  "  "  269,684,027 

"  1910  27  "  "  492,647,863 

"  1912  28  "  "  511,964,403 

The  output  has  doubled  every  ten  years.  The  production  of 
coke  in  1912  amounted  to  43,000,000  tons  only  and  was,  as  shown, 
practically  all  consumed  for  metallurgical  purposes. 

In  a  comparatively  few  years  the  combustion  of  soft  coal  will 
not  be  permitted  in  the  big  centers.  How  would  such  an  ordinance 
affect  New  York  and  Chicago  as  an  example? 

No  definite  statistics  are  available  for  New  York,  but  it  is  con- 
servatively estimated  that  the  amount  handled  is  32,000,000  tons 
per  year.  Because  of  the  smoke  restrictions  in  effect,  the  consump- 
tion of  soft  coal  is  less  than  5,000.000  tons  per  year.  It  is  estimated 
that  over  12,000,000  tons  of  anthracite  are  consumed  in  New  York 
proper. 

Chicago  handles  over  21,000,000  tons  of  coal  per  year,  princi- 
pally soft  coal. 

The  State  of  Illinois  produced  over  50,000,000  tons  df  coal 
in  1912. 

The  railroads  consume,  within  the  city  limits,  over  5,000,000 
tons  of  coal  per  year. 

These  conditions  apply  to  other  big  centers  in  proper  ratio. 

It  is  easy  to  imagine  the  replacement  of  soft  coal  in  these 
centers,  and  they  would  support  several  plants  the  size  of  that  at 
Gary  in  any  one  locality.  When  consumers  learn  that  coke  is  not 
only  the  cleanest  possible  kind  of  fuel  but  the  cheapest,  its  use  will 
be   universal. 

Furthermore,  all  students  of  economy  are  unanimous  in  stating 
that  the  use  of  coal  in  crude  form  for  any  purpose  whatsoever  is  an 
economic  crime.  There  is  no  purpose  for  which  coal  is  used  today 
but  what  the  same  amount  of  work  can  be  performed  with  the  same 
cost  or  less  with  coke.  Political  economy  teaches  that  there  is  no 
source  of  real  wealth  otlier  than  land  and  labor  and  one  of  the  most 
priceless  possessions  we  have  is  our  coal  supply.  If  vou  consider 
an  average  value  of  50c  for  the  by-product  that  can  te  recovered 
from  a  ton  of  the  average  coal,  there  is  $250,000,000  in  pure  wealth 
destroyed  annually  at  our  present  rate  of  consumption. 

To  sum  up.  there  is  no  doubt  that  natural  development  will  take 
care  of  the  present  reckless  extravagance  in  the  use  of  our  raw 
material.     It  is  also  perfectly  obvious  that  this  will  have  to  be  fol-j 
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lowed  along  sane  and  reasonable  lines,  but  without  any  unnecessary 
lapse  of  time.  Statistics  have  shown  that  75%  of  the  total  coke 
produced  is  made  in  ovens  of  the  non-recovery  type.  These  plants 
represent  a  vast  amount  of  capital,  and  the  present  locations  of  the 
blast  furnaces  are  such  that  it  is  questionable,  even  when  taking 
into  consideration  the  tremendous  saving  to  be  obtained  from  the 
modern  process  of  coking,  whether  such  plants  could  be  commercially 
profitable  in  certain  localities. 

About  40%  of  the  total  freight  revenues  of  the  railroads  is  de- 
rived from  the  transportation  of  coal  and  coke.  This  freight  tariff 
plays  an  important  part  in  the  location  of  a  by-product  coke  plant. 
In  other  words,  every  locality  has  its  average  price  for  coke  and  this 
price  will  vary  as  the  distance  from  the  source  of  supply.  It  is, 
therefore,  obvious  that  if  no  coals  are  available  other  than  those 
at  present  supplied  for  use  in  the  production  of  coke,  the  situation 
becomes  one  of  purely  commercial  reasoning,  whether  the  amount 
of  money  saved  in  the  price  of  coke  per  ton  would  pay  for  the 
investment  required.  But  suppose  there  are  coal  fields  available  v/ith 
a  considerably  reduced  freight  rate :  the  question  then  is  not  one  of 
returns  on  the  investment,  but  on  how  fast  the  plant  can  be  built, 
because  the  coke  could  be  produced  at  a  price  that  would  absolutely 
exclude  any  product  that  had  a  less  favorable  freight  rate. 

The  smallest  unit  of  by-product  coke  oven  that  can  be  con 
structed  with  any  degree  of  commercial  success  will  cost,  roughly, 
$1,000,000,  hence  it  is  obvious  that  the  proposition  must  be  studied 
very  carefully  from  all  angles  and  reduced  to  its  final  terms ;  its 
installation  will  depend  entirely  on  its  location. 

With  reference  to  the  relationship  of  the  market  for  by-products 
to  the  coke  industry,  I  am  informed  that  a  market  is  absolutely 
assured  as  long  as  the  industry  develops  in  a  sane  and  reasonable 
way.  I  have  been  furnished  with  data  and  pictures  from  the  Amer- 
ican Coal  Products  Company  which  will  illustrate  the  enormous 
advantage  to  be  gained  by  the  farmers  from  the  use  of  ammonium 
sulphate,  and  I  desire  to  express  my  thanks  to  that  company  for 
their  courtesy  and  interest  in  this  matter. 

You  are  referred  to  a  paper  which  was  read  by  ]\Tr.  W.  N. 
Mcllravy  before  the  American  Gas  Institute  in  1911.  It  describes 
the  status  of  the  by-product  industry  to  date. 

I  feel  sure  that  we  can  depend  upon  natural  conditions,  natural 
growth,  and  natural  conservatism  to  create  the  demand  for  by- 
product coke  ovens.  In  order  to  place  the  industry  in  its  proper 
position,  it  is  necessary  to  educate  those  who  are  not  familiar  with 
the  subject;  to  give  them  plain,  simple  facts.  Unfortunately  the 
business  in  the  past  has  been  shrouded  in  mystery  and  a  mass  of 
technicalities.  It  is  not  a  simple  art.  It  is  a  fact  that  intelligent 
skilled  labor  and  well-trained  minds  are  required  to  properly  and 
successfully  carry  out  the  policy  of  a  coke  plant  and  develop  it  to 
its  utmost  capacity.     But  the  bulk  of  the  actual  work  is  performed 
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by  common  labor  and  there  is  nothing  about  it  that  is  in  any  way 
more  complicated  than  the  operation  of  a  modern  blast  furnace  or 
an  open  hearth  steel  plant.  The  success  of  the  plant,  of  course,  de- 
pends on  experience.  The  plant  policies  must  be  carried  out  by  men 
trained  for  the  purpose,  and  it  takes  a  long  time  to  acquire  the 
necessary  experience  to  formulate  and  to  carry  out  these  policies, 
but  we  have  enough  material  in  the  country  to  draw  from.  Our 
universities  are  sending  out  such  men,  and  after  a  certain  amount 
of  training  at  a  small  expenditure  of  capital,  they  develop  into  suit- 
able material  for  whatever  needs  may  arise.  The  field  of  by-product 
coke  manufacture  is  one  of  the  most  promising  industries,  and  I 
would  like  to  urge  upon  those  directly  or  indirectly  interested,  to 
encourage  men  of  the  right  kind  to  enter  that  field. 

OPERATION  OF  A  MODERN  COKE  PLANT. 

Following  is  a  description  of  the  operation  of  one  of  the  most 
modern  coke  plants  in  the  world.  This  plant  carbonizes  about 
10,000  tons  of  coal  per  day.  The  entire  amount  of  coke  produced 
is  used  in  the  manufacture  of  pig  iron.  The  surplus  gas  produced 
is  consumed  in  the  different  parts  of  the  adjacent  steel  mill. 

The  coal  mixture  used  at  this  plant  is  80%  Pocahontas  and 
20%  high  volatile  from  the  Pittsburg  district.  The  coal  is  brought 
by  rail  into  the  plant  and  unloaded  into  receiving  track  hoppers. 
From  there  it  is  conveyed  by  belt  conveyors  to  the  coal  crushing 
building.  Here  the  coal  is  first  passed  through  Bradford  breakers, 
where  the  impurities  sufh  as  slate  or  pieces  of  wood,  draw-bars  or 
coupling  pins,  in  fact  refuse  of  any  character,  are  ejected  from 
the  breakers ;  the  good  coal  is  broken  and  passed  through  the  open- 
ings in  the  screens. 

A  Bradford  breaker  is  simply  a  cylindrical  screen  with  holes  of 
suitable  diameter,  usually  about  1 V^  in.  to  2  in.  It  is  equipped  with 
shelves  which  carry  the  coal  in  the  direction  of  the  travel  of  the 
machine.  When  it  reaches  the  top  it  drops  on  a  plate.  Naturally 
anything  soft  enough  to  break  into  a  size  sufficiently  small  will  ixiss 
through  the  openings  so  that  the  slate  is  not  entirely  ejected.  It  is 
a  very  efficient  method  of  separating  foreign  matter  from  the  coal. 

After  the  coal  has  passed  the  Bradford  breakers,  it  is  conveyed 
to  the  pulverizers.  Before  entering  the  pulverizers  it  passes  over 
a  suitable  apparatus  designated  as  a  magnetic  separator,  where  the 
smaller  pieces  of  iron  are  removed.  This  apparatus  consists  usually 
of  a  magnetized  pulley  over  which  the  conveyor  belt  travels,  or  a 
magnetized  plate  over  which  the  coal  is  allowed  to  slide.  The  plate 
being  centrally  pivoted  it  can  be  swung  out  at  stated  intervals  and 
the  scrap  iron  recovered. 

There  are  several  kinds  of  pulverizing  machines.  They  are 
all  operated  on  the  same  principle.  One  of  the  most  efficient  i.s 
the  so-called  Hammer  Mill,  which  consists  of  a  series  of  hammers 
supported  by  suspension  bars.    The  shaft  operating  these  hammers 
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is  directly  connected  to  a  suitable  sized  motor  and  travels  at  the 
rate  of  500  to  600  r.  p.  m.,  a  very  rapid  rate.  The  coal  is  fed 
in  comparatively  thin  layers  over  an  adjustable  screen  with  per- 
forations of  the  desired  degree  of  fineness.  The  impact  of  the 
hammers  on  this  layer  of  coal  pulverizes  and  forces  the  coal  through 
the  screen.  The  plant  described  crushes  the  coal  to  a  fineness  of 
about  85%  through  a  j/g  in.  mesh.  Coals  have  varying  degrees  of 
hardness  and  it  is  necessary  to  make  separate  adjustments  for  each 
kind  of  coal.  Therefore  the  apparatus  necessary  for  the  prepara- 
tion of  coal  is  divided  to  avoid  continuous  adjustments. 

After  the  coal  has  been  pulverized  it  is  conveyed  to  a  mixing 
bin.  This  bin  is  a  double  compartment  from  where  the  coal  is  fed 
onto  separate  conveying  belts  and  conveyed  to  a  point  immediately 
over  the  mixers,  where  the  coal  is  mixed  in  the  different  proportions 
desired.  Since  both  of  the  conveyor  belts  to  the  mixing  machine 
are  traveling  at  the  same  rate  of  speed,  having  the  same  carrying 
capacity  per  unit  of  time,  it  is  simply  a  question  of  adjusting  the 
depth  of  feed  on  the  belt  in  order  to  arrive  at  a  reasonable  degree 
of  accuracy  in  the  ultimate  mixture. 

From  the  mixing  bi«  the  coal  is  conveyed  to  the  storage  bins 
at  the  battery.  The  storage  bins  are  usually  so  constructed  that  they 
have  a  24-hour  supply  for  the  entire  plant.  It  is  customary  to  do 
all  the  crushing  by  day  so  that  proper  inspection  and  repairs  may  be 
made  on  the  coal-handling  equipment  by  night.  As  a  modern  coke 
plant  operates  continuously  24  hours  per  day,  this  question  of  coal 
supply  is  a  very  important  one. 

From  the  coal  storage  bins  at  the  ovens  the  coal  is  charged 
into  larry  cars,  which  operate  on  tracks  extending  the  entire  length 
of  the  battery.  It  is  unnecessary  to  say  that  they  are  operated  elec- 
trically, as  every  part  of  the  apparatus  of  the  plant  is  so  operated 
wherever  possible. 

The  coal  is  discharged  from  the  larry  cars  into  the  ovens,  where 
it  is  leveled  to  permit  of  a  free  path  of  travel  for  the  gas  evolved 
during  the  process  of  coking.  From  the  time  the  oven  is  sealed, 
the  charge  remains  undisturbed  until  it  is  ready  to  push  out. 

The  process  of  coking  consists  merely  in  driving  off  the  volatile 
matter  in  the  coal  by  means  of  heat  radiation  from  the  heated  oven 
walls.  It  is  purely  a  process  of  distillation.  Therefore,  coke  is  the 
solid  residuum  and  consists  of  approximately  90%  carbon,  the 
balance  being  the  ash  with  such  impurities  as  sulphur  and  phos- 
phorus. The  amount  of  ash  and  other  impurities  in  the  coke  de- 
pends entirely  on  the  amount  in  the  coal  used,  as  these  substances 
remain  in  the  residue  from  distillation.  It  is  scarcely  possible  to 
eliminate  all  of  the  volatile  matter,  and  usually  1%  to  1>^%  re- 
mains, which  is  in  the  form  of  heavy  tarry  compounds  of  a  fatty 
character,  not  easily  driven  off.  When  the  volatile  matter  has  been 
practically  eliminated,  which  is  usually  accomplished  in  from  16  to  18 
hours,  the  oven  is  ready  to  push.     The  doors  are  removed  and  an 
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electrically  operated  pusher  machine  takes  its  place  in  front  of  the 
oven;  the  ram  is  carefully  set  in  position  against  the  face  of  the 
coke  mass  and  propelled  through  the  oven.  The  coke  is  discharged 
through  the  other  end  of  the  oven  into  a  receiving  car,  which  con- 
veys the  coke  to  the  quenching  station,  where  the  coke  is  quenched 
by  means  of  water.  The  coke  is  then  screened ;  the  object  of  screen- 
ing being  to  free  the  coke  from  the  fine  dust  or  breeze,  usually  about 
3%.  Everything  that  goes  over  ^  in.  is  considered  suitable  for  the 
blast  furnaces.  There  is  also  an  appreciable  increase  in  yield  of 
combustible  matter  due  to  the  breaking  up  of  the  tar  vapors  in  the 
passage  of  the  combustible  matter  through  the  heated  mass  of  coke. 
But  practically  speaking,  the  fuel  value  of  the  coke  is  in  direct 
proportion  to  the  fuel  value  of  the  coal  entering  into  its  production. 

We  will  now  follow  the  gas  as  it  is  evolved  from  the  coal.  As 
previously  stated,  the  coal  is  leveled  to  allow  the  gas  a  free  path 
to  the  offtake  pipe,  which  is  situated  at  the  end  of  the  oven.  The 
gas  ascends  this  offtake  pipe  into  a  so-called  collecting  main  and 
from  there  travels  by  means  of  mains  to  the  condensing  house.  The 
gases  leaving  the  oven  chamber  are  about  1000  deg.  F.,  and  this 
temperature  is  gradually  reduced  to  about  200  deg.  The  reduction 
in  temperature  precipitates  the  bulk  of  the  condensate  from  the  gases. 
This  condensate  consists  of  tar,  oils,  and  the  moisture  originally 
in  the  coal  and  the  amount  formed  during  the  process  of  coking, 
and  drains  into  settling  pans  or  tanks,  where,  owing  to  the  difference 
in  specific  gravities,  the  separation  is  easily  carried  out.  The  water 
is  slightly  impregnated  with  ammonia  and  is  usually  known  as 
weak  liquor  to  differentiate  it  from  the  strong  ammonia  liquor 
which  is  produced  in  another  phase  of  the  operation.  The  tar, 
after  undergoing  a  period  of  deoantation.  is  shipped  in  tank  cars. 

We  will  now  follow  the  gas  which  passes  through  the  by-prod- 
uct recovery  house.  Fig.  1  illustrates  the  various  steps  described 
below.  The  gas  still  contains  traces  of  tar  and  water  vapor,  and  in 
order  to  remove  these  elements  the  gas  is  passed  through  the  pri- 
mary coolers.  The  coolers  are  rectangular  in  shape  and  consist  of  a 
series  of  standard  steel  boiler  tubes  through  which  water  is  con- 
stantly flowing  and  around  which  the  gas  traverses.  The  whole  opera- 
tion is  on  the  counter-current  principle.  The  gas  then  enters  the 
exhausters.  These  can  be  of  either  the  positive  displacement  type 
electrically-operated  or  the  modern  turbo  type.  Up  to  this  point  the 
gas  has  been  mider  suction,  the  amount  of  suction  depending  on 
the  distance  the  gas  is  drawn  from  the  ovens.  The  controlling  fac- 
tor in  the  operation  of  the  exhauster  is  the  pressure  desired  at  the 
ovens.  Tt  is  usually  considered  good  practice  to  operate  as  nearly 
as  possible  to  zero  within  the  oven  chamber,  or  at  any  rate  not 
more  than  lA  mm.  to  1  mm.  back  pressure. 

From  the  exhausters  the  gas  under  pressure  is  forced  through 
tar  extractors  to  remove  the  final  traces  of  tar.  The  tar  extractor 
is  a  very  ingenious  piece  of  apparatus,  consisting  of  a  so-called 
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basket  made  up  of  sections  of  thin  plates  perforated  and  set  up  in 
such  a  way  that  the  perforations  are  staggered.  After  the  gas  has 
been  forced  through  the  perforations  it  is  usually  quite  free  from 
tar.  The  principle  is  very  simple.  As  the  gas  is  forced  through  a 
perforation  it  impinges  on  the  solid  section  of  the  plate  ahead  so 
that  any  liquid  globules  are  arrested,  broken  up,  and  trickle  down 
the  surface  of  the  plate.  The  gas  after  passing  through  the  basket 
is  forced  through  the  reheater,  which  is  similar  in  design  and 
principle  to  the  coolers,  but  instead  of  water  passing  through  the 
tubes,  live  steam  is  used.  The  gas,  after  being  reheated  to  a  tem- 
perature of  50  deg.  C,  passes  into  the  saturators,  containing  a  sat- 
urated solution  of  ammonium  sulphate  and  about  5%  of  sulphuric 
acid.  The  reaction  and  precipitation  is  almost  instantaneous.  The 
salt  is  ejected  and  allowed  to  drain;  then  it  is  centrifuged  and  con- 
veyed into  the  storage  house  where  it  is  ready  for  shipment — 
usually  in  sacks  of  200  lb.  bulk.  The  sulphate  received  from  this 
process  is  perfectly  white  and  contains  at  least  25%  of  ammonia 
and  only  0.1%  to  0.2%  of  sulphuric  acid.  The  weak  liquor  pre- 
viously mentioned  is  distilled  and  the  ammonia  vapor  is  directed  to 
the  header  in  front  of  the  saturators  where  it  mingles  with  the  gas. 
In  this  way  the  entire  recovery  is  complete. 

This  process  has  many  advantages,  among  which  are: 

1.  Extreme  simplicity. 

2.  Small  amount  of  space  required. 

3.  Ammonia  washers  unnecessary. 

4.  Less  pumping  capacity  required. 

5.  Less  steam  consumption. 

6.  A  higher  degree  of  ammonia  recovery. 

7.  Can  be  installed  in  any  climate  because  independent  of  tem- 
peratures of  water  supply. 

We  have  now  covered  the  coke,  tar  and  ammonia.  It  remains 
to  briefly  mention  the  gas. 

By-product  coke  oven  gas  has  an  average  heating  value  of  from 
450  to  600  B.  t.  u.  per  cu.  ft.  This  is  a  wide  latitude,  but  the  char- 
acter of  coals  we  have  to  deal  with  and  the  different  purposes  for 
which  the  gas  is  used,  allows  the  production  of  gas  within  the 
range  of  these  figures.  The  average  coking  coal  will  produce  about 
10,000  to  11,000  cu.  ft.  of  gas  per  ton  of  coal.  About  50%  of  this 
is  required  for  combustion  at  the  ovens  to  carry  out  the  coking 
process.  The  balance  is  considered  surplus  gas,  and  can  be  used 
either  for  illuminating  purposes  or  for  replacing  other  forms  of  fuel. 
One  of  its  principal  uses  in  steel  mills  is  the  replacement  of  coal 
under  boilers  for  the  generation  of  steam  power.  In  Germany  it  is 
used  extensively  in  open-hearth  furnaces  and  this  practice  is  in 
evidence  in  this  country  to  a  small  extent.  In  Germany  it  is  con- 
sidered the  best  kind  of  fuel  for  open-hearth  furnaces,  on  account 
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of  the  higher  temperatures  obtainable,  better  economy  both  in  the 
use  of  heat  and  in  the  construction  of  the  furnace,  increased  ton- 
nage, and  lower  operating  costs  as  compared  with  producer  gas. 
The  gas  was  first  used  in  the  same  manner  as  producer  gas,  being 
regenerated  before  reaching  the  combustion  chamber.  This  was 
found  unsatisfactory  and  is  unnecessary  as  its  high  heating  value 
enables  sufficiently  high  temperatures  to  be  maintained  without  re- 
generation. It  was  proved  that  the  gas  lost  approximately  9%  of 
its  heating  value  by  preheating.  This  would  depend  to  a  very 
great  extent  on  the  character  of  the  gas  regenerated. 

However,  the  gas  is  now  used  cold  and  only  the  air  is  re- 
generated, which  allows  smaller  regenerating  capacity  and  cheapens 
furnace  construction.  On  account  of  the  high  heating  value  of 
coke-oven  gas,  a  temperature  may  be  maintained  considerably  higher 
than  with  producer  gas,  allowing  a  greater  tonnage  for  the  furnace. 
The  output  in  some  cases  has  been  known  to  increase  from  15% 
to  20%. 

Some  of  the  objections  to  the  use  of  by-product  coke  oven 
gas  in  open-hearth  furnaces  are  that  it  shortens  the  life  of  the 
furnace;  and  that  the  gas  has  a  tendency  to  rise  and  burn  along 
the  roof  of  the  furnace  instead  of  immediately  over  the  metallic 
bath.  These  difficulties  are  merely  mechanical  and  obviously  can  be 
overcome.  We  have  information  where  the  roof  of  a  furnace  has 
actually  stood  more  heat  than  with  producer  gas,  while  the  life  of 
the  checkers  was  greatly  increased.  The  efficiency  in  the  use  of 
producer  gas  will  increase  as  the  workmen  become  better  acquainted 
with  its  different  characteristics.  Its  value  as  a  fuel  will  depend 
on  the  locality  and  the  nature  of  the  fuel  it  is  replacing.  Its  mini- 
mum value  is  when  it  replaces  coal  under  boilers ;  its  value  increases 
when  used  to  replace  crude  oil ;  and  its  maximum  value  is  when 
used  for  illuminating  purposes.  In  other  words,  the  value  of  the 
gas  is  strictly  one  of  utility  and  will  vary  under  varying  conditions. 

The  average  coking  coal  will  yield  from  5  to  7  pounds  of  am- 
monia and  from  6  to  10  gallons  of  tar.  It  is  the  recovery  of  these 
by-products  and  their  steadily  increasing  value  that  makes  the  by- 
product coke  oven  possible. 

KOPPERS'    CROSS    REGENERATIVE    BY-PRODUCT    COKE   OVENS. 

A  battery  of  Koppers'  ovens  consists  mainly  of  a  series  of  hol- 
low walls,  built  of  the  finest  silica  material — really  silica  beams  rest- 
ing on  foundations  extending  to  rock  or  some  equally  satisfactory 
bearing  material.  The  space  between  the  walls  is  divided  hori- 
zontally into  two  compartments,  the  upper  forming  the  coking 
chamber  and  the  lower  fhe  regenerators.  Figure  2  shows  the  rela- 
tive position  of  the  regenerators  to  the  oven  chamber  and  the  direct 
connection  of  the  regenerators  to  the  heating  flues. 

The  hollow  walls  forming  the  coking  chamber  are  constructed 
to  form  a  series  of  vertical  flues  opening  into  one  common  hori- 
zontal flue,  extending  the  entire  length  of  the  wall.     (See  G,  Fig. 
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3.)     It  is  in  these  flues  that  combustion  takes  place  and  the  heat 
transmitted  through  the  material  of  the  walls  into  the  coal  mass. 

The  coking  chamber  is  sealed  at  either  end  by  heavy  iron  and 
steel  doors,  either  of  the  self-sealing  type  or  of  the  plug  type,  rest- 
ing against  the  wall  jambs  and  sealed  with  luting  clay.  Each  door 
on  the  pusher  side  is  equipped  with  a  small  self-sealing  door  large 
enough  to  permit  a  traveling  bar  to  enter  for  the  purpose  of  level- 
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Fig.  2. — Showing  Cross  Section  of  Regenerators  and  Ovens. 


ing  the  surface  of  the  coal  charge  so  that  the  gases  evolved  during 
the  coking  process  may  have  a  free  and  uninterrupted  path  to  the 
oflftake  usually  located  at  the  end  of  the  oven,  and  through  which 
they  are  drawn  to  the  by-product  recovery  plant. 

The  coal  is  charged  from  larry  cars  through  openings  or  charg- 
ing holes  in  the  roof,  usually  four  in  number,  equipped  with  self- 
sealing  covers. 

Figures  3  and  4  show  a  longitudinal  section  of  the  oven  cham- 
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ber,  regenerators,  and  healing  flues,  as  well  as  the  position  of  the 
charging  holes  and  the  gas  offtakes. 

It  will  be  seen  from  the  above  that  the  process  of  coking  in  a 
by-product  oven  is  merely  one  of  distillation  carried  on  in  a  chamber 
from  which  air  is  excluded. 

COURSE  OF   COMBUSTION. 

A  line  drawn  vertically  through  the  center  of  a  longitudinal 
section  of  the  heating  flues  and  regenerators  (Fig.  3),  will  enable 
the  course  of  combustion  to  be  easily  followed.  Combustion  takes 
place  in  the  flues  on  one  side  of  this  line  and  proceeds  upward ;  the 
products  of  combustion  travel  across  the  horizontal  flue  G,  Fig.  3, 
and  downward  through  the  set  of  flues  on  the  other  side,  through 
the  regenerators  (Fig.  4)  and  to  the  stack.  The  process  is  auto- 
matically reversed  at  periodic  intervals  usually  of  30  minutes'  dura- 
tion. 

CHARACTER  OF  GAS  REQUIRED  FOR  HEATING. 

The  heat  required  to  coke  a  given  unit  of  coal  is  generally  less 
than  50%  of  the  total  thermal  value  of  the  gas  evolved  by  its  dis- 
tillation. It  is  customary  to  use  the  required  amount  of  oven  gas  for 
this  purpose  after  it  has  been  freed  from  the  by-products.  It  may 
be  that  this  gas  has  such  a  value  that  it  is  desirable  to  render  the 
entire  amount  of  coal  gas  available  for  sale,  in  which  case  com- 
bustion in  the  oven  flues  can  be  maintained  by  the  use  of  a  cheaper 
fuel,  such  as  the  gas  from  producers  operating  on  a  lower  grade  of 
coal;  or,  as  in  some  cases,  blast  furnace  gas  is  used. 

METHOD   OF   DISTRIBUTION    AND    REGULATION    OF    COMBUSTION. 

The  manner  in  which  combustion  takes  place,  its  distribution 
and  regulation,  can  be  seen  by  referring  to  Figs.  2,  3  and  4. 

Distribution: 

The  fuel  gas  is  delivered  to  the  battery  in  the  main  D  (Fig.  4), 
and  ascends  the  riser  pipe  H  into  the  gas  channel  E  (Fig.  3).  This 
channel  is  located  immediately  imder  the  vertical  flues  and  extends 
the  entire  length  of  the  ovens,  being  dead-ended  in  the  center.  It 
is  formed  by  a  series  of  bricks  of  special  shape,  making  an  absolutely 
air-tight  duct.  At  the  base  of  each  fiue  is  an  opening  in  which  the 
gas  nozzle  F  rests,  and  through  which  the  gas  flows  from  the  gas 
duct  into  the  flue  for  combustion. 

The  air  for  combusion  is  drawn  into  the  chamber  at  the  base 
of  the  regenerator,  ascends  through  the  checker  work,  and  is  raised 
to  a  temperature  probably  around  1800  deg.  F.  This  highly  heated 
air  then  passes  through  the  ports  C  (Fig.  2)  at  the  base  of  each  flue 
and  mixes  with  the  gas  at  a  point  about  level  with  the  floor  of  the 
oven. 

The  burning  gases  ascend  the  set  of  flues  on  one-half  the 
length  of  the  oven,  the  products  of  combustion  follow  the  path  of 
the  horizontal  flue  G  and  pass  downward  through  the  vertical  flues 
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on  the  other  half,  through  the  ports  C,  Fig.  2,  through  the  checker 
work  into  the  chamber  at  the  base  of  the  regenerators,  and  thence 
by  the  stack  flue  U  to  the  stack. 

It  will  be  seen  from  the  above  that  each  wall  is  a  separate  heat- 
ing unit,  having  its  own  gas  and  air  supply.  It  also  has  its  own 
regenerator,  which  is  directly  connected  to  the  stack  and  is  equipped 
with  a  regulating  device  so  that  the  stack  draft  can  be  regulated  at 
will. 

It  then  follows  that  in  order  to  have  the  same  heating  condi- 
tions for  each  oven,  all  that  is  necessary  is  to  maintain  a  uniform 
supply  of  gas  in  the  mains  D  and  the  same  amount  of  stack  pull 
at  the  base  of  each  regenerator  outlet  into  the  stack  flues  U 
CFig.  3). 

The  individual  cross-regenerator  permits  a  much  greater  capac- 
ity than  the  longitudinal.  The  Koppers'  individual  regenerator  has 
a  capacity  four  times  greater  than  that  in  general  use  in  other  types. 
The  protected  location  of  this  type  of  regenerator  makes  the  sub- 
structure simple  in  character,  much  less  liable  to  expansion  defects, 
and  permits  of  less  radiation.  The  individual  regenerator  is  an  es- 
sential feature  of  the  Koppers'  .system. 

Regulation  of  Combustion: 

We  have  followed  the  course  and  distribution  of  combustion 
and  it  remains  to  show  the  method  of  heat  regulation.  It  is  this 
particular  feature  of  the  Koppers'  ovens  on  which  we  desire  to  lay 
stress.  When  an  oven  is  charged,  we  have  a  long,  narrow,  rectangu- 
lar mass  of  coal  about  35  ft.  long.  9  ft.  high,  and  19  in.  in  width  ex- 
posed to  the  surface  of  a  highly  heated  wall  on  both  sides.  These 
walls  are  made  up  of  30  flues  in  which  continuous  combustion  is 
carried  on. 

The  object  is  primarily  to  transmit  the  required  amount  of  heat 
into  the  coal  so  that  the  entire  mass  will  coke  uniformly  and  in  the 
shortest  space  of  time. 

Eliminating  all  refinements,  the  chief  factors  are: 

The  rate  at  which  coal  will  absorb  heat. 

The  rate  and  intensity  at  which  combustion  can  be  maintained. 

The  amount  of  heat  generated  that  can  be  transmitted  through 
the  oven  wall  into  the  coal. 

The  product  of  the  above  means  the  shortest  possible  coking 
time  and  maximum  tonnage. 

Before  the  above  c(|uation  can  be  balanced,  we  must  insure  a 
uniform  tratist)n'ssion  of  heat  over  the  entire  surface  of  the  coal 
exposed  to  the  heating  action  of  the  walls.  In  order  to  do  this,  we 
must  maintain  a  uniform  intensity  of  combustion  throughout  the 
entire  lenqth  and  height  of  the  heating  flues  that  form  the  oven 
walls.  To  maintain  such  an  ideal  condition,  we  must  have  control 
over  every  square  foot  of  heating  surface,  and  in  order  to  have  this 
control,  there  must  be  accessibility  to  every  part  of  the  heating 

.. Vol.  XIX,  No.  2 


Salt — Manufacture  of  By-Product  Coke 


195 


system;  not  only  up  to  the  oven  itself,  but  including  the  oven 
proper. 

We  have  shown  that  the  first  step  necessary  is  to  be  assured 
that  each  oven  has  exactly  the  same  capacity  for  combustion.  Each 
oven  must  have  the  same  supply  of  air  and  gas,  and  the  products 
of  combustion  must  be  drawn  away  at  a  uniform  rate. 

The  Koppers'  oven  generally  depends  on  natural  draft  for  sup- 
plying the  air  for  combustion  and  for  drawing  away  products  of 
combustion.  The  flue  dampers  and  air  valves  control  the  rate  at 
which  these  functions  are  performed.  It  is  obvious  that  up  to  this 
point  everything  is  accessible  and  under  positive  control. 

The  regulation  of  the  combustion  in  the  heating  flues  is  carried 
out  in  the  following  manner : 

Reference  to  Fig.  5  will  show  that  there  is  an  opening  extending 


FIGURE  5 


through  the  roof  construction  into  each  flue.  In  fact,  this  opening 
is  a  continuation  of  the  flue  proper,  but  is  closed  by  means  of  the 
cover  brick  described  later.  The  removal  of  the  cast-iron  cover 
from  this  opening  exposes  the  entire  surface  of  the  exterior  of  the 
flue  for  inspection.  In  this  manner  observation  of  the  combustion 
taking  place  throughout  the  entire  length  of  the  oven  is  made  easy. 
The  gas  opening  at  the  base  of  each  flue  is  equipped  with  a  nozzle 
having  a  definite  size  opening  so  that  it  is  possible  to  increase  or  di- 
minish the  amount  of  gas  admitted  to  each  flue.  Alongside  this 
nozzle  is  the  air  port.  These  ports  are  all  calculated  for  an  excess 
air  supply,  but  they  bear  an  exact  relationship  to  the  area  of  the 
vertical  flues.  It  is  then  only  a  question  of  regulating  the  amount 
of  air  drawn  into  each  flue  and  fitting  the  opening  at  the  base  of  the 
flue  into  the  gas  duct  with  the  proper  size  gas  nozzle  in  order  to  ob- 
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tain  precise  intensity  of  combustion  desired.  Reference  to  Fig.  5 
will  show  how  this  is  accomplished.  It  will  be  seen  that  at  the  bot- 
tom of  the  horizontal  chamber  0  is  an  opening  covered  by  a  sliding 
brick  M.  This  sliding  brick  is  an  adjustable  damper  controlling  the 
amount  of  draft  for  each  flue. 

A  little  farther  up  in  the  chamber  will  be  seen  another  opening 
which  is  completely  closed  by  a  cover  brick  Q,  except  during  in- 
spection and  regulation.  The  opening  is  finally  closed  on  the  top 
of  the  battery  by  the  lid  S ;  by  taking  off  this  Hd  5"  and  sliding  back 
the  intermediate  cover  brick  Q,  an  unrestricted  view  is  obtained  of 
the  interior  of  the  vertical  flue.  It  is  a  simple  matter  to  adjust  the 
sliding  brick  damper  M  to  the  extent  desired  in  order  to  obtain 
any  intensity  of  combustion.  That  is  the  only  practical  way  to  de- 
cide on  the  amount  of  air  required  for  each  particular  flue.  As- 
suming that  a  local  over-heating  occurs  in  any  part  of  the  oven 
wall,  it  is  simply  a  question  of  opening  up  those  particular  flues, 
taking  the  nozzles  out  and  putting  in  a  smaller  size,  or  vice  versa, 
by  means  of  the  rod  shown  in  Fig.  6.     Once  a  regulation  has  been 
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FIGURE  6 

Showing  Gas  Nozzle  and  Rod  for  Removing  Nozzle 

made  for  an  entire  oven  or  for  any  number  of  ovens,  it  is  not  neces- 
sary to  interfere  with  the  regulation  until  the  entire  general  con- 
ditions require  changing.  Once  a  regulation  for  any  definite  coking 
time  is  established,  it  is  simply  a  question  of  raising  or  lowering 
the  gas  pressure,  increasing  or  diminishing  the  stack  draft.  The 
value  of  the  accessible  flue  is  then  not  only  that  of  inspection  but 
also  of  regulation. 

If  an  oven  charge  is  pushed  and  the  coke  is  not  perfectly  uni- 
form throughout,  it  must  be  evident  that  to  be  able  to  inspect  and 
correct  conditions  for  that  particular  oven,  is  a  big  advantage.  The 
ability  to  positively  control  the  rate  of  coking  means  that  the  maxi- 
mum efficiency  can  be  maintained  as  regards  output  per  battery, 
and  this  efficiency  can  be  expressed  in  dollars  and  cents. 

KOPPERS'    REGENER/VTIVE   GAS    CII.\MBER   OVEN. 

Reference  to  Fig.  7  will  show  that  tiie  construction  of  the  gas 

chamber  oven  is  merely  a  modification  of  the  regenerative  coke  oven. 

Combustion. in  coke  ovens  is  usually  carried  on  by  utilizing  part 
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of  the  oven  gas  after  being  freed  from  by-product's.    As  stated,  this 
requires  about  50%  of  the  total  gas  evolved. 

The  prime  object  of  a  coke  plant  is  to  make  coke  with  the  re- 
covery of  as  high  a  yield  of  by-products  as  is  consistent  with  proper 
operation.  In  the  gas  oven  the  conditions  are  reversed.  The  prime 
object  is  to  produce  as  high  a  yield  of  gas  as  possible  and  of  the 
proper  quality.  It  is  undesirable  to  use  any  of  the  gas  distilled 
from  the  coal  for  fuel.     Its  value  is  too  high.     It  is,  therefore,  de- 
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sirable  to  install  a  producer  plant,  using  a  low  grade  of  fuel.  The 
producer  gas  is  cleaned,  regenerated,  and  burned  at  the  ovens  to 
maintain  the  process  of  carbonization.  It  also  may  be  advisable 
to  recover  the  ammonia  from  the  producer  gas  and  in  this  way  a 
very  low  cost  fuel  can  be  obtained. 
Febr 
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Reference  to  Fig.  7  will  show  the  changes  in  construction.  The 
regenerator  chambers  are  subdivided  by  a  partition  wall  with  open- 
ings extending  into  the  combustion  flues  as  shown  in  the  coke  oven. 
Air  and  gas  are  regenerated  in  alternate  sets  of  regenerators.  For 
illustration,  air  would  enter  the  passageways  at  the  base  of  the  re- 
generators, and  the  gas  would  enter  the  openings  in  the  regenerator 
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chamber.  Air  and  gas  follow  the  same  direction,  combustion  fol- 
lowing precisely  the  same  course  as  in  the  coke  oven.  The  advan- 
tage of  dividing  each  regenerator  into  two  sections  and  passing  the 
same  material  through  each  regenerator,  whether  it  be  air  or  gas, 
lies  in  the  fact  that  should  the  division  walls  develop  leaks,  no  harm 
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can  be  done  as  the  material  is  precisely  the  same  in  each  set  of  re- 
generators. 

It  will  be  noted  that  there  is  no  fuel  gas  duct  extending  under 
the  flues  as  in  the  coke  oven.  The  producer  gas  is  regenerated  and 
enters  the  vertical  flue  through  the  openings  or  ports  leading  di- 
rectly from  the  regenerator  chamber  into  the  flues. 

KOPPERS'   REGENERATIVE   COMBINATION    COKE   AND   GAS   OVENS. 

The  Koppers'  regenerative  combination  oven,  Fig.  8,  has  been 
designed  to  act  as  a  coke  oven  until  such  time  as  the  demand  for 
gas  makes  it  advisable  to  operate  as  a  gas  oven. 

The  only  difference  between  this  oven  and  the  gas  oven  is  the 
addition  of  the  gas  distributing  flue  as  shown  in  Fig.  8.  This  oven 
can  be  operated  as  a  coke  oven,  the  regenerators  being  used  in  the 
usual  manner  exclusively  for  air.  Coal  gas  should  never  be  re- 
generated. 

When  the  demand  for  gas  increases,  the  producer  plant  is  in- 
stalled and  the  ovens  are  then  operated  as  gas  ovens,  using  the 
producer  gas  as  fuel.  It  is,  of  course,  necessary  that  re-adjustment 
take  place  for  any  change  in  condition ;  that  is  to  say,  though  the 
ovens  can  be  operated  as  a  gas  or  coke  oven  alternately,  time  must 
be  allowed  for  adjusting  to  new  conditions.  It  may  be  advisable, 
for  instance,  to  operate  as  a  gas  oven  in  the  winter  and  as  a  coke 
oven  in  the  summer. 

This  type  of  oven  is  well  adapted  to  localities  where  the  present 
gas  demand  is  equal  to  the  surplus  gas  output  of  the  battery  and 
where  future  indications  are  that  the  demand  will  be  doubled. 

Discussion. 

W.  L.  Abbott,  M.  w.  s.  E. :  There  are  present  those  who  know 
more  about  gas  and  more  about  coke  than  1  do,  as  I  know  very  little 
about  either,  and  so  I  feel  quite  incompetent  to  discuss  those  ques- 
tions, but  there  occurred  to  me  the  possibilities  of  reducing  some 
grades  of  our  Illinois  coals  in  gas  producers  for  the  sake  of  the 
by-products. 

There  is  produced  annually  in  the  central  western  coal  fields  of 
Illinois  and  Indiana  something  like  75,000,000  tons  of  coal,  and  of 
this  amount  about  one-tenth  is  of  a  size  which  will  go  through  a 
%-in.  round-hole  screen.  The  remainder  of  the  coal  for  whatever 
purpose  used  would  be  better  and  of  more  value  if  the  very  fine 
coal  were  taken  out  of  it.  This  means  that  somewhere  in  the  neigh- 
borhood of  7,000,000  tons  of  coal  might  be  available  at  a  very  low 
price  for  reduction  for  the  by-product?  alone,  assuming  that  the  coke 
were  to  be  thrown  away. 

The  content  of  nitrogen  in  the  coking  coals  I  understood  to  be 
about  ten  pounds  to  the  ton,  but  the  nitrogen  in  our  western  non- 
coking  coals  runs  much  higher  than  ten  pounds  to  the  ton.  I  pre- 
sume it  would  run  two  or  three  times  that  amount,  and  is  worth 
in  compound  about  15c  per  pound.     That  being  the  case,  the  am- 
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monia  which  might  be  recovered  from  this  coal  dust  should  be  worth 
perhaps  as  much  as  $4.00  per  ton. 

In  addition  to  the  ammonia  recovered,  there  would  be  other  by- 
products and  gas  which  would  also  have  a  considerable  value.  This, 
then,  opens  up  a  field  for  the  operation  of  a  plant  for  recovery  of 
by-products  from  a  grade  of  coal  which  has  no  value  as  fuel  and  is 
a  detriment  to  the  fuel  in  which  it  is  contained.  It  may  be  entirely 
impractical  to  handle  such  coal  in  a  coke  oven  for  the  reason  that 
the  stuflF  will  not  coke,  but  the  possibilities  have  always  appealed  to 
me,  and  I  should  be  pleased  to  hear  the  subject  discussed. 

A.  Bement,  m.  w.  s.  e.  :  The  leading  thought  in  my  mind  is  the 
change  the  by-product  oven  has  introduced  into  the  iron  and  steel 
business.  Formerly  the  furnace  was  located  in  the  vicinity  of  the 
coal  (Pennsylvania,  very  largely),  rather  than  the  ore,  provided 
the  latter  could  reach  the  furnace  at  a  reasonable  freight  rate.  The 
coke  oven  was  in  the  country  and  in  the  woods  where  the  coal  was 
produced,  and  gas,  which  was  not  considered  a  by-product  then,  was 
a  waste  product  as  made  in  the  beehive  oven. 

With  the  introduction  of  the  by-product  oven,  making  a  salable 
gas  provided  there  is  a  market,  we  have  a  changed  condition,  and 
the  disposition  of  the  gas  is  a  matter  of  much  importance.  It  can 
be  used  in  engines,  for  firing  boilers,  soaking  pits,  in  open-hearth 
and  other  furnaces ;  but  its  best  market  is  for  illuminating  purposes. 
There  it  will  bring  the  highest  price.  But  to  have  such  a  market 
we  must  have  a  city.  Therefore,  the  place  for  a  blast  furnace  plant 
and  steel  works  is  in  a  large  city,  if  we  are  going  to  get  the  best 
out  of  the  by-product  oven.  In  this  way  the  steel  plant  contributes 
to  the  needs  of  and  assists  in  the  operation  of  the  city.  On  the  ocher 
hand,  the  utilities  of  the  city  may  render  service  to  the  steel  works. 
P'or  illustration,  if  the  gas  is  sold  them,  the  plant  will  be  short  of 
fuel,  to  be  made  up  by  coal  burned  under  boilers,  in  gas  producers, 
or  by  the  purchase  of  electric  current,  and  it  is  in  this  way  that  the 
city  renders  service  to  the  steel  works.  It  was  predicted  some  15 
years  ago  that  the  blast  furnace  might,  in  the  vicinity,  of  a  city, 
supply  gas  engines  generating  electricity  to  supply  the  city  and 
that  iron  would  be  a  by-product.  Such  conditions,  however,  never 
worked  out.  With  a  steel  works  in  connection  with  furnaces  there 
is  always  use  for  all  of  the  gas,  but  with  merchant  furnaces  using 
gas  power,  or  modern  steam  equipment,  there  is  a  surplus  of  fur- 
nace gas,  which  could  be  used  to  generate  electricity.  A  populous 
community  would  be  required,  however,  to  furnish  a  market  for 
the  electricity  and  such  a  community  would  also  ensure  a  market 
for  gas.  It  would  therefore  be  best  to  install  coke  ovens,  and  sell 
the  gas  from  them,  using  furnace  gas  to  heat  them.  The  Gary  works 
has  an  insufficient  supply  of  gas,  and  is  compelled  t<,)  supplement  its 
fuel  supply  by  coal  in  gas  producers.  So  it  would  he  better  to  cur- 
tail the  use  of  gas  in  engines  and  reserve  it  for  heating,  andj  buy 
sufficient  electric  current  to  make  up  the  deficiency ;  this  on  the  as- 
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sumption,  of  course,  that  a  central  station  service  like  that  of  ours 
in  Illinois  is  available.  Thus  we  find  that  instead  of  the  blast  fur- 
nace or  steel  works  furnishing  electric  service,  they  are  rather  in  a 
position  to  be  served  by  the  central  station  company. 

I  would  ask  the  author  what  mixture  is  used  at  Joliet,  also  if 
there  is  any  Illinois  or  Indiana  coal  used  at  the  present  time  as  a 
mixer. 

Frank  W.  DeWolf,  m.  w^  s.  e.  :  My  interest  in  this  paper  is 
chiefly  because  of  my  interest  in  Illinois  coal,  and  I  came  here  with 
the  hope  that  something  might  be  said  of  the  possible  future  for 
Illinois  coal  in  by-product-oven  practice.  I  do  not  know  of  any 
topic  of  more  interest  to  Illinois  coal  producers  right  now  than  that 
of  the  possibility  of  making  coke  and  illuminating  gas  from  our  coal. 

One  of  the  chief  reasons  for  this  interest  is  the  increased  price 
of  oil  during  the  last  year.  You  are,  of  course,  aware  that  most  of 
the  gas  plants  of  smaller  towns  make  some  coal-gas  but  a  larger 
amount  of  water-gas  which  demands  oil  for  enrichment.  The  price 
of  crude  oil  in  Illinois  has  doubled  in  the  last  twelve  months,  and 
there  has  been  such  an  increase  in  the  cost  of  oil  for  gas-house 
purposes  that  it  is  no  longer  economical  to  make  water-gas. 

This  condition  will  have  several  results : 

1.  A  return  to  the  use  of  high-grade  gas-coals  in  these  small 
plants,  at  a  considerable  increase  in  cost. 

2.  An  increased  production  of  gas-house  coke  resulting  from 
the  use  of  this  gas-coal. 

3.  Where  the  amount  of  service  warrants,  there  will  be  in- 
stalled central  power  plants  and  by-product-oven  plants,  with  their 
high-pressure  gas  lines  radiating  for  a  hundred  miles  or  more  to 
adjoining  towns,  and  with  a  very  large  quantity  of  coke  thrown  on 
the  market. 

4.  There  will  be  competition  of  the  coke  market  with  domestic 
fuels  of  the  State  and  a  lack  of  equilibrium  in  the  coal  trade. 

The  report  has  been  for  years,  of  course,  that  Illinois  coal  is 
non-coking,  in  spite  of  the  fact  that  some  domestic  coke  has  been 
made  in  the  southern  part  of  the  State,  in  Gallatin  County,  and 
that  the  same  seam  of  coal  produces  considerable  coke  in  western 
Kentucky.  The  tests  of  the  United  States  Geological  Survey  at  St. 
Louis  on  a  dozen  or  more  Illinois  coals  were  successful  but  perhaps 
did  not  yield  a  commercial  blast-furnace  coke. 

The  question  arises  whether  Illinois  coal  can  be  used  in  these 
new  plants  for  gas  and  coke.  During  recent  years  experimenters 
have  been  working  in  an  effort  to  use  more  and  more  of  our  Illinois 
coal  in  by-product  coke  ovens.  I  am  told  that  it  is  common  prac- 
tice to  use  10%  of  Ilinois  coal.  Sometimes  20%  is  used  commer- 
cially, but  hardly  more  than  that.  Yet  I  have  seen  this  last  year  a 
large  display  of  coke  samples  which  are  said  to  have  been  made  out 
of  100%  Illinois  coal.    I  am  not  competent  to  judge  of  the  structure 
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of  that  coke  for  blast  furnace  purposes  but  it  is  promising,  and  so  far 
as  sulphur  content  is  concerned,  it  seems  feasible  to  get  Illinois 
coal  which  will  be  satisfactory.  1  have  also  seen  within  recent 
months  beehive  coke  made  out  of  100%  Illinois  coal,  which  was 
an  eye-opener  and  seems  to  give  great  promise.  In  all  these  cases 
I  understand  Franklin  County  coal  has  been  used  most  satisfactorily. 

Professor  Parr  of  the  University  of  Illinois,  who  has  been  con- 
sulting chemist  to  the  Geological  Survey  on  some  of  these  investiga- 
tions, thinks  he  knows  what  ingredient  causes  the  coking  of  coal, 
and  he  holds  that  any  Illinois  coal  can  be  coked  provided  it  is  taken 
immediately  after  mining;  but  that  this  constituent  of  the  coal  which 
is  the  secret  of  its  coking  escapes  during  the  first  deterioration  of  the 
coal  on  exposure  to  the  air. 

I  feel  that  the  commercial  demands  of  the  situation,  and  the 
extreme  activity  of  by-product  oven  inventors  and  experimenters, 
hold  promise  that  in  the  course  of  the  next  five  or  ten  years  we 
shall  have  considerable  use  of  Illinois  coal  in  this  process,  for  manu- 
facture of  gas  and  coke,  and  that  we  shall  cease  to  have  shipped  into 
Illinois  thousands  of  tons  of  eastern  coal  for  this  purpose. 

Mr.  Bement:  Reference  was  made  to  domestic  coke.  The  de- 
mand for  blast  furnace  coke  is  limited,  and  it  may  be  that  consid- 
erable market  can  be  developed  for  domestic  coke  to  take  the  place 
of  anthracite. 

In  line  with  what  Mr.  DeWolf  has  asked,  it  would  be  interest- 
ing if  the  author  would  say  something  about  the  possibility  of  cok- 
ing Illinois  coal  and  the  manufacture  of  by-products  from  it.  I 
would  also  like  to  know  if  there  is  any  creosote  oil  manufactured  in 
this  country?    - 

Closure. 

Mr.  Kirk  Patrick:  With  regard  to  the  point  raised  by  Mr.  Ab- 
bott, the  subject  of  the  nitrogen  content  of  Illinois  coals  is  one  to 
which  I  have  given  little  attention,  but  I  know  that  nitrogen  con- 
tent runs  as  low  as  1^4%  "P  to  better  than  1>4%.  What  is  known 
as  the  Mond  process  or  a  similar  process  could  probably  be  used, 
and  yield  possibly  50  lb.  of  ammonia  sulphate  which  is  worth  3c 
per  lb.  on  the  market,  or  a  little  more. 

Mr.  Bement  suggests  that  "the  place  for  a  blast  furnace  plant 
and  steel  works  is  in  a  city."  So  far  as  a  blast  furnace  and  its  ac- 
companying by-product  coke  plant  are  concerned,  it  probably  does 
mean  a  large  city  or  a  place  where  the  suri)lus  gas  from  the  coke 
plant  can  he  disposed  of ;  but  when  the  coke  plant  is  connected 
with  the  blast  furnace  plant  and  the  steel  mill,  then  we  have  a  con- 
dition which  is  more  or  less  self-contained.  That  is  to  say,  the 
steel  mill  will  draw  on  the  surplus  gas  of  the  coke  plant  and  make 
fairly  beneficial  use  of  it.  At  Gary,  while  there  is  some  gas  burning 
all  the  time  at  the  bleeder,  it  is  only  on  Sundays  that  there  is  any 
great  waste.     I  might  say  the  surplus  gas  burned  at  Gary  is  about 
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60,000,000  cu.  ft.  per  day,  and  it  is  all  used  there  mainly  for  heat- 
ing purposes. 

It  is  true  that  tar  has  been  used  successfully  as  open-hearth 
fuel.  I  am  afraid,  however,  that  the  time  is  coming  when  the  value 
of  the  tar  will  be  too  high  for  that  use.  We  import  upwards  of 
50,000,000  gallons  of  creosote  oil  per  year,  so  there  is  a  place  to  put 
our  tar  for  some  time  to  come.  In  this  country  creosote  oil  is  manu- 
factured by  the  American  Coal  Products  Company. 

Mr.  Bement  inquired  regarding  the  mixture  at  Joliet  and 
whether  any  Indiana  or  Illinois  coals  are  used  as  a  mixer.  The  mix- 
tures at  the  JoHet  steel  plant  have  varied  from  80%  Pocahontas 
with  20%  of  high  volatile  coal  (I  believe  what  they  call  Klondike 
coal,  giving  an  average  volatile  from  21^%  to  perhaps  22%)  to 
60%  Pocahontas  and  40%  Klondike;  or  60%  Pocahontas,  20% 
Klondike,  and  20%  Illinois  coal.  I  have  no  definite  figures  to  give 
and  do  not  know  what  the  results  have  been.  I  know  that  they  have 
used  20%  Illinois  coal  with  20%  Pittsburgh  high  volatile  and  60% 
low  volatile  coal,  and  obtained  good  blast  furnace  coke.  This  Illinois 
coal  I  understand  has  been  washed  to  get  the  best  results.  In  a  by- 
product coke  oven  plant,  washed  coal  usually  means  a  little  larger 
yield  of  ammonia.    I  have  no  record  of  any  Indiana  coal  being  used. 

Following  along  the  line  of  the  question  of  using  Illinois  coals, 
I  regret  to  say  that  the  company  I  am  with  did  its  development  work 
in  Germany;  that  is,  we  developed  our  oven  on  other  coals  than 
the  coals  of  this  country.  Our  first  conditions  here  were  to  produce 
the  blast  furnace  coke  and  when  a  result  was  reached  that  was  satis- 
factory, we  naturally  kept  rather  close  to  that  result.  So  our  guar- 
antees are  usually  based  on  a  Pittsburgh  and  Pocahontas  mixture, 
because  we  have  that  knowledge. 

We  have  no  experimental  ovens ;  we  have  not  built  an  experi- 
mental plant  in  this  country;  but  we  have  put  in  one  oven  for  ex- 
perimental purposes  in  connection  with  the  65  ovens  now  being  con- 
structed for  the  Inland  Steel  Company,  and  we  hope  there  to  de- 
velop some  information  along  the  line  of  Illinois  coal.  There  seems 
to  be  a  general  opinion  that  a  good  grade  of  domestic  fuel  can  be 
produced  from  Illinois  coals,  but  we  are  not  ready  now  to  give  out 
any  definite  information  on  this  subject. 

It  is  stated,  with  reference  to  coal  consumption  in  steel  plants 
in  Germany,  that  the  only  coal  that  was  taken  into  the  plant  was  that 
which  went  into  the  coke  ovens ;  that  the  plants  were  operated  en- 
tirely with  the  blast-furnace  gas  and  coke-oven  gas.  We  have  not 
quite  reached  that  condition  in  this  country. 
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MODERATE  CAPACITY  OUTDOOR  HIGH  TENSION 
SUB-STATIONS 

H.  W,  Young,  aff.  w.  s.  e.  ;  assoc.  a.  i.  e.  e. 

Presented  at  a  Joint  Meeting,  Electrical  Section  W.  S.  E.  and  Chi- 
cago Section  A.  I.  E.  E.,  December  2g,  1913. 

The  problem  of  furnishing  electricity  supply  to  isolated  com- 
munities and  consumers  has  received  much  attention  during  the 
past  three  years,  and  is  now  generally  recognized  as  a  serious  and 
important  undertaking,  deserving  the  most  careful  consideration 
of  central  station  managers.  There  never  has  been  any  question 
as  to  the  desirability  of  giving  service  to  outlying  territories,  provid- 
ing the  investment  and  maintenance  charges  were  such  that  a  fair 
return  could  be  expected.  Prior  to  the  building  of  transmission  net- 
works and  high  tension  distribution  feeders  radiating  from  a  central 
point  to  smaller  communities,  the  cost  of  lines  to  reach  the  small 
consumer,  combined  with  the  high  cost  per  kilowatt  of  switching 
and  protective  equipment,  practically  closed  a  field  now  open  to  real 
commercial  development. 

The  situation  today,  therefore,  is  vastly  improved,  as  the  con- 
solidation and  unification  of  central  station  systems  has  resulted  in 
a  large  mileage  of  transmission  lines  passing  through  the  districts 
ready  and  waiting  for  electrical  development.  The  problem  of  sup- 
plying electrical  energy  to  the  rural  districts  is  now  rapidly  forcing 
itself  to  the  front  as  a  real  commercial  and  utility  proposition,  and 
the  large  number  of  isolated  plants  installed  at  high  expense  and 
operated  under  great  disadvantage  is  an  indication  that  the  rural 
population  is  demanding  and  will  secure  electric  service. 

The  idea  is  still  prevalent  among  many  central  station  mana- 
gers that  high  tension  distribution,  in  the  ordinary  sense  of  the 
word,  will  not  pay.  If  the  plan  were  to  supply  a  single  consumer 
or  a  small  group  at  a  considerable  distance  from  the  generating 
station,  it  must  be  admitted  that  such  an  opinion  would  be  valid, 
but  the  supplying  of  current  from  high  tension  transmission  sys- 
tems is  not  going  to  be  developed  along  such  narrow  lines. 

The  problem  has  resolved  itself  into  the  building  of  lines  from 
a  large-capacity  centralized  plant  to  a  definite  point  where  a  load 
of  suitable  characteristics  to  justify  the  expense  can  be  secured. 
From  these  high  tension  feeders  branches  will  extend  along  the  way. 
to  farmers,  mills,  stone  quarries,  grain  elevators,  irrigation  pro- 
jects, railway  pumping  installations,  dairy  farms,  canning  factories, 
brick  or  tile  plants,  excavating  shovels,  etc. 

SUPERSEDING  OF  SMALL  GENERATING  STATIONS 

The  small  generating  station  supplying  a  town  or  village  is 
necessarily  at  a  distinct  disadvantage  in  the  generation  and  dis- 
tribution of  electricity  as  compared  to  the  larger  stations,  as  it  is 
well  recognized  that  the  economy  is  low.     This  condition  is  due 

Vol.  XIX,  No.  2 


Young — Outdoor  High  Tension  Substations 


5505 


to  the  small  amount  of  power  generated,  the  poor  load  factor,  and 
the  fact  that  the  size  of  the  enterprise  does  not  justify  the  employ- 
ment of  high  class  engineers  or  operators  characteristic  of  the  larger 
systems. 

The  small  generating  station  will  therefore  be  quite  generally 
superseded  by  a  sub-station,  supplied  from  a  high  tension  transmis- 
sion line  serving  a  number  of  communities.  With  one  or  more 
small  towns  as  a  nucleus,  the  transmission  line  is  built, — the  first 
step  towards  supplying  an  entire  district  or  even  county  from  a 
centralized  plant.  The  supply  of  power  along  the  main  transmis- 
sion lines  then  becomes  a  comparatively  simple  matter,  and  many 
possible  installations  heretofore  considered  undesirable  come  to  the 
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Fig.  1—33,000- Volt  Single  Phase  Out- 
door Substation 


Fig.  2— 33,000- Volt  Station,  Single 
Phase 


front  as  good  commercial  investments.  In  addition  to  supplying 
current  to  those  who  heretofore  have  been  without  its  conveniences, 
the  various  isolated  plants  in  a  given  territory  will  gradually  be 
connected  and  tend  to  help  raise  the  load  factor  of  the  entire  system. 
The  supply  of  electrical  energy  to  the  rural  districts,  especially 
in  the  middle-west  states,  therefore,  is  a  most  practical  and  attrac- 
tive proposition,  commanding  the  attention  of  many  very  able  men 
who  have  the  foresight  to  recognize  the  real  possibilities.  It  is  safe 
to  say  that,  judging  from  present  activities,  the  day  is  not  far  dis- 
ant  when  a  large  majority  of  our  small  towns  and  rural  population 
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will  have  the  same  electrical  conveniences  as  those  heretofore  al- 
most exclusively  enjoyed  by  dwellers  in  cities. 

SECURING    POWER    LOADS 

Another  very  important  feature  of  high  tension  distribution 
is  the  fact  that  the  possibiities  of  power  loads  are  extremely  good 
in  what  are  now  sparsely  settled  districts.  With  a  network  of  high 
tension  feeders  covering  the  outlying  districts,  manufacturers  seek- 
ing lower  rents,  taxes,  labor,  etc.,  will  soon  be  attracted  to  the 
smaller  communities  where  electric  power  is  available.  The  ques- 
tion of  extremely  low  rates  for  power  will  not  be  a  serious  one  as 
the  cost  of  power  used  in  maiuifacturing  is  but  a  small  percentage 


-33,000- Volt  Station  with  Sec- 
ondary Rack 


Fig.  4— Single  Phase  33,000-Vok 
Station 


of  the  total  maiuifacturing  cost.  The  central  station,  therefore, 
will  be  able  to  secure  a  good  return  from  this  new  class  of  con- 
sumers. If  power  is  available  where  rents  are  low  and  expense  less 
than  in  the  cities,  the  manufacturers  will  inevitably  move  out,  and 
this  means  an  influx  of  new  residents  who  will  also  require  electric 
service. 

With  high  tension  feeder  lines  to  definite  points,  the  question  of 
serving  small  cmninunities  or  consumers  along  the  lines  becomes 
one  of  giving  service  at  the  least  initial  investment  and  mainte- 
nance cost.     The  outdoor  sub-station  then  becomes  the  means  of 
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tneeting  the  situation  developed  by  consolidation  or  unification  of 
plants  and  by  the  demand  from  our  rural  population  for  electric 
service. 

HIGH    COST    OF    SUB-STATIONS 

A  new  situation  now  arises  which  is  in  a  sense  comparable 
with  the  problem  presented  by  the  small  generating  station.  After 
installing  some  of  the  earlier  types  of  high  tension  outdoor  sub- 
stations employing  expensive  and  more  or  less  complicated  equip- 
ment, it  was  soon  found  that  in  many  instances  the  venture  was 
bound  to  prove  unprofitable  as  both  the  initial  cost  and  maintenance 
were  too  high  to  insure  a  fair  return  on  the  investment.     From 
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Fig.  5— 22,000- Volt  Station,  Three  Phase 

a  commercial  standpoint,  therefore,  conditions  were  such  that  with 
a  low  generating  cost  at  the  main  stations  and  an  economical  trans- 
mission system,  the  cost  of  local  transformation  and  distribution  was 
high  and  akin  to  that  of  the  small  generating  stations  which  had 
been  supplanted. 

The  demand  then  arose  for  an  entirely  different  type  of  outdoor 
sub-station  equipment  which  would  afiford  adequate  control  and 
protection  at  a  reasonable  cost  per  kilowatt.  To  meet  the  imposed 
conditions,  many  types  of  switches,  fuses,  and  lightning  arrester 
equipments  were  designed,  all  having  more  or  less  merit,  and  at  the 
present  time  a  very  considerable  number  of  these  high  tension 
equipments  are  in  successful  commercial  service.    Among  the  later 

February,  1914 


208 


Young — Outdoor  High  Tension  Substations 


and  more  modern  types  of  equipment,  the  forms  shown  in  the  ac- 
companying ilhistrations  have  been  used  to  a  considerable  extent 
and  their  success  is  an  indication  that  the  problem  of  distribution 
from  high  tension  feeders  has  been  solved. 

TYPES  OF  SUB-STATIONS. 

During  the  past  two  years  several  distinct  types  of  outdoor 
sub-stations  have  been  developed  and  a  large  number  are  now  in 
service.  Some  of  the  earlier  small  capacity  types  are  shown  in 
Figs.  1  to  4.  inclusive,  and  are  of  very  simple  construction.  The 
transformers  are  of  the  single  phase  weatherproof  form  mounted 
on  a  suitable  platform  supported  by  two  standard  poles ;  the  light- 


Fig.   6— 22,000-Volt  Pole   Top   Switch 


ning  protective  equipment  consists  of  a  pair  of  adjustable  horn 
gaps  set  to  "spill  over"  at  approximately  a  predetermined  value. 
IVotcction  against  overloads  is  secured  by  the  use  of  special  high 
tension  fuses  mounted  cither  above  or  below  the  crossarms  as  de- 
sired, and  when  renewal  becomes  necessary  a  fuse  can  be  removed 
and  replaced  by  means  of  insulated  tongs.  The  control  switches 
are  located  on  the  next  pole ;  in  some  cases  these  consist  of  a  simple 
disconnecting  type  and  in  others  a  switch  designed  to  open  loaded 
circuits  is  used.  An  interesting  feature  of  these  stations  is  that  the 
automatic  street  lighting  regulators  are  also  of  the  weatherproof 
type  and  are  mounted  near  the  main  transformer. 
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The  first  stations  erected  were  usually  single  phase  for  sup- 
plying street  or  commercial  lighting,  but  the  necessity  for  power 
service  soon  developed  and  the  type  shown  in  Fig.  5  was  designed. 
This  station  is  of  100  kw.  capacity  transforming  from  22,000  to 
2,200  volts ;  the  secondai^'  distribution  is  carried  out  in  the  usual 
manner,  2200/110/220  volt  transformers  being  located  near  the  con- 
sumer's premises.  In  the  particular  installation  shown,  the  con- 
trol switches  are  of  the  simple  disconnecting  type,  but  when  con- 
ditions are  such  that  opening  the  high  tension  circuit  under  load  is 
necessary,  the  type  of  switch  shown  in  Figs.  6  and  7  is  extensively 
used. 

Where   the   main   transmission   lines   are   adequately   protected 


TYPE  MB.  SWITCHES 

OPEN 


Fig.  7— Two  22,000-Volt  Pole  Top  Switches 


with  lightning  arresters  located  near  the  point  where  power  is 
taken  off,  the  installation  shown  in  Fig.  8  can  be  used  to  good  ad- 
vantage. This  installation  is  simply  protected  by  means  of  weather- 
proof high  tension  fuses  mounted  directly  above  the  transformers, 
the  disconnecting  switches  being  on  the  next  pole. 

A  second  type  of  outdoor  sub-station  installation,  where  the 
entire  transformers,  switching,  and  protective  equipment  are 
mounted  on  the  same  structure,  is  shown  in  Figs.  9  and  10.     The 

L transformer  is  of  the  three  phase  type  transforming  from  33.000 
volts  to  2,200,  the  secondary  distribution  being  of  the  usual  type 
employing  2200/110/220  volt  transformers.     It  will  be  noted  that 
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the  three  pole  switch  handle  is  located  below  the  platform ;  the  air 
break  switch  is  opened  before  the  linemen  mount  the  platform,  which 
increases  the  safety  factor.  Protection  against  overloads  and 
lightning  is  secured  by  the  use  of  high  tension  fuses,  choke  coils, 
and  discharging  horns.  A  small  house  is  provided  for  secondary 
switches,  meters,  spare  parts,  etc. 

A  third  type  of  three  phase  station  is  shown  in  Fig.  11  and  is 
rather  interesting  in  that  it  is  designed  to  supply  current  for  an 
entire  town.  This  particular  installation  is  of  300  kw.  capacity  and 
is  located  outside  of  an  old  steam  plant  which  can  be  shut  down  at 
will;  the  sub-station  can  take  current  from  the  main  lines,  or  the 
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steam  plant  can  be  operated  as  an  auxiliary  feeding  into  the  main 
line  if  it  becomes  necessary. 

The  2,200  volt  circuits  are  carried  into  the  building  at  the  left 
and  distribution  is  made  in  the  usual  manner.  With  this  arrange- 
ment the  town  can  be  supplied  with  current  from  the  high  tension 
33,000  volt  line,  the  local  generating  plant  being  shut  down  ;  or  the 
local  plant,  can,  when  desired,  be  used  as  a  generating  point,  feed- 
ing into  the  main  line  through  the  outdoor  sub-station.  This  type 
of  sub-station,  using  the  old  station  as  an  auxiliary,  offers  a  ready 
means  of  assisting  in  the  unification  of  generating  or  distribution 
systems  embracing  a  large  territorv  or  a  number  of  towns. 
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A  fourth  type  of  high  tension  sub-station  is  shown  in  Fig.  12, 
and  as  will  be  noted  the  three  phase  air  break  switch  is  mounted 
on  a  separate  pole  adjacent  to  the  three  poles  supporting  the  trans- 
formers, lightning  arrester,  and  fuse  equipment.  This  particular 
installation  is  connected  to  a  33,000  volt  transmission  system  sup- 
plying power  to  a  coal  mine.  Several  of  these  stations  are  now  in 
commercial  operation  and  their  operation  under  heavy  sleet  condi- 
tions will  be  watched  with  much  interest.  The  switching  equip- 
ment is  so  designed  that  it  can  be  operated  under  severe  sleet  con- 
ditions, as  in  the  particular  territory  where  these  stations  are  in- 
stalled, sleet  storms  of  great  severity  are  quite  common.  The  type 
of  station  shown  in  Fig.  13  employs  the  same  form  of  switch  as  the 


Fig.  9 — Complete  Station,  High  Ten-       Fig.    lO^Three   Phase   Transformer, 
sion    Load    Switching  33,000-Volt  Station 


preceding  station.  It  will  be  noted  that  the  fuse,  lightning  arrester, 
and  transformer  equipmicnt  are  all  concentrated  at  one  point,  thus 
giving  a  self-contained   installation. 

'  An  interesting  steel  tower  sub-station  is  shown  in  Fig.  14,  a 
number  of  installations  being  in  commercial  service.  It  will  be  noted 
that  the  transformers  and  protective  equipment  are  mounted  on  a 
common  structure  and  the  switch  on  a  separate  pole. 

CONTINUITY  OF  SERVICE. 

Anticipating  the  question  as  to  the  possibility  of  securing  un- 
interrupted service,  it  can  be  said  that  absolute  continuity  of  service 
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cannot  be  guaranteed  with  any  present  type  of  outdoor  sub-station 
equipment,  nor  is  it  expected,  with  the  low-cost  forms  commercially 
available.  With  the  latter  types,  in  case  of  a  heavy  flow  of  current 
to  ground,  the  protective  fuse  will  perform  its  functions  and  rup- 
ture, thus  cutting  off  the  service.  This  condition  must  be  admitted, 
but  in  a  large  percentage  of  cases  an  occasional  interruption  of 
outdoor  sub-station  service  will  not  be  considered  serious  or  as  a 
criticism   of   the   service.      It    is   obviously   preferable    to   use   this 


l-'iR.    11- 
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lower-cost  switching  and  protective  C(iuipmcnt,  giving  service 
which,  while  subject  to  an  occasional  interruption,  insures  a  jirofit 
on  the  investment,  than  it  is  to  use  a  higher-cost,  more  elaborate 
equipment,  which,  while  it  may  insure  fewer  interruptions,  will 
invariably  render  the  venture  uniirotitable. 

I'rimarily,  the  object  of  distributing  high  tension  power  is  to 
uK'ikc  a  profit  for  the  central  station,  and  it  is  daily  being  demon- 
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strated  that  the  simple  outdoor  sub-station  equipments  now  being 
largely  used  are  materially  aiding  in  securing  this  profit.  At  this 
point  a  rather  infrequent  cause  of  interruption,  as  shown  in  Fig. 
15,  may  be  of  interest.  This  rather  indiscreet  screech-owl  caused  a 
shut-down  on  a  33,000  volt  feeder  line,  thus  demonstrating  the  fact 
that  high  tension  lines  are  not  the  proper  place  for  even  short  visits. 
Probably  the  most  frequent  cause  of  interruption  on  high  ten- 
sion systems  is  due  to  the  failure  of  insulation ;  in  other  words,  the 


PROTECTIVE  UNiTS 


Fig.   12— 33,000-Volt  Station,   Switch  on  Separate  Pole 


line  insulators  used  are  frequently  too  light  to  meet  those  abnormal 
conditions  which  occasionally  arise.  The  use  of  liberally  designed 
insulators  on  the  lines,  the  installation  of  electrolytic  arresters  at  gen- 
erating stations  or  important  distribution  points,  and  the  frequent 
installation  of  air  break  sectionalizing  switches,  will  materially  aid 
in  decreasing  interruption  to  main  lines  or  feeders.     The  outdoor 
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sub-Station  equipment  branching  from  these  lines  will  take  care  of 
itself  so  far  as  interruption  to  service  is  concerned,  as  any  disturb- 
ance or  trouble  will  be  localized  by  the  fuses  and  prevented  from 
spreading  to  the  main  feeder  lines — something  of  the  highest  im- 
portance. 

OVERLOAD    PROTECTION. 

While  automatic  oil  switches  have  been  designed  for  outdoor 
service,  it  is  questionable  if  they  are  suitable  for  use  in  connection 
with  small  sub-stations,  as  it  is  quite  necessarj-  to  frequently  in- 
spect the  contacts,  height,  and  condition  of  oil,  make  adjustments, 
etc.    A  comparatively  small  amount  of  water  will  result  in  serious 


Fig.     13— 33.000- Volt    Station.    Self-       big.  14 
Contained  Type 


-33.000- Volt  Steel  Tower  Out- 
door Substation 


trouble,  and  inspection  must  be  made  in  fair  weather  or  with  the 
switch  under  cover.  Again  the  oil  Switch  cannot  be  thoroughly 
inspected  without  killinc^  the  line,  and  when  means  are  provided  for 
by-passing  the  switch  to  cut  it  out  of  service,  the  neces5ar>-  extra 
equipment  becomes  cumbersome  and  expensive. 

The  outdoor  tj-pes  of  non-automatic  air  break  switches  with 
fuses  have  met  the  requirements  of  commercial  service  and  are 
certainly  far  safer  to  install,  inspect,  and  operate  than  are  oil 
switches.  Attempts  have  been  made  to  employ  the  standard  types 
of  high  tension  indoor  oil  switches  for  outdoor  ser\ice  by  providing 
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housings,  but  this  practically  doubles  the  expense  and  still  has  the 
disadvantage  of  permitting  no  immediate  and  easy  inspection  when 
alive. 

ADEQUATE    FUSE   PROTECTION. 

The  selection  of  a  proper  fuse  to  give  adequate  protection  has 
been  a  vexing  question,  as  the  fuse  must  be  of  such  design  that  it 
will  not  open  under  normal  conditions,  but  will  take  care  of  those 
emergencies  and  abnormal  conditions  frequently  arising  in  high 
tension  distribution.  One  of  the  most  successful  types  develofied  i> 
the  chemical  form,  consisting  of  a  short  fuse  wire  under  tension 
and  hermetically  sealed  in  a  glass  tube  filled  with  a  carbon-tetra- 
chloride  solution.  This  form  of  fuse  has  the  desired  characteristics 
of  quick  action,  minimum  disturbance  to  the  system,  positive  indi- 
cation whether  open  or  closed,  and  ready  replacement. 
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Fig.  1.5 — Screech  Owl  After  Striking  3.;, 000- Volt  Line 


Aside  from  exhaustive  laboratory  tests,  this  fuse  has  been  in 
successful  commercial  operation  a  sufficient  length  of  time  to  thor- 
oughly demonstrate  its  characteristics.  Many  short  circuits  have 
occurred  on  high  capacity  systems,  and  in  even,-  instance  the  fuse 
has  cleared  the  lines  without  danger  to  either  the  feeders  or  gen- 
erating installations. 

An  interesting  illustration  of  fuse  operation  is  shown  in  Fig. 
16.  This  fuse,  rated  at  5  amp.  66,000  volts,  was  connected  between 
one  phase  and  the  neutral  point  of  a  110,000  volt  bus  fed  by  two 
9,000  kv.-a  generators  operating  in  parallel.  It  will  be  seen  that 
with  the  connections  used,  the  fuses  were  subjected  to  approximately 
66.000  volts,  whereas  on  the  regular  66.000  volt  circuits,  two  fuses 
would  always  be  in  series  in  case  of  short  circuit  between  phases. 
Should  a  short  circuit  occur  between  one  phase  and  ground,  the 
voltaee  across  any  fuse  would  aonroximate  38,000  volts,  which  is 
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the  usual  method  of  operation.  The  successful  performance  under 
the  conditions  cited  is  conclusive  evidence  that  the  high  tension 
fuses  employed  with  the  outdoor  sub-stations  illustrated  are  prac- 
tical. 

In  Fig.  17  is  shown  an  oscillogram  record  of  a  short  circuit 
under  exceptionally  severe  conditions  as  it  was  made  soon  after 
the  pressure  had  passed  zero  and  was  rising.  Figure  18  shows 
practically  the  same  conditions.  In  both  cases  the  fuse  requires  but 
one-half  cycle  to  clear  the  lines. 

EFFECT  OF  SLEET  AND  ICE. 

The  question  is  frequently  raised  as  to  the  possibility  of  ice 
formation  preventing  operation  of  air  break  switches.     To  secure 
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Fig.  16— 6G,000-Volt  Fuse  Blowing 

data  on  this  puint  the  following  tests  were  made  and  the  report  was 
as  follows : 

A  three  pole,  33,000  volt  switch  was  mounted  on  a  temporary 
structure  as  shown  in  Fig.  19.  The  temperature  was  25  deg.  above 
zero,  and  the  wind  velocity  was  25  miles  per  hour  (as  recorded 
by  the  Weather  Bureau),  a  spray  of  water  being  directed  on  the 
switch  for  al>out  2|j  hours.  The  ice  deposit  was  very  heavy  and 
resulted  in  long  icicles  extending  from  the  insulator  petticoats  to 
the  channel-iron  mounting,  as  shown  in  Fig.  20.  Under  the  con- 
ditions  illustrated,   the  llash-over  occurred  at   potentials    from   ap- 
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proximately  51,000  volts  to  57,000  volts;  the  values  varied  as  the 
voltage  was  raised,  and  the  icicles  began  to  melt  and  stream.  The 
spray  of  water  which  was  kept  playing  on  the  switch  kept  the  ice 
wet  so  that  the  combination  of  ice  formation,  thawing  icicles,  and 
Steady  water  drizzle  was  probably  equal  to  the  worst  conditions. 
That  air  break  pole  top  switches  as  shown  in  Figs.  21  and  22  will 
operate  under  these  conditions,  is  a  good  indication  that  they  can 
be  considered  reliable  for  outdoor  sub-station  service. 

In  this  paper  only  a  few  of  the  dififerent  types  of  stations  in 
commercial  service  have  been  shown,  but  many  others  are  in  dailv 


Fig.  17— Oscillogram  Record  of  66,000- Volt  Short  Circuit  Test 


Fig.  IS— Oscillogram  Record  of  Second  66,000-Volt  Test 


operation  under  widely  varying  climatic  conditions.  In  general, 
the  requirements  of  equipment  are  that  the  transformers  be  abso- 
lutely weatherproof,  preventing  entrance  of  moisture,  and  that  the 
switching  and  protective  gear  be  simple  in  design,  effective,  easily 
installed  and  have  a  low  maintenance  cost.  The  general  tendency 
today  is  to  use  an  air  break  switch  capable  of  opening  loaded  cir- 
cuits, a  suitable  fuse,  discharging  horn  gaps,  and  a  choke  coil  or 
inductance  so  located  as  to  reflect  excess  potentials  to  the  gaps 
where  they  can  be  discharged. 
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Fig.  1',). — Ice  Test  on  Pole  Top  Switch   (End  View — Open  Position") 


l•'i.L,^  :.'()— ice    I'est  nn   T'nle  T.ip  Switcli   (Side   \'ie\v — Closed  Position) 


Same  as  V'm.  20.     Switcli  After  Opening. 
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In  closing,  it  can  safely  be  predicted  that  the  next  two  years 
will  witness  even  a  greater  development  in  the  design  and  use  of 
outdoor  sub-stations  than  has  taken  place  in  the  past  two  years,  so 
that  central  station  managers  will  be  in  a  position  to  take  on  a  large 
class  of  rural  consumers  heretofore  regarded  as  undesirable. 

The  illustrations  accompanying  this  paper  have  been  furnished 
by  various  central  station  and  consulting  engineers  who  have  fol- 
lowed high  tension  development,  and  the  writer  desires  to  take 
this  opportunity  of  extending  especial  thanks  to  the  following: 


Fig.     21— Modern     33,000-Volt     Pole 
Top  Switch  (Open  Position) 


Fig-_  22— Three   Pole  33,000-Volt 
Switch    (Closed  Position) 


J.  C.  Gapen,  A.  Herz,  A.  Alsaker,  and  C.  W.  Seibel,  Public 
Service  Co.  of  Northern  111. 

O.  Wingard,  Illinois  Nortiiern  Utilities  Co. 

J.  O.  Hardin,  Georgia  Railway  &  Light  Co. 

E.  S.  Hight,  Illinois  Traction  System. 

M.  J.  Musser,  Central  111.  Public  Service  Co. 

N.  M.  Argabrite  &  C.  G.  Smith,  Indiana  Gen.  Service  Co. 

Chas.  Hahn,  Northern  111.  Light  &  Traction  Co. 

H.  C.  Sterling,  Constantine  Hydraulic  Co. 

Sargent  and  Lundy,  Chicago. 

H.  M.  Byllesby  &  Co.,  Chicago. 

Stone  &  Webster,  Keokuk,  Iowa. 
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DISCUSSION'. 

R.  F.  Schucliardt,  m.  w.  s.  e.  (Chairman)  :  These  installations 
that  Mr.  Young  has  told  us  about  are  very  interesting,  indeed, 
especially  when  we  remember  that  they  represent  a  development 
dating  back  only  a  year  or  so.  Some  years  ago  almost  any  big 
transformer  on  a  little  platform  with  outdoor  switches  out  in  the 
country  was  called  an  outdoor  sub-station.  We  find  from  the  pic- 
tures shown  us  tonight  that  the  modern  outdoor  sub-station  in 
many  cases  requires  as  much  real  designing  talent  as  many  of  the  in- 
door type  in  the  larger  cities.  A  particular  feature  that  appeals  to 
anyone  who  has  to  do  with  sub-station  installations,  is  the  ease  of 
standardization,  which  of  course  also  helps  to  reduce  the  cost.  You 
are  not  hampered  by  limitations  of  dimensions  out  in  the  open. 
After  you  have  designed  your  standard  installations  for  various 
conditions,  you  need  only  determine  the  capacity  required  and 
quality  of  service  needed  for  any  business  in  a  new  location  and 
then  go  to  your  files  for  a  complete  set  of  ready  drawings  of  t"he 
mstallation  to  be  put  in. 

One  might  think  from  these  pictures  that  such  outdoor  stations 
are  limited  to  the  open  country,  but  we  read  in  a  recent  number  of 
the  Electrical  World  of  a  very  interesting  outdoor  sub-station  just 
completed  in  that  "Chicago  of  the  South,"  Atlanta,  Georgia. 

The  subject  is  now  open  for  general  discussion. 

O.  Win  gar  d :  I  would  like  to  know  if  anybody  has  had  ex- 
perience with  the  use  of  resistance  connected  between  the  horn 
gaps  and  ground  of  sub-stations. 

Mr.  Young:  Last  summer,  while  I  was  in  Iowa,  the  ques- 
tion came  up  of  interrupted  service  due  to  the  discharge  at  the 
horn  gap.  In  this  particular  installation  the  horn  gap  was  located 
ahead  of  the  fuse,  so  that  any  disturl>ancc  caused  by  current  flow 
to  ground  would  spread  to  the  main  system.  I  suggested  that  some 
form  of  a  resistance  in  the  ground  circuit  was  necessary  with  that 
type  of  equipment,  and  found  that  Mr.  Dravelle,  the  engineer  in 
charge  of  operation,  had  designed  a  special  type  of  water  resistance. 
This  resistance  consisted  of  two  ordinary  jars  or  crocks  holding 
about  ten  gallons  of  water  each,  in  which  were  placed  two  elec- 
trodes, this  being  a  single  phase  installation.  With  this  form  of 
resistance  the  horns  have  been  set  a  little  closer  than  usual  and 
have  frequently  discharged  ;  but  in  place  of  a  vivid  yellowish  flame, 
characteristic  of  the  earlier  discharges,  the  flame  became  more 
violet  or  bluish  in  color.  So  far  as  I  know,  there  has  been  no 
communication  of  local  disturbance  back  to  the  station  '^ince  the 
installation  of  the  water  resistance  in  the  ground  circuit. 

With  water  resistance  of  this  type  it  is  necessary  to  place  oil 
on  the  top  of  the  water  to  prevent  evaporation.  During  the  winter 
time  it  will  he  necessary  to  draw  off  the  water  and  reset  the  gaps 
a  little  wider  apart  t<i  take  care  of  surges,  hut  setting  the  gaps  to  the 
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original  spacing  in  the  summer  when  the  resistance  is  again  put 
in  service. 

This  is  the  only  case  I  know  of  where  this  particular  type  of 
resistance  has  been  used.  In  some  cases  I  have  used  special  moulded 
resistance  sticks  on  a  27,000  volt  25  cycle  line,  but  found  that 
they  have  invariably  blown  to  pieces.  In  Canada  I  saw  some  Sie- 
mens resistances  consisting  of  wire  mounted  in  suitable  form  and 
immersed  in  oil ;  the  tanks  looked  quite  similar  to  those  used  for 
transformers.  It  is  claimed  that  these  resistances  have  limited  the 
fiow  of  current  to  ground,  and  while  quite  successful  they  are  very 
expensive. 

E.  W.  Allen,  m.  w.  s.  e.  :  I  have  had  no  experience  with  out- 
door sub-stations,  but  would  ask  Mr.  Young  what  setting  he  se- 
lected for  his  horn  gaps.  For  example,  on  a  delta  system  of  11,000 
volts,  between  phases  approximately  what  spacing  is  selected  at 
19,100  volts  or  twice  the  delta  voltage? 

Mr.  Young:  Our  experience  so  far  has  been  with  the  closed 
delta  system.  It  is  the  practice  in  outdoor  sub-stations  to  set  the 
gap  at  approximately  twice  the  insulation  strength  of  the  trans- 
formers. For  example,  a  transformer  wound  for  33,000  volts  will 
certainly  withstand  66,000  volts.  In  such  a  case  set  the  gaps  to 
discharge  at  approximately  55,000  volts.  Such  gap  setting  has  been 
working  very  satisfactorily. 

Mr.  Allen:  Upon  a  closed  delta  system,  if  one  phase  arced 
over,  would  the  other  two  go  over? 

Mr.  Young:     Yes,  as  a  rule  they  would. 

L.  L.  Perry  (with  Sargent  &  Lundy)  :  Mr.  Young  touched 
upon  the  freezing  of  the  switches.  It  is  as  important  that  a  sub- 
station be  built  which  will  not  freeze  up,  as  it  is  that  a  sub-station 
be  built  which  will  not  burn  down.  We  all  know  how  fires  are 
likely  to  start  cut  in  the  country  in  the  grass,  in  the  brush,  and  in 
various  other  ways.  If  we  build  a  steel  structure  we  know  it  will 
not  burn  down,  and  the  cost  of  a  steel  frame  is  not  much  greater, 
if  any,  than  that  of  the  wooden  frame. 

Another  advantage  of  the  steel  frame  is  that'  it  can  be  torn 
down  and  rebuilt  with  practically  no  loss  to  its  value,  while  with 
a  wooden  structure  the  value  after  being  rebuilt  is  materially  im- 
paired. This  is  an  important  point  in  connection  with  such  sub- 
stations as  are  of  a  temporary  character. 

Another  point  which  should  be  taken  into  account  is  the  diffi- 
culty of  transportation.  Many  of  these  small  sub-stations  are  built 
ten  or  twelve  miles  from  a  railroad.  In  Illinois  they  may  have  to 
be  built  at  points  where  the  material  must  be  transported  over 
very  poor  roads,  and  in  the  early  spring,  when  the  mud  is  about 
four  feet  deep,  the  transportation  is  exceedingly  difficult.  Under 
such  conditions  we  can  appreciate  that  we  do  not  want  to  get  our 
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weights  too  heavy,  and  that  is  a  point  that  bears  on  the  selection 
of  single-phase  transformers  as  compared  with  the  three-phase 
type.  Assume,  for  instance,  that  we  have  a  sub-station  15  or  20 
miles  from  a  good  repair  man  or,  say,  from  our  source  of  supplies, 
and  a  three-phase  transformer  that  weighs,  say,  three  tons,  burns 
out.  There  will  be  considerable  difficulty  in  the  way  of  transporta- 
tion to  replace  that  transformer,  and  during  the  time  this  replace- 
ment is  being  made,  probably  all  the  lights  and  power  in  town 
are  out  of  commission.  Consequently,  there  are  some  advantages 
in  using  single-phase  transformers  because  one  burnout  will  per- 
haps only  reduce  the  capacity  to  about  one-third ;  and  two  burnouts 
may  still  leave  a  lighting  transformer  to  supply  lights  pending  the 
transportation  of  an  emergency  transformer  over  some  of  these 
Illinois  roads. 

Mr.  Schuchardt:  Mr.  Perry  would  go  us  one  better.  Instead 
of  going  to  the  file  and  drawing  out  a  blue  print  and  sending  the 
men  to  install  the  apparatus,  he  would  take  the  sub-station  off  the 
shelf,  which  would  be  quicker. 

VVm.  B.  Jackson,  m.  w.  s.  e.  :  I  am  glad  that  Mr.  Young  con- 
sented to  prepare  and  present  this  paper,  for  it  is  on  an  extremely 
timely  topic  and  by  a  man  well  qualified  to  discuss  it  both  on  ac- 
count of  study  and  experience. 

The  outdoor  sub-station  has  already  become  an  important  fac- 
tor in  our  electrical  transinission  and  distribution  systems,  and  it 
seems  to  me  that  only  a  mere  beginning  has  yet  been  made  in  the 
line  of  its  possible  development.  It  is  difficult  to  say  what  is 
likely  to  be  the  ultimate  development  of  such  sub-stations,  but  it 
is  probably  safe  to  predict  that  the  development  will,  as  in  the 
l)ast.  be  along  lines  of  more  or  less  gradual  evolution,  and  where 
such  is  the  condition  the  development  is  likely  to  be  large  and  sure. 

I  will  relate  an  interesting  pro])hecy  regarding  outdoor  sub- 
stations which  occurred  about  eleven  years  ago.  T  was  inspecting 
the  transmission  lines  of  the  Bay  Counties  Electric  Company,  ac- 
companied by  one  of  the  company's  engineers,  and  we  arrived  at 
a  sizable  temporary  sub-station,  the  equipment  of  which  was  en- 
closed only  by  the  corner  posts  and  roof  stringers  of  the  sheet  iron 
building  that  was  to  cover  it.  This  was  entirely  feasible,  as  it 
was  then  the  dry  season.  When  we  reached  this  sub-station  my 
companion  remarked  that,  in  his  opinion  it  would  not  be  many 
years  before  substantially  all  of  their  sub-stations  would  be  con- 
structed for  regular  operation  out  in  the  open.  This  was  not  so 
long  a  flight  of  the  imagination  for  one  living  on  the  Pacific  Coast 
as  it  would  have  been  for  one  living  in  our  eastern  cities,  but 
eleven  years  ago  it  was  a  pretty  good  flight  even  there. 

H.  B.  Gear,  m.  w.  s.  r.  :  Mr.  Jackson  has  described  my  posi- 
tion exactly.  Tt  is  more  or  less  that  of  one  who  sits  and  watches 
the  procession  go  by  rather  than  one  who  mixes  with  the  crowd.     T 
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believe  that  the  work  which  is  being  done  in  connection  with  the 
development  of  outdoor  sub-stations  is  of  very  great  value  to  the 
development  of  the  industry  as  a  whole.  The  abilitv  to  make  aggre- 
gations of  small  central  stations  into  one  large  system  is  very 
largely  made  possible  through  the  development  of  this  outdoor 
apparatus.  The  towns  which  are  picked  up  on  these  lines  are 
ahnost  all  less  than  100  kw.,  a  great  many  of  them  less  than  50  kw.. 
and  as  a  pioneering  proposition  an  outdoor  installation  is  prac- 
tically the  only  sort  which  is  a  commercial  possibility.  These  trans- 
mission lines,  such  as  those  of  the  Illinois  Northern  Utilities  Co. 
and  the  Public  Service  Co..  which  stretch  out  over  50  or  60  miles 
at  33,000  volts  and  pick  up  a  town  here  and  a  town  there,  would 
have  been  impossible  ten  or  twelve  years  ago,  because  the  appa- 
ratus with  which  to  connect  up  these  towns  and  take  them  on  was 
not  available.  The  expense  of  buildings  and  apparatus  would  make 
it  commercially  impossible  to  give  service  in  many  of  the  towns 
through  which  these  lines  go. 

The  development  of  outdoor  types  of  switches  to  handle  these 
things,  together  with  choke  coils,  air  gaps,  etc.,  and  the  develop- 
ment of  types  of  outdoor  fuses  which  will  take  care  of  considerable 
amounts  of  load  at  high  voltages,  are  two  of  the  most  important 
factors  in  the  development  of  this  art.  Of  course,  the  eqtiipment 
of  transformers  with  outdoor  terminals  and  the  development  more 
recently  of  outdoor  types  of  regulators  for  street  lighting  and  for 
other  service  have  contributed  their  share. 

Looking  ahead,  the  field  for  the  outdoor  automatic  regulator 
is  a  large  one.  In  many  of  these  places  it  would  be  impossible  for 
good  commercial  regulation  to  be  given  for  lighting  service,  and 
as  the  load  conditions  wall  vary  from  hotir  to  hour  during  the  day 
on  the  main  transmission  line  where  there  are  large  units  of  power, 
like  coal  mines  and  other  large  industrial  service,  it  will  be  neces- 
sary to  have  larger  sizes  and  larger  installations  of  potential  regu- 
lators  automatically  operated  in  the  open.  There  are  some  places 
in  the  outlying  parts  of  Chicago  where  these  automatic  regulators 
would  contribute  toward  a  better  service,  because  some  of  the  dis- 
tribution is  of  a  suburban  character  even  within  the  city  limits.. 

I  think  that  the  paper  of  the  evening  marks  a  distinct  line 
of  progress  in  the  development  of  distribution  engineering. 

James  R.  Cravath,  m.  w.  s.  e.  :  Last  year  I  had  occasion  to 
]jut  up  a  small  sub-station  which  was  intended  originally  to  be  all 
indoors.  Before  I  got  very  far  I  concluded  that  I  could  reduce 
the  fire  risk  and  also  the  cost  by  putting  the  transformers  outdoors, 
and  the  switchboard  and  regulating  apparatus  indoors.  That  was 
before  the  development  of  any  outdoor  regulators.  The  result  was 
satisfactory. 

L.  N'.  Boisen  fwitli  Central  Illinois  Utilities  Co.)  :  In  a  town 
having  300  inhabitants  we  get  a  revenue  from  street  lighting  of 
S900.00  per  year,  and  there  are  fifty  customers  and  two  grain  ele- 
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vators  connected  on  two  25  k\v.  transformers  outdoors.  If  we  had 
been  obliged  to  put  in  indoor  sub-stations,  we  would  probably  not 
have  taken  that  town  as  a  customer. 

I  think  that  one  very  important  question  in  connection  with 
the  outdoor  sub-station  is  the  fuse  protection,  and  Mr.  Young 
seems  to  be  absolutely  in  favor  of  placing  fuses  between  the  dis- 
charge to  the  ground  and  the  line.  We  have  had  instances  where, 
(luring  a  severe  lightning  storm,  as  high  as  ten  shut-downs  occurred 
from  blown  fuses,  whereas  in  other  sub-stations  where  the  fuses 
had  been  placed  between  the  line  and  the  transformer  only,  leaving 
the  ground  arc  unprotected,  we  had  momentary  interruptions  of 
service,  due  to  lowering  voltage.  The  voltage  being  cut  down 
considerably,  it  would  of  course  throw  a  rather  heavy  momentary 
load  on  the  station.  It  seems  to  me  that  the  choking  efYect  of  the 
line,  and  possibly  the  choking  eflfect  of  the  ground  wire  used  in 
connection  with  it,  limited  to  some  extent  the  power  discharged  in 
the  arc.    We  had  no  serious  trouble  at  the  station  proper. 

The  interruption  of  service  is  something  in  which  all  central 
station  operators  are  interested.  Placing  the  fuse  on  the  trans- 
former side — on  the  line  side  of  the  discharge  to  ground — might 
in  some  cases  mean  a  great  number  of  interruptions  from  one 
lightning  storm.  I  think  some  method  will  be  developed  whereby 
a  system  of  resistances  can  be  placed  in  the  ground  connection.  We 
are  doing  some  experimenting  with  various  forms  of  resistances — 
for  instance,  in  the  form  of  concrete  blocks — and  I  believe  that  some 
satisfactory  development  can  be  made  along  these  lines. 

F.  C.  Van  Etten:  Mr.  Gear,  in  speaking  of  regulating  appa- 
ratus in  connection  with  outdoor  sub-stations,  no  doubt  refers  to 
the  future.  For  the  present,  at  least,  the  primary  object  in  the 
design  for  such  stations  is  to  reduce  the  cost  to  a  minimum,  using 
only  that  equipment  which  is  absolutely  necessary,  which  will  give 
satisfactory  operation,  and  which  can  be  obtained  and  erected  at 
the  very  lowest  cost.  Steel  towers  have  been  seldom  used  simply 
because  wooden  structures  are  cheaper.  In  new  installations  the 
return  on  the  investment  is  often  very  small,  sometimes  there  is 
a  loss,  but  it  occurs  to  me  that  this  loss  could  be  charged,  theoret- 
ically at  least,  as  an  advertising  account,  for  an  existing  line  and 
station  is  one  of  the  best  advertisements  to  attract  the  farmers  and 
people  in  small  towns.  As  the  load  on  the  line  increases,  more 
elaborate  c(|uipmcnt.  including  steel  towers,  regulating  apparatus, 
etc.,  can  be  used.  an<l  the  origin.il  cf|uiiimcnt  can  be  transferred  to 
another  point. 

As  a  specific  instance  showing  that  the  cost  of  the  equipment 
installed  must  be  reduced  as  much  as  possible.  T  will  call  your 
attention  to  the  mounting  of  the  switches  as  shown  this  evening. 
The  single  pole  mounting  of  the  switch  has  become  very  popular 
and  is  much  preferred  to  the  double  pole  arrangement,  simply  be- 
cause the  latter  rcciuires  the  c\tr;i  pole. 
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A  remark  of  the  Cliairman  might  lead  one  to  beheve  that 
there  is  all  out  of  doors  for  the  installation  of  sub-stations.  Look- 
ing about  the  country,  we  see  nothing  but  the  blue  sky  above  us 
and  the  fields  about  us  and  we  ordinarily  think  that  there  is  a  large 
area  upon  which  we  can  spread  a  sub-station,  but  there  are  times 
when  the  space  in  which  a  sub-station  may  be  erected  is  exceed- 
ingly limited.  I  recall  a  plat  lying  between  two  railroad  right-of- 
ways  which  converged  at  an  angle  of  about  30  degrees,  the  base 
of  this  triangular  piece  of  ground  being  about  15  ft.  long.  Upon 
this  plat  it  was  necessary  to  install  a  station  with  a  capacity  of 
three  100  kw.  and  three  75  kw.  transformers,  as  well  as  provide 
for  a  33,000  volt  incoming  line  and  two  outgoing  lines — one  6,600 
volt  line  in  one  direction  and  one  2,200  volt  line  in  the  opposite 
direction.  In  other  instances  where  transmission  lines  are  built 
just  inside  of  railroad  right-of-ways,  the  poles  for  the  sub-station 
must  be  placed  in  a  line  and  the  complete  installation  arranged  so 
that  it  does  not  project  over  the  farmer's  land. 

Dr.  M.  G.  Lloyd:  One  question  occurred  to  me  while  I  was 
looking  at  the  lantern  slide  views,  which  I  should  like  to  bring 
up.  It  refers  to  the  view  of  the  case  where  the  fuse  was  con- 
nected between  the  gap  of  the  horn  gap  and  the  ground.  These 
fuses  have  a  structure  in  the  form  of  a  spiral  spring  or  coil  inside 
a  glass  tube,  and  I  was  wondering  whether  the  impedance  of  the 
fuse  itself  in  that  position  might  be  objectionable.  I  understand 
there  has  not  been  much  experience  with  that  particular  construc- 
tion. It  occurred  to  me  that  the  impedance  in  that  line  might  tend 
to  prevent  somewhat  the  reduction  quickly  of  a  high  potential  by 
the  gap.  I  do  not  know  just  what  the  value  of  that  impedance  is. 
The  number  of  turns  is  comparable,  probably,  to  the  ordinary  choke 
coil.  The  area  of  the  turns  being  very  small  would  keep  the  im- 
pedance down,  but  at  such  frequencies  as  we  have  in  the  lightning 
discharge  I  should  think  that  the  impedance  might  possibly  be  of 
some  importance  and  make  it  undesirable  on  that  account  to  have 
the  fuses  on  that  side  of  the  gap. 

Mr.  Young:  I  should  have  described  the  fuse.  The  coil  is 
shunted  hy  a  flexible  wire  or  cable  so  the  condition  cited  would 
not  occur. 

Mr.  Wingard:  Would  it  be  advisable  to  have  a  fuse  placed  on 
the  station  side  of  the  choke  coils  instead  of  on  the  line  side? 

Mr.  Young:  That  is  a  point  about  which  I  know  very  little. 
Sometime  ago  at  an  installation  where  Mr.  Wingard  had  the  fuse 
on  the  line  side  of  the  choke  coil  I  suggested  that  it  be  placed  on 
the  transformer  side.  He  asked  me  why,  and  I  told  him  for  the 
reason  that  last  year  on  one  system  where  fuses  were  installed 
ahead  of  the  choke  coils,  there  seemed  to  be  more  trouble  due  to 
blowing  than  when  the  fuses  were  behind  the  coil. 

D.  W.  Roper,  m.  w.  s.  e.  :  I  would  like  to  inquire  if  sleet 
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collects  on  the  switches  to  such  an  extent  as  to  interfere  with  their 
operation.  Suppose  you  want  to  open  or  close  a  switch  or  do  some- 
thing with  it;  would  the  ice  bother  you  in  the  operation  o£  the 
switch  ? 

Mr.  Young:  That  is  a  point  which  1  wish  especially  to  make 
clear,  as  it  is  found  that  in  spite  of  ice  and  icicles  the  switches 
will  open.  This  action  is  due  simply  to  the  shearing  and  bending 
action  of  the  flat  underwipe  contacts.  The  same  action  can  be 
observed  with  any  flat  surface  coated  with  ice.  By  giving  it  a 
little  rap  with  a  hammer  or  a  stick  the  sleet  will  rattle  off.  The 
same  action  occurs  at  the  auxiliary  contacts  or  arcing  hours.  When 
moved  they  bend,  and  the  ice  rattles  off,  and  as  the  underwipe  con- 
tacts go  into  position  they  strike  the  icicles  at  the  base  and  shear 
them  off.  The  main  contacts  are  also  flexible,  being  made  of  flat 
phosphor  bronze  spring.  A  good  way  to  demonstrate  the  action  of 
this  type  of  contact  is  to  take  a  piece  of  phosphor  bronze  and  form 
ice  on  it.  Then  on  bending  it  you  will  find  the  ice  rattles  off. 
That  is  the  way  the  switch  operates,  and  you  can  close  and  open  it 
under  severe  ice  conditions. 

Mr.  Schuchardt:  I  think  we  all  appreciate  the  importance  of 
the  subject,  and  also  the  opportunity  we  have  had  tonight  of  learn- 
ing the  present  status  of  this  subject. 
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JAMES  WHITING  JOHNSON,  M.  W.  S.  E., 
Died  January  14,  1913. 

James  Whiting  Johnson,  Manager  of  the  Chicago  District  of 
the  General  Electric  Company,  died  of  pneumonia,  at  his  home  in 
Hyde  Park,  Chicago,  on  Tuesday,  January  14,  1913,  after  a  short 
illness. 

Mr.  Johnson  was  born  in  Waverly,  N.  Y.,  December  3,  1862, 
and  was  the  son  of  the  Rev.  David  S.  Johnson,  for  many  years 
Pastor  of  the  Hyde  Park  Presbyterian  Church.  Since  his  boyhood 
Mr.  Johnson  has  lived  in  Chicago  and  was  a  student  at  the  Hyde 
Park  High  School.  In  1878  he  began  his  business  career  in  the 
employ  of  the  Bell  Telephone  Company,  and  remained  v/ith  that 
company  and  its  successor,  the  Chicago  Telephone  Company,  until 
1885.  For  two  years  thereafter  he  was  managing  partner  of  the 
firm  of  Johnson,  Holland  &  Company,  which  was  formed  to  ex- 
ploit the  storage  battery  business.  In  1887  Mr.  Johnson  became 
Manager  of  the  Northwestern  Electric  Accumulator  Company; 
and  a  year  later  he  entered  the  Chicago  Office  of  the  Thomson- 
Houston  Electric  Company  as  a  salesman.  With  this  company  and 
its  successor,  the  General  Electric  Company,  he  was  connected  until 
the  time  of  his  death,  with  the  exception  of  a  period  of  about  three 
years,  when  he  was  Western  Agent  for  the  United  States  Fire  & 
Police  Telegraph  Company  of  Boston. 

In  the  early  days  he  was  Manager  of  the  Isolated  Plant  Depart- 
ment of  the  Thomson-Houston  company,  and  later  was  success- 
ively Chicago  Manager  of  the  Lighting  Department  and  of  the 
Power  &  Mining  Department  of  the  General  Electric  Company. 
In  1905  he  was  made  Assistant  Manager  of  the  Chicago  Office,  and 
since  May,  1908,  when  Mr.  B.  E.  Sunny  resigned  to  become  Presi- 
dent of  the  Chicago  Telephone  Company,  he  had  been  District 
Manager. 

Mr.  Johnson  was  a  dignified,  quiet  man  of  great  business  in- 
telligence, a  painstaking,  untiring  worker,  and  appreciative  em- 
ployer, a  faithful  friend  and  a  highly  respected  and  just  executive, 
whose  loss  will  be  most  keenly  felt  by  his  friends  and  associates 
in  the  business  world. 

He  was  a  member  of  the  Union  League,  the  Chicago  Automo- 
bile, the  Mid  Day  and  the  Homewood  Country  clubs  in  Chicago, 
and  of  the  Mohawk  Club  in  Schenectady,  N.  Y.  He  was  also  a 
member  of  the  Western  Society  of  Engineers  and  of  the  American 
Institute  of  Electrical  Engineers. 

Memoir  prepared  by  E.  W.  Allen  and  P.  Junkersfeld,  Committee. 
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Minutes  of  the  Meetings. 

Regular  Meeting,  February  2,  1914. 

A  regular  meeting  of  the  Society  (No.  849)  was  held  February  2,  1914. 
The  meeting  was  called  to  order  at  8:10  p.  m.,  by  President  Lee,  with  about 
130  members  and  guests  in  attendance.  The  Secretary  reported  from  the 
Board  of  Direction,  that  applications  for  admittance  to  the  Society  or  for 
transfer  had  been  received  from  the  following: 

Harold  P.  Weaver,  Chicago,  transfer. 

Earle  C.  Hazlett,  Los  Angeles,  California. 

Barnabas  Schreiner,  Oskaloosa,  Iowa,  transfer. 

Elmer  Lawrence  Andrews,  Montpelier,  Indiana. 

Royal  Heber  Drummond,  Fargo,  North  Dakota. 

William  O.  Lichtner,  Newton  Highlands,  Mass. 

Herbert  Edson  Hudson,  Chicago. 

Isaac  Van  Trump,  Chicago. 

William  Hiram  Fursman,  Henryetta,  Oklahoma. 

Henry  Ericsson,  Chicago. 

Arnold  N.   Lurie,  Chicago,  transfer. 

Frederick  T.  Snyder,  Chicago. 

Henry  J.  Kaufman,  Chicago. 

There  being  no  other  business,  Mr.  E.  J.  Mehren,  editor  of  the  Engineer- 
ing Record,  New  York,  was  introduced,  who  addressed  the  meeting  on  "The 
Making  of  a  Technical  Paper."  This  was  illustrated  with  some  lantern 
slides  and  some  copper  and  zinc  engravings,  such  as  are  used  in  printing  a 
paper. 

A  social  time  followed  the  presentation  of  the  paper. 

Meeting  adjourned  about  10:30  p.  m. 

Extra  Meeting,  February  9,  1914. 

An  extra  meeting  of  the  Society  (No.  850),  a  meeting  of  the  Bridge 
and  Structural  Section,  was  held  Monday  evening,  February  9,  1914.  The 
meeting  was  called  to  order  at  8  :05  p.  m.,  by  Mr.  J.  H.  Prior,  chairman  of 
the  section,  with  about  100  members  and  guests  in  attendance.  Mr.  Ernest 
McCullough  was  introduced,  who  presented  his  paper,  which  had  been  printed 
in  advance,  on  reinforced  concrete  columns.  Discussion  of  the  subject  fol- 
lowed in  which  Messrs.  F.  E.  Davidson,  T.  L.  Condron,  J.  H.  Prior,  W.  E 
Ramsey,  W.  A.  Hoyt,  H.  S.  Shimizu,  J.  L.  McConnell,  F.  H.  Wright  and 
F.  G.  Vent,  took  part.  Mr.  Condron  read  his  discussion  of  the  subject,  and 
Mr.  McCullough  read  a  contribution  from  Mr.  Godfrey  of  Pittsburgh. 

The  meeting  adjourned  at  10:15  p.  m. 

Extra  Meeting,  February  j6,  1914. 

An  extra  meeting  of  the  Society  (No.  851)  was  held  Monday  evening, 
February  16,  1914.  The  meeting  was  called  to  order  about  8:15  p.  m.,  when 
the  President  introduced  Dr.  Patrick  S.  O'Donnell,  who  addressed  the  meet- 
ing on  Radium.  There  was  an  exhibition  of  $25,000  worth  of  bromide  of 
radium,  and  sundry  optical  and  physical  experiments  were  made  in  illustra- 
tion of  the  subject.    Also  a  number  of  stereopticon  views  were  shown. 

Dr.  J.  Rawson  Pennington  followed  with  further  remarks  on  the  sub- 
ject. Meeting  adjourned  about  9:45  p.  m.  There  were  over  200  in  attend- 
ance at  this  meeting. 

Extra  Meeting.  February  23,  1914. 

An  extra  meeting  of  the  Society  (No.  852),  a  joint  meeting  of  the  Elec- 
trical Section,  W.  S.  E.,  and  the  Chicago  Section.  A.  T.  E.  E.,  was  held  Mon- 
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day  evening,  February  23,  1914.  The  meeting  was  called  to  order  at  8 :25 
p.  m.  by  the  chairman,  D.  W.  Roper,  with  about  50  members  and  guests  in 
attendance.  The  chairman  introduced  Mr.  Hill  of  the  G.  E.  Co.,  who  pre- 
sented, with  lantern  slide  illustrations,  a  description  of  "The  Switch  Boards 
for  the  Control  of  the  Panama  Locks."  Afterwards  a  motion  picture  showed 
the  operation  of  the  switch  board.  Some  questions  were  asked  of  details 
of  construction  by  Messrs.  H.  E.  Goldberg,  Geo.  M.  Mayer  and  J.  F.  Hay- 
ford.  A  vote  of  thanks  was  returned  Mr.  Hill  for  his  address. 
Meeting  adjourned  at  9  :55  p.  m. 

BOOKIREVIEWS 

The  Books  Reviewed  Are  in  the  Library  of  This  Society. 

Practical  Alternating  Currents  and  Alternating  Current  Testing.     By 

Charles  F.   Smith,   M.   Sc,   M.  I.  E.  E.;  Assoc.  M.  Inst.   C.  E. ;  Whit. 

Schol.      The    Scientific    Publishing    Co.,    Manchester,    England.      Cloth, 

5J^x8^  in.;  pp.  398.     Price,  6s,  net. 

The  book  treats  the  various  subjects  from  an  experimental  standpoint 
and  takes  in  all  the  theory  necessary  to  make  the  subjects  easily  compre- 
hended. The  excellent  style  which  the  author  uses  in  treating  the  subjects  by 
employing  simple  and  clear  words  and  well-chosen  methods  accompanied  by 
Vector  diagrams  and  curves  obtained  from  actual  tests  of  the  apparatus 
treated,  assist  the  reader  materially  in  understanding  the  subjects  thor- 
oughly and  convey  concrete  ideas  of  the  principles  of  alternating  currents 
and  characteristics  of  alternating  current  machinery.  The  thorough  and 
detail  explanations  used  make  the  book  a  valuable  one  to  the  student  desiring 
knowledge  along  the  subjects  covered  therein  and  also  valuable  to  the  prac- 
tical engineer  as  a  reference  book. 

In  conclusion,  the  reviewer  wishes  to  call  attention  to  the  term  "apparent 
ohms"  used  frequently  by  the  author.  Since  impedance  affects  alternating 
current  in  a  manner  similar  to  that  of  resistance  in  direct  currents,  impedance 
may  be  correctly  called  "apparent  resistance."  However,  as  impedance  is 
actually  measured  in  ohms,  the  same  as  resistance,  correctness  of  the  term 
"apparent  ohms"  in  referring  to  impedance  appears,  therefore,  somewhat 
questionable. 

The  third  edition  of  this  book  was  reviewed  in  the  June,  1910,  issue  of 
our  journal,  page  427.  C.  J.  H. 

Suspension   Bridges   and   Cantilevers,   Their   Economic   Proportions  and 

Limiting  Spans.    By  D.  B.  Steinman,  C.  E.,  Ph.  D.,  Professor  of  Civil 

Engineering,   University  of  Idaho.     D.  Van   Nostrand   Co.,   New  York. 

1913.    Boards :  3J/^x6  in. ;  pp.  185.    Price,  50c. 

This  little  book  is  presented  in  the  nature  of  an  investigation  by  the 
author,  of  the  economic  proportions  and  limiting  lengths  of  span  for  the 
longer  typesof  bridges  with  which  the  bridge  engineer  may  come  into  con- 
tact, the  revised  edition  drawing  sharp  distinction  between  the  theoretic  and 
practical  limits. 

The  author  presents,  in  a  clear  and  concise  manner,  much  valuable  data, 
such  as  formulas  for  weights,  cost,  etc.,  together  with  notable  examples  of 
existing  structures. 

His  theoretic  and  practical  discussion  of  the  best  economic  selection  of 
the  type  of  bridge  best  suited  for  the  place  supplies  a  longfelt  want. 

F.  G.  V. 
American  Railroad  Economics.     A   text-book   for  investors   and  students. 

By  A.   M.    Sakolski,    Ph.   D.,   New   York.     The   Macmillan   Co.     1913. 

Cloth;  5x7J^  in.;  295  pp.,  including  index.     Price,  $1.25. 

"This  book  is  the  product  of  the  author's  activities  as  an  investment 
analyst  iri  New  York,  and  as  an  instructor  in  Railroad  Finance  at  the  New 
York  University  School  of  Commerce,  Accounts  and  Finance." 

February,  1914 


230  Book  Reviews 

It  is  an  interesting  and  valuable  book,  which  analyzes  the  varied  elements 
of  railroad  business,  and  draws  comparisons  which  are  necessary  for  correct 
judgment.  The  author  does  not  present  a  multitude  of  statistics,  which  may  be 
misleading,  but  submits  various  railroad  data,  as  (1)  those  relating  to  the 
character  of  transportation  facilities,  as  the  physical  features  which  influence 
operations;  (2)  measuring  efficiency  and  economy  of  operations,  as  traffic 
and  rentage  statistics,  expressed  in  proper  terms  and  in  standard  units;  (3) 
the  measuring  of  revenues,  expenses  and  net  earnings;  and  (4)  data  measur- 
ing the  capital  investment  in  relation  to  corporate  resources  and  liabilities. 

The  first  chapter  takes  up  the  subject  of  Railroad  Rates,  the  theory  of 
regulation,  the  factors  of  within  and  without  a  state,  the  effect  of  sectional 
competition,  the  long  and  short  haul,  etc. 

In  the  next  chapter  the  author  takes  up  the  subject  of  railroad  securities, 
capital  stock,  preferred  and  common  stock,  funded  indebtedness,  mortgage 
bonds,  trust  bonds,  income  bonds,  and  short  term  securities.  The  difference 
between  these  several  classes  is  shown,  their  value  and  their  limitations. 

The  Railroad  Systems  of  the  United  States  is  the  subject  of  Chapter  III, 
describing  the  development  of  the  systems  and  their  geographical  location,  as 
the  New  England  systems,  the  Trunk  Line  systems,  the  Southern  systems, 
the  Northwestern  and  the  Southwestern  systems,  and  others.  Traffic  inter- 
change agreements  are  also  considered  in  this  chapter. 

In  Chapter  IV  consideration  is  given  to  economics  of  railroad  construc- 
tion. This  relates  to  investment  basis  of  railroad  construction,  the  nature 
of  the  prospectus,  issued  to  secure  stock  subscriptions,  or  other  funds  from 
the  general  public,  and  must  include  a  statement  of  probable  volume  of 
traffic  which  is  to  bring  in  returns  on  the  investment,  and  it  is  also  dependent 
on  the  rates  to  be  charged.  In  addition  comes  the  selection  of  the  route,  the 
construction  cost  and  the  fundamental  economic  principle  of  modern  railroad 
construction. 

The  Physical  Factors  in  economic  operations,  way  and  structure,  is  the 
subject  of  the  next  chapter.  This  includes  location  with  grades  and  curves, 
roadbed  and  superstructure,  ties,  rails,  and  ballast,  also  bridges  and  trestles, 
tunnels  and  terminals. 

The  next  chapter  gives  consideration  to  rolling  stock  equipment,  as  loco- 
motives and  cars. 

Traffic  Statistics  is  the  subject  of  Chapter  VII;  both  passenger  and 
freight  traffic  are  considered,  with  classification  of  statistics,  the  unit  of 
measurement  of  operating  economy,  as  the  train  mile,  the  car  mile,  etc. 

The  Interstate  Commerce  Commission  has  formulated  a  system  of  rail- 
road accounts,  and  these  are  set  forth  in  Chapter  VIII. 

The  Income  Account  and  Operating  Accounts,  the  Net  Income  and  Its 
Distribution,  and  the  General  Balance  Sheet,  are  the  topics  of  Chapters  IX, 
X  and  XI,  while  the  final  chapter,  XII,  treats  of  Railroad  Capitalization. 

The  book,  as  would  be  expected  from  its  source,  is  more  concerned  with 
the  financial  features  of  railway  business  than  the  more  physical  view  of 
design,  construction  and  operation,  but  none  the  less  it  is  a  valuable  book  for 
an  engineer  to  read  and  consider. 

Power  Plant  Testing.  A  manual  of  testing  engines,  turbines,  boilers, 
pumps,  refrigerating  machinery,  fans,  fuels,  lubricants,  materials  of  con- 
struction, etc.  J.  A.  Moyer.  McGraw-Hill  Book  Co.,  New  York.  1913. 
Clothbound  ;  6x9  in.;  4S6  pp.,  including  index,  manv  illustrations,  tables, 
etc.     Price,  $4.00. 

The  first  edition  of  this  work  is  dated  .'\nn  Arbor,  Mich.,  August,  1911, 
and  was  intended  to  give  in  a  moderate  volume,  but  somewhat  in  detail,  the 
generally  approved  methods  of  testing  engines,  turbines,  boilers,  and  the 
auxiliary  machinery,  usual  to  power  plants.  In  addition  to  this  it  was  found 
desirable  to  add  chapters  on  the  testing  of  fuels,  hydraulic  and  refrigerating 
machinery,  and  other  tests  on  the  strength  of  materials  commonly  used  in 
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building  construction.  As  the  book  was  intended  particularly  for  class  use 
at  the  beginning  of  laboratory  periods,  and  with  a  number  of  different 
experiments  and  tests,  care  was  taken  to  state  clearly  the  apparatus  to  be 
used,  and  the  precautions  to  be  observed  to  secure  accuracy  of  results.  But 
above  all  it  was  desired  that  students  should  learn  to  rely  mostly  on  their 
own  initiative.  A  good  deal  of  the  training  necessary  to  secure  accurate  and 
reliable  work  in  the  observing  and  interpreting  results,  by  the  operator  of 
tests  of  machinery,  is  to  be  familiar  with  adjustment  and  calibration  of 
instruments,  and  this  has  been  developed  so  they  may  be  used  inteUigently. 
The  present  volume,  somewhat  enlarged,  has  been  amplified,  including  the 
addition  of  the  latest  revisions  of  the  standard  code  of  1912  adopted  by  the 
Power  Test  Committee  of  the  American  Society  of  Mechanical  Engineers, 
and  also  in  other  particulars,  to  make  the  book  more  acceptable  to  the 
numerous  engineering  schools,  now  using  this  work  as  a  text  book.  The 
broad  scope  and  comprehensiveness  of  the  first  edition,  though  at  the 
expense  of  completeness  as  a  manual,  made  the  first  edition  attractive  to 
teachers,  but  this  second  edition  has  increased  the  comprehensiveness  and 
without  adding  too  much  detail  bewildering  to  the  student.  To  those  inter- 
ested in  such  research  work  the  book  is  to  be  commended. 

LIBRARY  NOTES 
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THE  NECESSITY  OF  VENTILATION 

By  Meyer  J.  Sturm,  m.  w.  s.  e. 
Presented  December  i^,  ipis. 

The  object  of  this  paper  is  to  treat  the  entire  subject  of  venti- 
lation from  the  standpoint  of  the  necessity  of  ventilation,  rather 
than  to  present  methods  of  ventilation.  In  order  to  do  this  I  will 
give  some  statistics  to  show  that  fresh  air  is  the  most  essential  thing 
in  life. 

What  is  ventilation?  Some  years  ago  this  question  was  put 
to  me  by  the  Health  Commissioner,  and  I  answered,  "Ventilation 
is  fresh  air  and  plenty  of  it."  The  Commissioner  then  said,  "Well, 
if  that  is  ventilation,  how  are  you  going  to  get  it?"  My  reply  was, 
"Open  the  windows,  top  and  bottom." 

That  was  some  years  ago  and  I  thought  then  that  my  replies 
had  fully  covered  the  whole  ground.  I  have  not  changed  my  mind 
on  the  principle,  but  if  that  were  all  there  is  to  ventilation,  I  would 
not  be  here  this  evening.  Only  last  week  the  Chicago  Commission 
on  Ventilation,  of  which  I  am  a  member,  discussed  for  three  hours 
whether  the  open  window  contributed  anything  to  mechanical  ven- 
tilation— whether  it  did  not  retard  such  ventilation — and  expressed 
some  doubt  as  to  the  efficacy  of  changing  the  air  by  direct  means 
when  artificial  means  are  employed. 

Ventilation^  up  to  the  time  of  the  convening  of  the  ventilation 
commission,  was  based  almost  wholly  on  theoretical  values.  Some 
sporadic  experiments  had  been  made  by  individuals,  but  these  were 
on  specific  lines,  more  or  less  along  the  physical,  to  demonstrate 
practically  the  physiological  effect  of  impure  air  due  to  pollution 
from  two  sources, — the  presence  of  CO^  gas,  and  an  unknown  con- 
tributory factor.  It  is  only  recently  that  any  concrete  results  have 
been  obtained,  due  to  the  fact,  in  the  first  place,  that  there  had  been, 
up  to  the  time  of  the  work  of  the  commission,  an  erroneous  hy- 
pothesis upon  which  experiments  were  made ;  and  in  the  second 
place,  because,  even  in  the  light  of  the  rapid  strides  forward,  we 
are  still  at  sea  as  to  what  really  is  the  deleterious  substance  in 
vitiated  air. 

McFie,  in  his  recently  published  work,  Air  and  Health,  says : 
"Air  containing  merely  the  carbon  dioxide  and  moisture 
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usually  contained  in  vitiated  air  will  not  produce  the  eflfect  of 
vitiated  air,  and  vitiated  air,  therefore,  must  contain  an  addi- 
tional constituent.  This  additional  constituent,  though  unde- 
tected by  chemists,  is  probably  detected  by  the  nose,  for  it  is 
well  known  that  air  is  oppressive  and  harmful  not  so  much  in 
proportion  to  the  amount  of  carbon  dioxide  and  moisture  it 
contains  as  in  proportion  to  its  smelliness.  The  very  fact  that 
the  nose  is  so  sensitive  to  such  odors  would  seem  to  suggest 
their  harmfulness." 

Without  doubt  this  unknown  constituent  which  gives  the  ob- 
noxious odor  or  smell  to  bad  air,  such  as  is  evident  in  assemblies, 
most  noticeable  in  warm  rooms  as  in  our  nickel  theaters,  is  a  harm- 
ful factor. 

Permit  me  to  present  to  you,  in  order  to  bring  this  subject 
of  ventilation  before  you  properly,  that  the  ventilation  commission 
has  adopted  as  its  "Confession  of  Faith"  over  fifty  resolutions  per- 
taining \o  various  phases  of  ventilation.  All  of  these  resolutions 
were  adopted  only  after  thorough  experimentation,  and  none  of 
them  are  theoretical.  I  cannot  attempt  to  go  into  all  of  these, 
or  too  minutely  into  any  of  them,  as  each  one  is  a  theme  for  dis- 
cussion. The  commission  has  been  in  existence  almost  four  years 
and  has  been  constantly  Avorking  on  these  resolutions  or  the  ex- 
periments which  led  up  to  their  adoption.  I  can  give  to  you  this 
evening  only  an  outline  of  a  few  of  those  which  will  probably  be 
of  interest  to  you.  Within  a  few  weeks  the  entire  findings  of 
the  commission  will  be  in  print  and  you  will  then  have  available 
the  first  comprehensive  exploitation  of  this  subject.  The  commis- 
sion does  not  claim  that  this  is  the  last  word  on  ventilation  prob- 
lems, but  merely  a  nucleus  or  a  working  basis  for  further  research. 

The  ventilation  commission  is  wholly  voluntary  in  its  char- 
acter, and  among  its  members  are  men  connected  with  the  health 
department.  Dr.  Young  is  chairman  of  the  commission.  Some  of 
the  other  members  are:  Dr.  Vernon  Hill,  head  of  the  ventilating 
division  of  the  Sanitary  Bureau ;  Dr.  Toney,  of  the  municipal  labora- 
tory, and  Dr.  Evans.  Due  to  the  activities  of  these  men,  the  com- 
mission has  been  able  to  make  quite  a  number  of  experiments,  mak- 
ing various  tests  in  theaters  and  assembly  halls.  The  second 
contributory  cause  to  our  success  has  been  the  cooperation  of  the 
Board  of  Education,  which  has  kindly  fitted  up  an  experimental 
station  at  the  Normal  School,  where  we  have  the  high  school  chil- 
dren, under  the  direction  of  Professor  Shepherd,  secretary  of  the 
commission,  who  is  with  us  this  evening. 

The  commission  has  been  hampered  greatly  in  its  work,  due 
to  the  fact  that  it  has. not  had  sufficient  funds  to  set  forth  its  find- 
ings as  it  should.  Through  the  kindness  of  the  associations  which 
are  now  aflPiliated  with  it,  namely,  the  Illinois  Chapter  of  the  Ameri- 
can Society  of  Heating  and  Ventilating  Engineers,  the  Chicago 
Architects'   Business  Association,  and   ihe    Illinois   Chapter  of  the 

Vol.  XIX,  No.  :? 


I 


Sturm — The  Necessity  of  Ventilation  235 

American  Institute  of  Architects,  we  have  been  able  to  get  a  small 
fund  besides  that  which  has  been  contributed  personally  by  mem- 
bers, and  the  findings  will  be  distributed  as  well  as  they  possibly 
can  be  under  the  conditions. 

The  first  resolution  passed  by  the  commission  was  to  the  eflfect 
that  COo  as  encountered  in  ordinary  expired  air  does  not  settle 
out  from  a  mixture  of  air  and  CO..  By  numerous  experiments 
this  has  been  found  to  be  true,  and  in  consequence  thereof  the  en- 
tire theory  of  ventilation  has  been  disproved,  inasmuch  as  all  me- 
chanical ventilation,  up  to  the  time  that  the  commission  gave  out 
this  finding,  has  been  based  upon  the  removal  of  the  COo  from 
the  lower  stratum  of  air  near  the  floor. 

Now,  as  an  architect  and  not  as  a  ventilating  engineer,  I  can 
vouch  for  the  fact  that  up  to  a  year  or  two  years  ago  no  attempt 
was  made  by  architects  or  ventilating  engineers  to  do  anything  but 
remove  that  supposed  or  theoretical  stratum  of  COj  from  the  air 
near  the  floor  in  all  ventilating  systems.  In  other  words,  all  air 
was  brought  in  about  8  ft.  from  the  floor  and  outlets  were  provided 
at  the  floor  for  taking  ofif  the  vitiated  air,  on  the  theory  that  the 
COo  gas  was  at  the  floor  level  waiting  to  be  taken  out ;  the  fresh 
air  was  brought  in  at  the  top  to  force  it  down  and  out. 

As  stated  before,  the  CO2  in  itself  is  not  a  deleterious  sub- 
stance, but  is  an  index  of  the  air  contamination  in  almost  every 
instance.  Therefore  if  the  CO^  does  not  settle  out,  as  has  been 
found  in  actual  practice,  and  10  parts  in  10,000  is  not  deleterious, 
we  have  a  working  hypothesis  which  would  indicate  that  the  other 
deleterious  substances  in  the  expired  air  are  tlie  real  menaces  in 
the  so-called  bad  air.  The  amount  of  CO^  permissible  in  air  can  be 
readily  calculated  when  it  is  understood  that  air  as  encountered  in 
nature  has  four  parts  of  carbon  dioxide. 

Dr.  Vernon  Hill,  of  the  ventilation  commission,  proposes  that 
a  simple  formula  is  one  in  which  6000  is  divided  by  the  cubic  feet 
per  hour  of  the  air  supplied,  and  to  this  4  is  added  as  the  safe 
working  limit  for  the  amount  of  carbon  dioxide  permissible  in  the 
air  in  enclosed  spaces.  For  example,  if  1800  cubic  feet  of  air  per 
hour  per  capita  was  being  supplied  to  a  room,  there  would  be  ap- 
proximately 7^  parts  of  carbon  dioxide  present,  which  would  be 
below  the  maximum  allowed  as  safe  practice. 

I  call  your  attention  to  the  experiments  of  Leonard  Hill  made 
in  London  within  the  last  year,  in  which  he  found  that  there  was 
an  appreciable  diflference  under  the  same  conditions  when  air  was 
without  motion  and  when  in  motion.  To  arrive  at  a  conclusion, 
he  built  an  air-tight  room  with  glass  sides  so  that  he  could  more 
readily  observe  the  subjects  and  in  this  room  he  put  men.  Then 
the  room  was  hermetically  sealed  and  he  introduced  pure  air  with 
varying  quantities  of  carbon  dioxide  gas,  of  the  same  quality  as 
ordinarily  encountered  in  practice,  and  as  near  as  possible  to  that 
as  expired  by  human  beings.  The  air  was  kept  perfectly  quiet  in 
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the  enclosure  under  the  first  experiment.  Under  the  second  experi- 
ment the  air  in  the  room  was  kept  circulating  by  means  of  a  fan, 
and  it  was  found  that,  whereas  in  the  first  experiment  the  effects 
of  the  CO2  g^s,  when  it  reached  above  the  normal  amount  which 
the  man  within  the  enclosure  could  assimilate,  manifestly  more  of 
the  CO2  gas  could  be  introduced  under  the  second  experiment  when 
the  air  was  i<ept  in  motion.  In  other  words,  the  process  of  "fan- 
ning" or  keeping  the  air  currents  moving  within  an  enclosure  with- 
out the  introduction  of  any  fresh  air  was  found  to  make  it  possible 
for  a  human  being  to  assimilate  greater  quantities  of  the  CO,  gas 
than  he  could  if  the  air  were  quiet. 

In  the  first  place,  Mr.  Hill  placed  small  animals  in  a  sealed 
box  having  no  portholes  and  no  ventilating  ducts — just  solid  walls 
of  glass — and  in  these  boxes  he  placed  electric  fans  to  churn  the 
air.    No  fresh  air  could  come  in,  and  no  foul  air  could  get  out. 

While  Mr.  Hill's  experiments  were  not  for  the  primary  pur- 
pose of  showing  that  so-called  ventilation  was  necessary,  the  ex- 
periments did  show  that  it  was  necessary  to  keep  the  air  moving 
in  order  to  keep  it  wholesome.  There  is  no  theory  about  this, 
inasmuch  as  the  temperature  of  the  healthy  human  skin  is  about 
98  deg.  Fahr. ;  the  air  in  touch  with  the  skin  under  the  clothes  is 
about  95  deg. ;  the  temperature  of  the  air  in  the  room  is  usually 
in  the  80's  or  below,  and  seldom  passes  92  deg.  Therefore  the 
fanning  blows  the  hot  air  away  from  the  skin  and  puts  cooler  air 
in  its  place.  Moreover,  fanning  blows  away  chemically  dirty  air 
which  is  shed  by  the  body  waste,  and  replaces  it  with  chemically 
cleaner  air.  For  this  reason  a  drafty  room  is  a  healthy  room,  and 
a  windy  city  is  a  healthy  city. 

Within  a  few  weeks  the  commission  will  conduct  extensive 
experiments  along  these  same  lines.  The  experiments  will  go  some- 
what farther  than  those  of  Leonard  Hill,  inasmuch  as  temperature, 
pulse  and  blood  pressure  conditions  will  be  carefully  noted.  The 
eflfect  of  air  temperature  and  humidity  relatively  under  stable  ami 
varying  conditions  will  also  be  observed. 

Unfortunately,  up  to  the  present  time  no  comprehensive  e.x- 
periments  of  this  kind  have  been  made.  Fortunately,  the  commis- 
sion has  in  its  membership  four  physicians,  so  that  the  physiological 
effects  can  be  very  carefully  noted.  The  experiment  room  will  be 
Ijroportioncd  exactly  to  the  fan  which  is  to  be  used,  and  among 
other  points  to  be  determined  will  be  the  maximum  and  miniminn 
amount  of  air  to  be  supplied,  the  velocity  of  the  air,  the  horse 
power  required,  or  the  electrical  current  consumption  ;  in  fact,  all 
of  the  physiological,  mechanical,  and  economic  data  will  be  col- 
lected in  full. 

The  principal  objection  at  the  present  time  to  mechanical  ven- 
tilation is  the  great  cost  of  maintaining  it  at  its  highest  efficiency. 
In  order  to  do  this  it  has  been  necessary  to  install  apparatus  which 
we  think  would  give,  theoretically,  the  results  required.     The  ex- 
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periments,  therefore,  at  the  present  time  by  the  commission  are 
along  the  lines  of  ascertaining  the  exact  requirements  for  perfect 
ventilation  without  the  necessity  of  the  added  cost  of  getting  posi- 
tive results  by  introducing  larger  amounts  of  air,  and  consequently 
larger  apparatus  and  higher  cost  units  than  are  necessary. 

The  second  important  finding  of  the  commission  v^^as  to  the 
effect  that  relative  humidity  is  one  of  the  most  important  factors 
in  both  heating  and  ventilation.  The  normal  humidity  of  the  ex- 
ternal atmosphere  varies  from  40%  to  75%  saturation,  and  if 
humidity  exceeds  these  limits  to  any  great  extent  the  sensations  ex- 
perienced are  unpleasant.  The  question  of  what  relative  humidity 
should  be  maintained  in  rooms  is  somewhat  unsettled,  and  authori- 
ties differ  in  opinion  on  this  subject,  but  in  actual  experiment  the 
commission  has  found  that  there  are  certain  fixed  standards  be- 
tween temperature  and  humidity. 

Experiments  were  conducted  along  this  line  and  results  ob- 
tained which  were  somewhat  at  variance  with  the  theoretical  knowl- 
edge on  this  subject.  Assuming  that  we  desire  to  maintain  50% 
relative  humidity  at  65  deg.  Fahr.,  then  if  the  outside  temperature 
is  zero  the  corresponding  absolute  humidity  in  outside  air  in  grains 
per  cubic  foot  would  be  0.24,  and  the  relative  humidity  of  air  when 
heated  to  65  deg.  Fahr.  would  be  3.5%,  and  the  grains  of  moisture 
necessary  to  be  added  to  the  grains  per  cubic  foot  to  maintain  50% 
relative  humidity  at  65  deg.  would  be  3.15.  As  the  temperature  of 
the  outside  air  rises,  the  corresponding  absolute  humidity  also 
rises,  as  does  the  relative  humidity,  and  the  number  of  grains  of 
moisture  necessary  to  be  added  naturally  decreases.  That  is  to 
say,  if  the  outside  temperature  is  10  deg.  Fahr.,  and  the  assumed 
relative  humidity  is  50%,  the  corresponding  absolute  humidity  of 
air  when  heated  to  65  deg.  Fahr.  is  8%,  then  the  number  of  grains 
of  moisture  to  be  added  per  cubic  foot  to  maintain  50%  would 
be  3.  If  the  assumed  temperature  of  outside  air  is  50  deg.  Fahr. 
and  the  assumed  relative  humidity  of  outside  air  is  50%,  and  the  cor- 
responding relative  humidity  of  outside  air  in  grains  is  2.04.  then  the 
relative  humidity  of  air,  when  heated  to  65  deg.  Fahr.,  would  be 
3.1,  and  the  number  of  grains  of  moisture  to  be  added  to  maintain 
50%  would  be  only  1.35. 

The  object  of  giving  this  to  you  is  to  show,  if  possible,  that 
there  is  a  relation  between  the  temperature  and  the  humidity.  I 
bring  this  to  your  attention,  inasmuch  as  in  ventilation  (I  am  tak- 
ing it  for  granted  that  you  understand  by  the  term  ventilation, 
artificial  ventilation)  it  is  necessary  to  supply  the  humidity  by  means 
of  the  ventilating  system  to  maintain  the  proper  amount  of  such 
humidity  in  the  room  artificially  heated.  Ventilation  and  heating 
are  two  separate  problems  and  should  be  so  treated  in  ordinary- 
practice,  and  inasmuch  as  the  rooms  are  artificially  heated,  ob- 
viously the  best  method  for  introducing  proper  humidity  would  be 
through  the  air  introduced  into  the  room  through  the  ducts. 
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I  will  not  attempt  to  describe  the  different  methods  of  getting 
proper  humidity,  but  thus  far  the  introduction  of  humidity  in  a 
very  fine  gaseous  form,  such  as  steam,  has  been  found  the  most 
efficient.  In  our  experiments  at  the  Normal  School  in  Chicago  on 
the  temperature  most  suitable  for  the  comfort  and  health  of  the 
pupils,  we  found  that  we  could  lower  the  temperature  considerably 
by  raising  the  humidity  within  certain  limits.  Following  is  a  state- 
ment by  Professor  John  \V.  Shepherd,  a  member  of  the  commis- 
sion, on  this  subject. 

"A  certain  room  was  taken  in  this  school,  24x32,  with  a 

13  foot  ceiling." 

In  the  original  installation,   Professor  Shepherd  states, 

"Air  entered  the  room  at  the  ceiling  in  the  center  of 
the  east  wall.  The  main  air  current  was  across  the  room  from 
the  east  wall  to  west  or  outside  wall,  then  down  the  cold  out- 
side wall  and  back  to  the  outlet  duct  to  the  floor  in  the  east 
wall. 

"The  changes  made  in  the  room  were  as  follows :  First 
tile  outlet  duct  near  the  floor  was  closed,  then  an  air-tight  floor 
laid  18  inches  above  the  regular  floor  of  the  room  and  a  false 
ceiling  hung  about  18  inches  below  the  ceiling.  An  air  shaft 
was  constructed  to  connect  the  inlet  duct  of  the  original  in- 
stallation with  the  air  between  the  floors.  The  outlet  duct  was 
tapped  near  the  ceiling,  connecting  it  with  the  compartment 
between  the  ceiling  and  the  false  ceiling.  Three-inch  circular 
holes  were  cut  through  the  false  floor  and  galvanized  iron  pipes 
fitted  into  these  openings  and  let  into  the  duct  to  within  one 
inch  of  the  bottom  of  the  desks.  Openings  were  also  made 
through  the  false  ceilings  so  that  the  air  delivered  into  the 
room  might  move  on  through  it." 

That  is,  the  floor  was  bored  with  these  3  in.  holes  under  each 
desk  and  the  galvanized  pipes  brought  up  within  1  in.  or  1^  in. 
of  the  bottom  of  the  desk,  so  that  the  air  was  distributed  to  each 
child.  Some  of  these  ducts  were  taken  along  the  top  of  the  desk 
so  that  air  blew  along  the  lines  of  the  hand  and  others  were  tipped 
up  so  that  the  air  blew  into  the  face  of  the  pupil  direct.  This  was 
merely  as  an  experiment  to  see  which  was  most  comfortable  for 
the  pupil. 

It  will  be  noted  that  these  changes  turned  the  operation  of 
the  plenum  system  upside  down.  Instead  of  the  air  entering  at 
the  ccilinc^  and  leaving  near  the  floor,  the  reverse  was  obtained. 
The  reason  for  doing  this  was  for  the  purpose  of  furnishing  a 
positive  distribution  of  air  to  all  pupils  within  the  room  and  to 
take  advantage  of  the  heat  liberated  by  them  in  the  production  of 
upward  movinq:  currents.  Tlie  experiment  was  carried  on  to  ob- 
tain data  on  the  distribution  of  the  amount  of  air  delivered,  and 
the  direction  of  air  current.     It  was  found  that  the  air  distribution 
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to  each  desk  and  the  movement  of  the  air  in  the  room  was  upward 
and  quite  uniformly  so. 

Experiments  were  made  on  the  source  of  contamination  of  the 
expired  air  of  the  pupils,  but  primarily  for  the  purpose  of  deter- 
mining the  general  requirem.ents  of  ventilation  and  especially  to 
determine  the  temperature  and  humidity  in  relation  to  the  com- 
fort of  the  pupils.  The  accepted  theory  was  that  68  to  70  deg. 
is  the  best  temperature  in  a  room,  and  that  70%  of  realtive  hu- 
midity was  the  proper  and  most  desirable  under  the  circumstances. 
Both  of  these  conclusions  were  theoretical.  By  charting  what  was 
known  as  a  comfort  zone,  in  which  different  temperatures  were 
taken  and  the  humidity  at  these  different  temperatures,  and  ascer- 
taining from  the  pupils  when  they  felt  comfortable,  it  was  found 
that  there  was  a  temperature  and  humidity  range  in  which  the  oc- 
cupants of  the  room  were  comfortable  and  a  different  range  gave 
rise  to  what  Professor  Shepherd  called  the  "comfort  zone."  By 
this  term  he  means  to  convey  that 

"There  was  a  maximum  temperature  with  a  minimum  rel- 
ative humidity,  and  a  minimum  temperature  with  a  correspond- 
ing maximum  relative  humidity  between  which  limits  the  occu- 
pants of  the  room  were  comfortable.'' 

In  other  words,  there  seems  to  be  no  best  temperature,  and 
also  no  best  relative  humidity ;  but  the  maximum  temperature  at 
which  one  is  comfortable  will  be  assured  with  a  minimum  relative 
humidity  at  that  temperature,  and  the  minimum  temperature  for 
comfort  must  have  a  maximum  relative  humidity. 

Under  these  conditions  it  was  found  that  a  temperature  of  64 
or  70  deg.  with  a  corresponding  relative  humidity  of  55  to  30% 
seems  to  be  the  limit.  That  is,  the  comfort  zone  was  between  64 
dtg.  temperature  and  55%  humidity  and  70  deg.  temperature  and 
30%  humidity.  Notice  especially  that  with  a  temperature  belov/ 
67  or  68  with  a  proper  relative  humidity  the  pupils  were  better 
able  to  give  attention  to  their  work  than  if  the  conditions  were 
otherwise.  Increased  efficiency  is  what  the  whole  world  is  striving 
for  at  present,  and  if  we  can  get  a  temperature  at  which  we  get 
more  efficiency  and  can  get  it  readily  and  easily  as  by  the  intro- 
duction of  humidity,  I  see  no  reason  why  we  should  not  work  on 
that  basis  and  get  good  ventilation  at  the  same  time. 

The  experiments  even  showed  conclusively  that  with  the  tem- 
perature as  low  as  64  deg.  and  a  relative  humidity  of  47%  an 
almost  ideal  condition  was  created  for  the  majority  of  the  pupils. 
There  are  a  number  of  considerations  to  be  observed  in  ven- 
tilation: namely,  that  all  air  for  this  purpose  should  be  clean  air, 
and  that  the  source  of  the  air  for  ventilation  purposes  should  be 
as  free  from  contamination  as  possible ;  that  in  all  ventilation  work 
the  outside  wall  and  window  chill  is  a  factor  which  cannot  be  over- 
looked, inasmuch  as  both  of  these  create  a  temperature  at  the  floor 
level  which  will  be  several  degrees  lower, — in  fact,  as  much  as 
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6  cleg,  lower,— than  the  breathing  zone  temperature,  and  one  quickly 
perceives  a  feeling  of  discomfort;  not  that  the  room  is  really  cold, 
l)ut  that  at  the  feet  and  ankles,  which  arc  farthest  from  the  heart, 
there  is  a  sense  of  cold  compared  with  the  heat  at  the  breathing 
zone  and  the  result  is  a  feeling  of  discomfort,  or,  as  we  call  it, 
chilliness.  Man's  heart  is  farther  from  his  extremities  than  is  the  case 
of  other  animals.  That  is  the  reason,  to  a  great  extent,  why  the 
feet  get  cold  quicker  than  any  other  part  of  the  body.  The  heart 
is  pumping  blood  to  these  farthest  extremities  and  any  difference 
in  the  temperature  of  the  room  is  much  more  perceptible  at  the 
extremities  than  at  any  other  part  of  the  body,  and  what  we  get  is 
the  psychological  sense  of  discomfort  rather  than  a  real  sense  of 
discomfort.  In  other  words,  if  the  air  at  your  head  was  72  and 
at  your  feet  68  or  66,  and  66  with  the  proper  humidity  at  the  head 
would  be  perfectly  comfortable,  the  contrast  between  the  tempera- 
ture of  72  at  the  head  and  of  66  at  the  feet  would  make  the  feet  feel 
cold  and  give  the  sense  of  chilliness,  because  our  feet  do  chill 
quicker  than  any  other  part  of  the  body.  Besides  that,  we  have 
inured  the  rest  of  our  body  much  more  than  we  have  our  feet.  We 
can  stand  almost  any  change  of  temperature  within  reasonable 
limits  on  our  hands,  but  we  have  always  encased  our  feet  in  im- 
pervious coverings  and  that  makes  them  more  sensitive.  All  air 
for  ventilation  should  be  properly  heated,  properly  cleaned,  and 
properly  humidified. 

With  the  cooperation  of  the  ventilation  division  of  the  Health 
Department  under  the  direction  of  Dr.  Vernon  Hill,  and  the  Mu- 
nicipal Laboratories  under  the  direction  of  Dr.  Toney,  both  mem- 
bers of  the  commission,  it  has  been  possible  to  get  valuable  data  on 
the  subject  of  air  contamination  and  the  necessity  of  ventilation, 
especially  in  our  street  cars  and  m  our  theaters. 

In  the  inspection  of  over  163  theaters  in  the  city  of  Chicago, 
much  of  it  made  under  the  direct  observance  of  the  members  of 
the  commission,  conditions  were  found  which  made  it  possible  for 
the  commission  to  formulate  certain  resolutions  which  have  not 
only  been  embodied  to  a  great  extent  in  the  Chicago  ordinances, 
but  in  the  ordinances  of  other  municipalities  as  part  of  these,  for 
the  ventilation  of  schools  and  theaters. 

The  method  of  procedure  in  theaters  was  interesting.  Cul- 
ture plates  were  made,  the  number  of  dust  particles  in  a  given 
cubic  contents  of  air  were  counted,  and  standard  .Agar  plates  were 
exposed  from  periods  of  five  to  ten  minutes,  as  the  case  might  be. 
The  plates  were  then  developed  to  find  the  numlier  of  bacteria, 
and  to  discover,  if  possible,  what  the  prevailing  germs  were  iti  the 
expired  air.  Necessarily  the  exposures  were  made  for  a  certain 
length  of  time  when  the  theaters  were  empty,  when  an  audience 
was  present,  and  immediately  preceding  the  last  performance  dur- 
ing the  evening.  From  these  bacterial  counts  conclusions  were 
formed  as  to  the  proper  method  of  ventilation,  the  amount  of  air 
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necessary  to  be  delivered  per  person,  the  method  of  delivering  this 
air,  the  temperature,  and  the  best  construction  for  theaters,  to  se- 
cure good  ventilation. 

Some  of  the  things  to  be  considered  are  that  the  theater  should 
be  an  air-tight  box  to  all  intents  and  purposes;  that  certain  quan- 
tities of  air  should  be  delivered,  and  certain  quantities  of  air  should 
be  taken  out.  Taking  the  velocity  and  amount  of  air  delivered  at 
the  inlet  ducts,  and  the  cubic  contents  of  the  theater,  it  is  a  simple 
matter  to  compute  the  number  of  cubic  feet  per  hour  per  person 
which  is  being  delivered,  and  from  the  counts  on  the  plates  and 
the  general  conditions  existing  when  one  comes  from  the  outside 
air  to  the  inside,  it  is  exceedingly  simple  to  get  a  standard  of  good 
ventilation  and  to  base  all  calculations  from  this  point  on  the  badly 
ventilated  theaters.  In  every  instance  where  the  bacteria  count  was 
high,  the  method  of  delivery,  the  amount  of  air  delivered,  the  gen- 
eral cleanliness  of  the  theater,  and  the  method  of  ventilation  were 
found  to  be  closely  allied. 

I  have  taken  data  from  charts  prepared  from  experiments, 
giving  the  number  of  colonies  on  plates  in  17  theaters  in  which 
the  exposures  were  for  five  and  ten  minutes,  respectively,  and  noted 
the  COn  contents  taken  both  in  poorly  ventilated  and  well  venti- 
lated theaters.  It  is  interesting  to  note  that  of  the  17  theaters  which 
were  poorly  ventilated,  on  the  28  plates  exposed  five  minutes  there 
was  an  average  bacterial  count  of  60.78,  and  that  on  24  such  plates, 
exposed  ten  minutes,  there  was  an  average  of  102.68,  and  the  COg 
contents  averaged  on  12  samples  analyzed  20.58  parts.  Please  note 
the  exact  relationship  between  the  CO,  and  the  bacterial  count  here. 
In  the  well  ventilated  theaters  on  the  five-minute  plates,  there 
being  11  such  plates,  the  average  bacterial  count  was  only  10.9. 
On  the  ten-minute  plates,  there  being  6  such  exposures,  the  average 
was  only  17.83,  and  in  16  samples  of  air  analyzed  the  CO,  con- 
tents showed  only  10.59,  which  is  practically  within  the  safe  limits 
as  allowed  in  ordinary  practice. 

Relative  to  the  dust  count  in  27  samples  which  were  taken, 
ranging  from  the  roof  of  the  City  Hall  through  a  range  including 
the  council  room,  diflferent  street  cars,  and  the  hurricane  deck  of 
the  steamship  Theodore  Roosevelt  out  three  miles  in  the  lake,  with 
the  exact  temperature  of  each  experiment,  the  relative  humidity  of 
the  air,  the  barometric  pressure,  the  direction  and  velocity  of  wind 
taken  into  account,  and  the  fact  that  during  some  experiments 
it  had  either  rained  the  night  before  or  while  the  experiments  were 
being  made,  we  found  a  variation  at  the  top  of  the  City  Hall  from 
4.580.000  dust  count  per  cubic  foot  to  8.740,000.  In  some  of  our 
street  cars  the  dust  count  per  cubic  foot  was  as  high  as  19,600.000. 
One  experiment  on  the  City  Hall  when  it  had  rained  the  night 
before  and  during  the  taking  of  the  sample  showed  as  low  as  412.000 
dust  count  to  the  cubic  foot — a.  good  example  of  the  efficacy  of  air 
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washing.  (Jf  course,  it  was  air  washing  by  nature,  but  it  was 
air  washing,  nevertheless. 

You  have  often  heard  the  expression,  ''There  is  dust  on  the 
lake."  In  the  experiment  on  the  hurricane  deck  of  the  Theodore 
Roosevelt  with  the  temperature  at  87  deg..  a  relative  humidity  of 
50%,  the  barometric  pressure  29.03,  and  the  wind  only  13  miles 
per  hour  south  (it  was  not  off  shore,  it  was  south),  in  a  20  cubic 
foot  sample  there  were  found  630,000  dust  count  per  cubic  foot, 
due  to  some  extent,  probably,  to  the  fact  that  people  were  walking 
around  the  machine  and  quite  a  bit  of  dust  was  being  stirred  up 
by  them  from  the  deck  and  from  their  clothing. 

I  might  go  on  at  random  with  these  experiments,  especially 
those  on  17  theaters  where  the  data  included  method  of  ventila- 
tion, the  sense  impressions,  the  CO.  contents,  the  place  in  the 
theater  where  the  observation  was  made,  the  exposure  of  the  Agar 
plates,  and  in  some  cases  the  exposure  of  serum  plates,  to  dis- 
cover if  possible  the  prevalence  of  contagious  germs. 

In  five  of  these  experiments  a  negative  result  was  obtained 
on  direct  smears  showing  the  absence  of  tuberculosis  germs  in  the 
air.  On  none  of  the  serum  plates  were  diphtheria  or  pneumonia 
germs  found,  but  there  were  prevalent  what  is  known  to  the  med- 
ical profession  as  spreaders.  That  is,  the  condition  was  ripe  for 
the  spreading  of  such  diseases.  In  these  five  ventilated  theaters, 
the  first  having  an  18  in.  disk  exhaust,  the  second  a  24  in.  disk 
exhaust,  the  third  two  24  in.  disk  exhausts,  all  of  them  were  marked 
under  the  sense  impressions,  either  as  very  dirty  or  full  of  smoky, 
foul  odors. 

With  some  of  the  cultures  obtained  there  were  inoculated  three 
guinea  pigs  in  each  experiment.  In  the  first  experiment,  two  of  these 
three  pigs  died  in  two  days  with  no  evidence  of  tuberculosis;  in 
the  second,  all  three  pigs  died  within  two  days ;  in  the  third,  the 
three  pigs  died  in  two  days ;  in  the  fourth,  two  pigs  died  in  two 
days ;  in  the  fifth,  all  three  pigs  died  in  two  days,  but  in  none  of 
these  were  there  signs  of  tuberculosis.  They  simply  died  of  the 
effects  of  the  inoculation  and  whatever  was  deleterious. 

Let  me  impress  upon  you  that  dirty  air  kills  more  people  than 
dirty  water,  dirty  milk,  and  dirty  food  combined.  Dirty  air  is 
the  kind  found  in  the  closed  house,  one  in  which  there  is  no  ven- 
tilation and  where  the  windows  are  not  opened.  The  best  method 
of  ventilation  available  to  everybody  at  the  least  cost  is,  after  all. 
the  open  window.  It  should  flood  the  home  with  sunshine  and 
fresh  air.  This  is  not  possible  in  our  theaters  and  assembly  halls, 
but  that  does  not  change  the  point :  namely,  that  the  time  to  get 
fresh  air.  as  was  very  tersely  put  in  the  Moalth  Rulletin,  is  yester- 
day, today,  and  tomorrow,  last  night,  tonight,  and  tomorrow  night, 
all  the  time ;  and  a  good  axiom  for  the  amount  of  fresh  air  that 
is  necessary  is,  "Too  much  is  just  enough." 

"^'ou  have  probal)ly  ofteti  wondered   why  there  is  less  disease 
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of  the  bad  air  types  in  southern  cities  than  there  is  in  northern 
cities.  This  is  due  practically  to  bad  ventilation.  For  instance,  in 
Chicago  we  live  in  air  which  is  several  degrees  warmer  than  that 
of  the  school  and  living  rooms  in  New  Orleans.  Scarlet  fever  and 
other  bad-air  diseases,  such  as  pneumonia,  diphtheria  and  mumps, 
are  not  so  much  cold-climate  diseases  as  they  are  bad-air  diseases 
brought  about  by  conditions  that  exist  in  a  cold  climate. 

Let  me  call  your  attention  to  the  fact  that  in  every  100,000 
inhabitants  of  Mobile  the  death  rate  is  3;  in  Memphis  it  is  5.3;  in 
Louisville  9.6;  in  Chicago  18.4;  in  St.  Paul  30.2,  and  in  Winnipeg 
as  high  as  300.  They  have  in  the  city  of  Winnipeg  epidemics  of 
scarlet  fever,  and,  peculiarly,  60%  of  the  cases  are  adults  and  of 
those  nearly  60%  die,  and  in  every  instance  where  they  have  made 
investigations  they  have  found  that  the  houses  have  been  practically 
hermetically  sealed.  It  is  almost  necessary  to  close  the  windows 
when  it  is  48  to  50  deg.  below  zero.  But  the  peculiar  phase  of  the 
entire  subject  is  that  in  the  spring  of  the  year,  when  Winnipeg  has 
600  cases  of  scarlet  fever,  within  a  few  weeks  after  the  spring 
weather  opens  up  and  the  windows  are  opened,  practically  all  the 
cases  disappear, — that  is  to  say,  they  are  all  cured  and  no  new  cases 
appear.    I  think  this  evidence  is  conclusive  to  every  one  of  you. 

It  was  not  conclusive  to  me  until  I  went  to  Regina  in  Sas- 
katchewan, where  the  temperature  goes  a  good  deal  lower  even  than 
in  Winnipeg,  to  make  an  investigation  of  schools  at  the  request  of 
the  School  Board,  and  I  found  conditions  that  were  peculiarly  ripe 
and  interesting  for  the  spread  of  disease.  At  the  time  I  went,  there 
was  an  epidemic  of  mumps  and  the  mumps  were  accompanied  to 
a  great  extent  by  scarlet  fever,  and  vice  versa.  I  found  that  the  air 
was  being  delivered  into  the  school  rooms  at  120  to  125  deg. ;  that 
is  was  being  brought  in  8  ft.  from  the  floor  at  one  side  and  taken 
out  directly  below  on  the  same  wall.  The  janitors  in  every  one 
of  the  seven  schools  were  bragging  that  the  thermostatic  control  on 
the  radiators  had  not  been  in  use  all  winter,  in  spite  of  the  fact 
that  the  temperature  had  gone  as  low  as  62  deg.  below  zero.  They 
had  all  the  radiation  on  the  outside  wall,  under  this  arrangement, 
and  it  was  thought  that  marvelous  economy  was  being  obtained  for 
the  School  Board  in  not  having  the  radiation  turned  on  at  all,  al- 
though it  was  all  controlled  at  72  deg.  and  they  had  an  excellent 
piece  of  apparatus  in  the  basement  that  had  not  been  used  all  win- 
ter. In  these  buildings  the  air  was  brought  in  at  the  street  level, 
carried  across  an  innumerable  number  of  superheated  coils  di- 
rectly into  the  fan,  and  was  then  shot  up  into  the  rooms.  There 
were  no  openings  in  any  of  the  ducts,  and  it  was  necessary  for  me 
to  take  a  pair  of  shears  and  cut  a  hole  in  every  duct  where  I  made 
experiments  in  order  to  make  the  test.  I  hung  strips  saturated  with 
phenolthalien,  which  is  peculiarly  susceptible  to  alkaline  fumes,  at 
the  breathing  zone.  I  then  threw  a  towel  saturated  with  strong 
ammonia  into  the  duct  and  let  the  ammonia  fumes  go  into  the  room 
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to  find,  if  possible,  whether  there  was  any  air  distribution  in  any 
of  those  rooms.  I  could  not  get  a  reaction,  keeping  those  strips 
wet,  in  25  minutes.  One  in  front  of  the  duct  four  or  five  feet  away 
turned  pini<,  as  all  the  strips  should  have  done.  All  of  them  should 
have  turned  pink  in  two  or  two  and  a  half  minutes.  In  about  30 
minutes  I  got  a  slight  reaction  from  them,  not  from  the  fact  that 
there  was  a  distribution  of  the  air,  but  I  was  getting  diffusion  due 
to  the  superheated  air.  It  was  easy  to  see  how  the  epidemics  arose. 
Half  the  pupils  were  asleep  with  their  heads  on  their  arms.  They 
could  not  even  stay  awake  during  such  an  interesting  experiment, 
and  I  know  how  curiously  alive  school  children  are.  Anything  of 
that  sort  should  immediately  attract  their  attention.  Some  of  them 
went  to  sleep  under  those  conditions  and  the  school  teachers  all 
complained  that  they  went  home  at  night  with  severe  headaches. 

With  a  couple  of  thermometers  tested  at  the  Normal  School 
for  accuracy  I  made  a  wet  and  dry  bulb  experiment,  and  could  not 
detect  a  particle  of  humidity  in  any  of  those  rooms.  There  was  the 
dry  air.  All  the  mucous  membranes  in  those  little  breathing  ap- 
paratuses were  being  dried  up,  because  moisture  had  to  be  supplied 
from  something,  and  one  can  imagine  the  enormous  trip-hammer 
shock  every  one  of  them  got  when  they  went  from  the  inside  tem- 
perature, which  was  in  the  neighborhood  of  78  to  80  deg.  without 
a  particle  of  humidity  so  far  as  any  instrument  could  detect,  out 
into  the  air  where  it  was  25  to  30  deg.  below  zero  with  a  humidity 
consistent  with  that  temperature.  It  is  no  wonder  that  they  were 
enervated,  no  wonder  that  their  vitality  w^as  depleted,  and  no  wonder 
that  these  epidemics  existed. 

Scarlet  fever  is  a  cold-climate  disease  because  the  air  in  the 
houses  is  hot  when  the  scarlet  fever  weather  is  cold.  Children  are 
closely  housed  in  cold  climates,  and  the  moral  is  that  children  should 
be  kept  out  of  hot  rooms ;  if  a  child  is  sick  with  scarlet  fever,  keep 
it  in  as  cool,  and  well-ventilated  a  room  as  you  would  if  it  were 
thoroughly  normal  and  w'ell. 

The  purpose  of  the  experiments  which  we  have  been  making 
was  to  arrive  at  some  conclusive  evidence  for  a  good  working  basis 
for  ventilation  along  sane  and  economical  lines.  I  regret  that  I 
cannot  go  into  all  these  points  at  this  time.  I  would  like  to  refer 
to  many  of  the  resolutions  which  have  been  passed  and  experiments 
which  have  been  made,  but  the  time  will  not  permit  of  it.  I  am 
particularly  anxious  to  hear  from  some  of  the  other  gentlemen  who 
have  been  working  along  these  lines. 

The  commission  will  be  glad  at  any  time  to  co-operate  with  any 
of  those  who  arc  engaged  in  this  work.  I  know  that  I  speak  for 
the  commission  when  I  say  this.  If  any  of  you  want  to  go  out  to 
the  cxj)criment  station  at  the  Normal  School,  I  am  sure  Professor 
Shepherd  will  be  very  glad  indeed  to  show  you  the  work  that  has 
been  going  on  and  the  conditicMi?  under  which  it  has  been  done. 
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DISCUSSION. 

F.  E.  Davidson,  m.  w.  s.  e.  (Chairman)  :  This  question  of  ven- 
tilation is  something  that  has  occupied  the  thoughts  of  many  of  our 
best  engineers  and  architects  for  some  time.  The  Chicago  Com- 
mission on  Ventilation  has  probably  done  as  much  in  formulating 
proper  methods  of  ventilation  as  any  other  one  body.  I  understand 
that  this  commission  is  a  voluntary  association,  and  I  think  if  an 
arrangement  can  be  made  whereby  the  Western  Society  of  Engi- 
neers can  be  represented  on  that  commission,  it  will  be  an  excellent 
thing. 

The  question  of  the  ventilation  of  theaters  here  in  Chicago  is 
of  great  importance.  The  present  building  ordinance  requires  that 
1,500  cubic  feet  of  air  per  person  per  hour  shall  be  introduced  into 
every  theater  of  whatever  class.  Some  of  our  friends,  the  ventilat- 
ing contractors  and  others,  have  attempted  to  have  that  ordinance 
set  aside  or  at  least  modified  very  materially,  and  I  think  it  is  due 
to  the  influence  of  the  ventilating  commission  and  the  architects 
of  Chicago,  that  the  proposed  ordinance  to  modify  the  ventilating 
ordinance  has  been  put  on  the  files  of  the  building  committee  of  the 
City  Council,  and  there  is  now  no  prospect  of  any  modification  of 
this  provision  of  the  ordinance  as  far  as  our  theater  buildings  are 
concerned. 

Prof.  J.  W.  Shepherd  (Sec'y,  Chicago  Commission  on  \>ntila- 
tion)  :  We  are  practically  battling  between  two  extremes  in  the 
practice  of  ventilation,  so  far  as  experiments  are  concerned.  One 
is  that  of  obtaining  ventilation  by  the  introduction  of  as  much  air 
as  practicable  into  enclosures  to  be  ventilated,  and  the  other  is  to 
introduce  as  little  air  as  possible.  Both  of  these  are  somewhat 
historic  in  their  inception.  In  the  first  place,  the  introduction  of  as 
much  air  as  is  practicable  goes  back  to  the  experience  of  people  for 
centuries.  Man,  like  any  other  animal,  has  to  become  acclimated. 
One  of  his  means  of  becoming  acclimated  is  to  have  the  air-taking 
and  air-expelling  apparatus  adjusted  to  the  conditions  that  surround 
him. .  In  other  words,  man  for  centuries  has  not  been  restricted  to  a 
little  supply  of  air  but  he  has  been  getting  as  much  as  he  could. 

In  the  next  place,  I  think  it  is  common  experience  that  people 
who  are  habituated  to  sleeping  in  a  room  with  the  windows  tightly 
closed  and  often  with  window  strips  on  the  outside,  are  found  in 
the  long  run  easily  falling  heir  to  tuberculosis  and  diseases  of  that 
kind.  ]\Ioreover,  the  remedy  that  is  most  used  for  tuberculosis 
now  is  outdoor  air  conditions.  So  I  submit  these  facts  as  a  second 
kind  of  evidence  in  favor  of  as  much  air  as  one  can  get. 

On  the  other  hand,  there  are  those  who  believe  that,  in  a  room 
like  the  one  we  are  in  this  evening,  for  example,  it  would  be  pos- 
sible for  an  audience  to  live,  I  should  say,  for  ten,  fifteen,  twenty, 
or  twenty-four  hours  if  the  room  were  made  air  tight,  and  all  that 
would  be  necessary  would  be  to  put  in  a  fan  or  two  in  a  corner  of 
the  room  to  stir  up  the  air.    Those  who  hold  that  opinion,  peculiarly 
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enough,  go  back  to  the  man  who  first  experimentally  said  that  10 
parts  of  carbon  dioxide  in  10,000  should  be  our  standard.  About  30 
years  ago,  a  German  made  some  experiments  on  a  house.  The  win- 
dows of  that  house  were  not  as  tight  as  they  are  fitting  them  today; 
the  doors  were  not  hung  quite  so  well ;  there  was  rattling  of  doors 
and  windows.  The  heating  was  done  by  means  of  a  stove.  The 
air  in  that  house  was.  changed  so  that  the  parts  of  carbon  dioxide 
in  the  house  were  about  10  in  10,000.  Now,  what  do  we  find  30 
years  from  that  time?  We  find  that  some  of  our  people  are  hurry- 
ing over  to  accept  the  doctrine  that  what  we  need  is  recirculated  air. 
This  means  a  restricted  supply  ot  air  for  ventilation.  What  does 
this  mean  in  practice?  In  New  York  City  the  ordinance  requires 
but  three-quarters,  or  hardly  that,  of  the  air  supplied  in  our  audience 
halls,  particularly  in  our  so-called  picture  theaters.  The  news  of 
New  York's  restricted  air  supply  soon  reached  Chicago.  Not  only 
did  that  word  reach  Chicago,  but  it  reached  it  in  a  practical  way. 
There  was  a  strong  eflrort  put  forth  by  some  people  in  this  city 
to  cut  down  the  volume  of  air  required  for  ventilating  purposes  and 
tliere  has  been  a  hard,  hard  fight.  The  Board  of  Health  in  the  city 
has  had  a  hard  fight  to  maintain  a  standing  for  the  ordinance.  Why  ? 
Just  because  some  people  who  were  in  earnest  about  the  investigation 
of  the  question  said  that  possibly  we  could  get  along  with  less  air. 
Then  some  other  people,  practical  men  who  wanted  to  save  as  many 
dollars  as  they  could  in  the  installation  of  ventilation  appliances,  and 
so  forth,  said,  "Well,  if  these  people  favor  that  in  experiment  let 
us  just  cut  it  down  in  practice." 

Now,  you  men  have  something  to  do.  I  am  not  a  member  of 
the  Board  of  Health  and  I  am  not  talking  for  the  Board  of  Health, 
but  I  am  interested  in  this  city  and  so  are  you,  and  I  would  urge 
upon  every  one  of  you,  whenever  you  have  an  opi)ortunity,  to  throw 
a  good  forceful  shot  in  the  direction  of  plenty  of  fresh  air  in  our 
theaters. 

Whatever  the  result  of  these  experiments  may  be,  it  certainly 
is  bad  policy  to  practice  on  human  beings  by  the  hundreds  of  thou- 
sands when  the  thing  itself  is  not  at  all  proven. 

Why  do  they  believe  in  this  less  quantity  of  air?  That  is  a 
point  I  want  to  call  your  attention  to.  Simply  because  numbers  of 
experiments  that  have  been  made  have  as  yet  failed  to  find  the  sub- 
stance or  substances  in  respired  air  that  are  or  may  be  harmful.  I 
do  not  see  how  any  of  us  can  say  that  because  it  has  not  been  found 
therefore  we  will  assume  it  is  not,  and  that  we  will  subject  200,000 
people  to  the  actual  practice  on  this  negative  conclusion. 

If  I  may  submit  an  analogy,  I  would  like  to  say  that  the  ex- 
perience of  the  human  race  for  hundreds  of  years  must  after  all 
count  for  something  as  a  matter  of  evidence.  We  have  become  ac- 
customed to  large  (juantitics  of  air.  In  hospital  practice  and  in 
treatment  of  diseases,  even  ]Mieumonia,  we  now  find  physicians 
treating  serious   cases  of   pneumonia    successfully   liy   opening   the 
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windows  and  getting  plenty  of  fresh  air.  That  is  a  startHng  thing, 
when  we  consider  that  a  few  years  ago  they  would  almost  build 
a  wall  around  a  sick  bed  in  which  there  was  a  patient  with  pneu- 
monia. So  it  seems  as  if  (all  of  this  experimental  evidence  to  the 
contrary)  the  experience  of  the  human  family  for  a  long  time  must 
count  for  something. 

Probably  you  men  recollect  the  time  when  people  talked  about 
malarial  districts,  and  by  that  they  meant  places  where  there  were 
pools  of  water  standing  all  the  time,  where  there  was  low,  swampy 
ground.  During  my  boyhood  days  there  was  such  a  place  some  four 
or  five  miles  from  my  home  and  we  called  it  "a  malarial  swamp." 
Then  it  was  found  that  swamps  did  not  cause  malaria  at  all ;  that 
malaria  was  caused  by  an  infection  carried  around  by  mosquitoes. 
Peculiarly  enough,  it  was  still  later  noted  that  the  breeding  place 
of  the  mosquito  is  in  low,  swampy  ground.  Consequently  we  re- 
turned again  to  the  people.    The  people  were  right,  in  the  first  place. 

I  should  not  be  surprised  if  some  time  this  negative  result 
which  thus  far  alone  has  been  obtained  may  have  to  give  way  to  a 
positive  one,  and  we  may  again  return  to  the  experience  of  the  peo- 
ple. Until  it  is  known  that  an  individual  can  sit  in  a  small  box  of 
air  and  have  it  stirred  around  him  without  injury  to  his  heart — 
until  they  have  tried  that  on  four  or  five  generations,  150  years 
from  now — until  then  I  do  not  want  them  to  try  it  on  me.  I  am 
going  to  stand  for  as  much  fresh  air  as  I  can  get,  and,  moreover,  I 
call  it  pretty  good  life  insurance  for  me  to  pay  a  little  more  to  get 
plenty  of  fresh  air  and  know  that  I  am  going  to  have  healthful  con- 
ditions accompanying  it  rather  than  to  save  fifty  cents  a  year  and 
live  just  a  few,  perhaps  ten  or  twelve  fewer,  years.  I  want  to  stay 
here  a  long  time  and  I  am  willing  to  do  it  by  paying  fifty  cents  or  a 
dollar  a  year  more  for  coal  or  whatever  it  takes  to  get  plenty  of 
fresh  air. 

H.  J.  Thorkelson,  m.  w.  s.  e.  (Univ.  of  Wis.)  :  I  cannot  alto- 
gether agree  with  the  last  speaker  as  to  the  best  method  of  solving 
this  problem..  We  are  very  much  interested  in  the  problem  of  heat- 
ing and  also  the  problem  of  ventilation  but  we  are  also  interested 
in  the  problem,  of  securing,  as  economically  as  possible,  the  best  con- 
ditions necessary  in  our  school  rooms. 

On  one  point  I  think  we  can  agree,  and  that  is  it  is  quite  de- 
sirable to  separate  the  heating  from  the  ventilation  problem  to  the 
extent  that  the  heating  system  should  be  designed  to  maintain  the 
proper  temperature  in  the  rooms  at  all  times  and  that  additional 
heating  apparatus  should  be  installed  to  heat  such  air  as  may  be 
required  for  ventilation  during  those  hours  when  ventilation  is  re- 
quired, that  is,  when  the  students  are  in  their  rooms. 

We  find  that  in  extremely  cold  days  of  winter,  a  great  deal  of 
fresh  air  enters  through  infiltration  about  the  doors  and  windows 
and  at  that  time  the  discomfort  in  the  room  is  not  nearly  as  marked 
if  the  fans  are  completely  shut  down,  and  a  considerable  saving  of 
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coal  is  secured  by  such  a  change.  We  have  no  desire  to  economize 
at  the  expense  of  health,  but  if  it  is  possible  to  economize  by  re- 
circulation and  washing  the  air,  by  cutting  down  part  of  the  fresh 
air  taken  from  the  outside,  we  hope  to  do  it. 

I  might  say  that  we  are  planning  some  experiments  now  and 
I  am  very  much  interested  in  the  experiments  that  Professor  Shep- 
herd is  conducting.  We  have  also  a  room  of  20  b}'*  25  ft.  We  will 
try  to  repeat  some  of  Leonard  Hill's  experiments  with  CO,  con- 
tent, and  find  out  the  effect  of  agitation,  if  possible,  and  the  effect 
of  re-circulation  and  washing  of  the  air. 

I  can  readily  see  the  advantage  of  the  open  window  in  houses 
where  we  have  no  ventilating  system,  but  we  must  all  agree  that 
with  the  plenum  system  or  exhaust  system  of  ventilation  an  open 
window  may  entirely  defeat  the  object  sought  by  the  plenum  or  the 
exhaust  system.  I  appreciate  the  advantages  of  the  open  window 
and  wonder  if  we  are  not  going  to  get,  sometime,  a  system  of  local 
room  ventilation,  with  a  combination  of  the  open  window  and  a 
fan,  possibly,  for  agitating  the  air  in  the  room  and  for  securing  all 
the  outdoor  air  necessary  in  each  room  in  proportion  to  the  needs 
of  the  occupants  of  that  room. 

The  question  is  indeed  a  large  one  and  one  on  which  we  are 
diligently  seeking  for  light. 

William  B.  Jackson,  m.  w.  s.  v..:  I  presume  that  this  subject 
which  is  before  the  Society  tonight  is  as  universally  important  to 
every  one,  as  almost  any  subject  that  could  be  brought  before*  us. 
Whatever  our  chief  work  may  be,  this  subject  is  of  vital  importance 
to  each  one  of  us.  One  thing  that  most  employers  of  men  have 
learned  is  that  the  efficiency  of  their  men  runs  down  with  the  quality 
of  air  which  is  supplied  to  them.  T  learned  this  from  personal  ex- 
perience early  in  my  own  business.  Owing  to  rush  of  work  I  placed 
twenty-four  men  regularly  working  in  three  rooms,  each  room  hav- 
ing the  dimensions  of  12  by  22  ft.  and  found  that  the  men  were  un- 
comfortable, although  each  man  hafl  about  33  square  feet  of  floor 
space  and  we  kept  the  windows  and  the  transoms  open.  Sufficient 
air  did  not  get  into  those  rooms  by  natural  draft  to  satisfy  the  men 
and  we  found  that  they  were  unable  to  give  as  effective  attention 
(()  their  work  as  should  be  exi)ected  under  satisfactorv  conditions  of 
ventilation.  I*"rom  the  business  standpoint  alone  it  was  necessary 
for  me  to  find  additional  space  for  the  accommodation  of  those 
temix)rarily  employed  men  or  else  to  employ  artificial  means  to  sup- 
ply sufficient   fresh  air. 

I  feel  that  any  light  that  \vc  can  get  ujxjn  this  subject  is  un- 
usually valuable  to  the  members  of  this  Society.  I  have  been  nmch 
interested  in  what  has  already  been  said  this  evening  and  hope  to 
hear  much  more  bcf(ire  the  evening  is  finished. 

Mr.  Davidson:  There  are  a  number  of  theater  buildings  in 
Chicago  which  are  ventilated  with  what  i^  known  as  the  mushnxmi 
.system,  which  has  an  outlet  miderneath  the  theater  chairs.     T  refer 
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particularly  to  the  Princess  Theater  on  Clark  Street.  I  have  been 
there  a  number  of  times  but  never  when  that  ventilating  system 
was  in  operation.  The  fact  is,  with  that  system  the  current  of  air 
underneath  the  seat  is  so  unpleasant  that  the  patrons  of  the  theater 
object  to  it  and  the  theater  people  are  compelled  to  shut  it  off. 
Thus  an  owner  must  suit  his  patrons  as  well  as  comply  with  the 
ventilation  ordinance.  Therefore  some  system  must  be  installed 
that  will  not  be  unpleasant. 

Albert  Scheible,  m.  w.  s.  e.  :  This  has  been  one  of  the  most 
surprising  meetings  that  I  have  ever  attended  in  this  hall,  and  in 
one  way  it  is  one  of  the  most  memorable  ones,  because  it  seems 
to  be  the  first  approach  here  to  a  subject  of  such  tremendous  im- 
portance ;  but  for  a  meeting  held  for  engineers  it  is  certainly  most 
surprising  to  have  able  men  get  up  and  advocate  the  open-window 
method.  One  of  them  says,  "Open  your  windows.  Let  in  all  the 
air  that  you  can."  That  is  very  much  Wke  saying  that  if  you  want  to 
light  a  room,  flood  in  all  the  light  that  you  can ;  or  if  you  want  heat, 
pile  in  all  the  coal  you  can.  My  understanding  of  engineering  is 
that  we  are  concerned  with  doing  things  economically,  or  at  least 
more  efficiently  than  the  average  man  would  do  them. 

As  the  author  has  well  brought  out  in  his  paper,  ventilation  is 
concerned  chiefly  with  the  supply  of  air  for  our  lungs  (air  being  the 
fuel,  as  itJ  were,  for  the  human  body),  and  with  the  removal  of  the 
noxious  respiration  products.  The  latter  include  both  the  COg  and 
any  noxious  products  which  affect  our  nostrils  and  which  influence 
us  most  directly  when  they  are  close  to  our  heads.  With  open  win- 
dows on  a  windy  day  we  may  have  quantities  of  air  of  a  quality 
fit  for  breathing;  it  may  be  moving  through  the  same  room  with  us, 
complying  nicely  with  the  wording  of  the  theater  ventilation  ordi- 
nance, and  yet  very  little  of  that  air  current  may  do  us  any  good. 

But  our  aim  as  an  engineering  society  should  certainly  be  to 
try  to  regulate  those  air  currents  so  as  to  utilize  them  efficiently. 

Another  thing:  the  moment  you  open  a  window,  you  are  de- 
pendent for  your  eft'ectiveness  partly  on  the  difference  between  the 
indoor  and  outdoor  temperature  and  to  a  large  extent  on  the  wind. 
Now,  we  can  go  out  on  the  lake  and  we  can  dei)end  for  our  propul- 
sion on  what  some  people  would  call  the  "natural  propulsion"  of 
the  air  (the  wind),  which  corresponds  with  what  others  call  "natural 
ventilation"  by  an  open  window,  but  it  is  too  tremendously  wasteful 
for  us  to  depend  on  it  when  we  want  to  get  anywhere  under  average 
conditions.  Just  so  with  the  window.  We  may  get  a  strong  draft, 
but  very  little  of  it  may  be  effectively  applied  where  we  need  it ; 
namely,  close  to  the  head  of  the  sitting  or  sleeping  persons. 

In  regard  to  the  interesting  experiments  which  the  author  and 
Professor  Shepherd  have  referred  to  as  made  along  novel  lines,  are 
these  really  so  novel?  If  I  remember  right,  it  is  about  30  years 
since  Pettenkofer  showed  that  the  CO.  content  of  the  air  was  a 
pretty  close  index  to  the  amount  of  its  content  in  respiration  prod- 
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ucts.  Since  that  time  page  after  page  of  articles  in  German  hygienic 
journals  have  been  devoted  to  discussing  the  nature  of  the  deleter- 
ious substance  which  some  of  the  English  scientists  have  called 
"Kenatoxin,"  and  whetlier  or  not  the  human  body  also  gives  off  an 
antidote  which  some  have  called  "Anti-Kenatoxin,"  and  so  on.  No 
doubt  the  author  and  Professor  Shepherd  are  familiar  with  this 
earlier  work  in  Europe,  and  in  published  reports  of  the  experiments 
made  here.  I  hope  the  commission  will  also  introduce  these  Euro- 
pean results  to  the  American  public. 

The  Author:  I  am  sorry  if  I  gave  the  impression  that  what  the 
commission  is  doing  is  absolutely  pioneer  work.  We  all  realize  that 
there  has  been  a  good  deal  of  work  done  abroad.  We  are  all  trying 
to  keep  as  well  posted  on  that  work  as  we  possibly  can,  but  the  fact 
still  remains  that  we  are  applying  ventilation  to  conditions  which 
exist  here  in  this  country,  particularly  in  Chicago.  With  all  the 
experiments  that  have  been  made  abroad,  we  have  thus  far  not  been 
able  to  adopt  any  of  their  methods,  because  of  our  different  condi- 
tions in  modes  of  living.  The  object  of  the  commission  is  not  to 
try  to  bring  itself  forward  in  the  least  as  pioneers  in  the  field  of 
ventilation.  The  real  purpose  is  to  take  up,  as  far  as  possible,  the 
vital  questions  of  the  day  as  applied  to  our  street  cars,  to  our  homes, 
to  our  theaters,  to  our  schools,  and  to  our  assembly  halls  at  large, 
simply  because  the  health  of  our  people  is  absolutely  foremost  and 
paramount  in  our  consideration.  We  know  that  experiments  which 
have  been  made  abroad  are  very  interesting  and  no  doubt  of  great 
value,  and  we  are  not  trying  to  "beat  anybody  to  it,"  as  the  saying 
goes.  We  are  just  trying  to  do  good,  efficient  work.  Every  mem- 
ber of  the  commission  furnishes  his  services  gratis  for  this  purpose 
and  to  this  end.  If  there  had  been  any  exact  formulae  or  any  exact 
data  whicli  had  been  supplied  to  us  by  individuals  previous  to  the 
time  that  the  commission  went  into  effect,  T  think  that  we  would 
have  had  no  need  whatever  of  bringing  the  commission  into  exist- 
ence. 

Mr.  Davidson:  I  found,  in  my  own  practice,  that  I  could  not  get 
hold  of  any  accurate  data  on  the  proper  ventilation  of  a  large  audi- 
torium, which  would  comply  witli  the  building  code  and  at  the  same 
time  satisfy  tlic  audience.  That  is  the  problem;  to  comply  with  the 
•ordinance,  furnishing  l..=iOO  cubic  feet  of  air  per  hour  per  person, 
and  still  keep  the  auditorium  comfortable. 

E.  N.  Lay  field,  m.  w.  s.  e.  :  I  have  no  special  knowledge  on  this 
subject,  but  T  read  a  few  days  ago  in  one  of  the  technical  papers 
some  di.<;cussion  on  the  use  of  what  are  commercially  known  as 
ozonizers.  and  the  statement  was  made  that  some  committee  or  body 
of  men  had  condemned  them.  I  believe  that  the  subject  was  re- 
ferred to  some  men  who  arc  eminent  as  engineers  and  scientists  and 
tliey  gave  a  somewhat  doubtful  reply  in  regard  io  the  matter.  I 
would  ask  if  the  ozoiiizer  was  considered  in  connection  with  the 
experiments  we  have  been  hearing  about  tonight.     I  was  not  at  all 
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surprised  to  hear  that  carbon  dioxide  is  not  the  thing  that  causes  the 
trouble,  and  I  was  wondering  if  this  mysterious  element  that  is  to  be 
found  with  carbon  dioxide  would  be  influenced  in  any  way  by  what- 
ever there  is  in  these  ozonizers. 

Professor  Shepherd:  I  will  endeavor  to  reply  to  Mr.  Layfield, 
but  would  like  to  make  an  explanation  first. 

I  desire  to  have  it  understood  that  I  am  not  trying  to  supple- 
ment the  author's  paper  or  to  speak  as  a  member  of  the  commission. 
My  remarks  were  made  simply  as  a  citizen,  along  with  the  rest  of 
you  gentlemen,  on  the  subject  of  ventilation  in  general. 

I  suppose  I  was  the  one  that  said,  "Get  all  the  fresh  air  you 
can."  I  will  always  say  that  until  I  am  convinced  by  direct  evi- 
dence otherwise.  When  I  say  that  when  one  sleeps  he  should  open 
his  windows  wide,  I  am  trying  to  emphasize  a  thing  which  I  believe 
every  citizen  of  Chicago  ought  to  practice  in  his  home. 

I  do  not  believe  in  the  procedure  of  shutting  off  the  radiators 
in  our  homes,  keeping  the  temperature  from  running  away,  and  just 
living  in  there  with  the  windows  all  down. 

I  am  aware  of  what  has  been  done  in  Europe.  I  know  what 
Pettenkofer  did  and  a  great  many  others.  I  know  that  Pfliigge 
within  the  last  five  years  has  gone  on  record  for  more  than  the  sec- 
ond time  to  the  effect  that  he  could  not  find  that  obnoxious  and  in- 
jurious substance  in  respired  air.  That  is  the  thing  that  I  referred 
to  a  while  ago.  The  presumption  has  been  that  there  is  such  a 
thing  and  he  does  not  even  say  there  is  not,  but  he  says  he  cannot 
find  it.  In  the  same  article,  however,  he  says,  "Get  outdoors  as 
much  as  you  can."  He  recognizes  the  fact  that  because  he  has  not 
found  this  substance,  it  does  not  follow  that  it  isn't  in  existence. 

I  tried  to  say  a  while  ago  that  the  practice  of  restricting  air 
supply  is  trying  to  be  put  forth  now  on  the  assumption  that  since 
such  a  substance  has  not  been  found,  therefore  it  does  not  exist. 

Now  as  to  ozonizers.  That  subject  came  up  at  Buffalo  last 
August,  at  the  time  of  the  International  Congress  on  School  Hy- 
giene, when  the  world  was  represented.  In  that  meeting  there  was 
quite  an  exposition  of  the  ozone  idea  by  various  people.  A  German 
experimenter  was  in  attendance  at  this  congress,  and  many  of  us 
know  that  there  is  no  better  method  of  experimentation  than  the 
German  method;  anybody  who  does  scientific  work  knows  that  the 
Germans  are  careful,  painstaking,  and  persistent.  So  we  listen  to 
what  they  say  because  their  conclusions  are  always  based  on  consid- 
erable evidence.  This  gentleman  said,  "We  have  long  since  dis- 
carded the  ozone  machine  as  a  helper  in  the  matter  of  ventilation." 
That  is  the  point  of  view  that  has  been  voiced  by  many  in  this 
country.  There  is  no  doubt  that  ozone  is  the  most  active  form  of 
oxygen  that  we  have.  It  attacks  things  much  more  vigorously  and 
easily  than  does  ordinary  oxygen.  There  is  no  question  but  that 
ozone  is  effective  in  removing  the  odor  of  smoke,  for  instance,  in  a 
room.     There  is  no  doubt  that  it  is  effective  in   removing  bodily 
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odors.  But  its  efficacy  in  the  matter  of  destroying  germs  that  at- 
tach themselves  to  the  little  dust  particles  and  ride  around  from  one 
place  to  another  until  the\-  land  on  somebody  does  not  seem  to  be 
very  great. 

Recently,  during  a  meeting  in  Dexter  Pavilion,  an  ozone  ma- 
chine was  installed  and  some  culture  plates,  on  which  bacteria  will 
grow,  were  exposed.  By  this  method  it  was  found  that  in  front 
of  the  ozone  machine  there  were  more  germs  obtainable  than  at  any 
other  place  in  the  pavilion.  The  reason  for  that  was  this:  along 
witli  that  machine,  of  course,  there  was  a  current  of  air,  and  you 
can  see  there  would  naturally  be  more  of  an  o])portunity  for  driving 
these  little  fellows  against  a  plate  in  front  of  the  machine,  and  they 
went  right  through  the  ozone  machine,  landed  on  the  plate,  grew  and 
thrived.  So  ozone  cannot  stand  very  firmly  on  scientific  experiments 
as  a  helper  in  ventilation,  although  it  is  effective  in  removing  odors. 

A  place  where  probably  ozone  is  helpful  is  where  they  can 
generate  it  and  get  it  into  contact  with  the  water  which  one  drinks. 
There  is  a  better  medium  through  which  the  ozone  is  enabled  to 
act  in  the  water  solution  than  it  can  in  air,  so  it  is  probable  that 
ozone  would  be  a  good  thing  for  helping  to  purify  water  for  drink- 
ing purjjoses. 

Mr.  Scheible:  Mr.  Chairman,  may  I  differ  from  the  last  speaker 
on  the  subject  of  ozone?  As  an  electrical  man,  I  know  that  there 
probably  is  no  class  of  electrical  apparatus  regarding  which  the  pub- 
lic has  been  so  misled  as  on  the  subject  of  ozone  apparatus,  and  the 
results  to  be  expected  from  the  same.  Loud  claims  have  been  made 
by  certain  manufacturers  to  the  efifect  that  ozone  would  kill  the  bac- 
teria in  the  air,  which  Professor  Shepherd  along  with  many  others 
has  found  to  be  untrue,  because  killing  the  bacteria  would  require  a 
concentration  of  ozone  unbearable  for  our  lungs.  But,  as  Professor 
Shepherd  has  also  pointed  out,  an  ozone  content  of  the  air  is  of 
value  in  overcoming  odors.  This  fact  has  an  important  bearing 
on  the  subject  of  ventilation,  for  the  moment  you  strike  an  un- 
pleasant odor  indicating  the  presence  of  impurities  (although  in- 
sufficient in  (juantity  to  have  deleterious  effect  on  the  human  sys- 
tem), there  is  a  reaction,  your  nostrils  immediately  act  as  a  sort 
of  regulator  and  throttle  the  depth  of  breath,  if  not  the  breath  rate 
itself;  consequently,  you  take  in  less  air  and  your  vitality  is  reduced. 
Now,  if  under  such  conditions  you  can  have  just  sufficient  admixture 
of  ozone  in  the  air  to  mask  the  offensive  odors,  y<.)u  promptly  restore 
the  breath  to  a  normal  capacilv  and  the  result  must  be  decidedly 
iK-lpful. 

In  regard  to  the  (|uestion  of  open  windows,  1  wish  to  say  I  am 
heartily  in  syni])atby  with  the  movement  of  the  ventilating  commis- 
sion ;  indeed,  I  practice  the  open-window  plan  myself  at  home,  but 
only  as  an  inefficient  makeshift  forced  upon  us  by  the  present  state 
of  our  structures  while  waiting  for  our  architects  to  help  us  to  more 
cconomic.il  or  at  least  more  efficient  metliods  of  ventilating. 
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Mr.  Davidson :  The  ventilation  commission  has  estabhshed  one 
very  important  thing,  and  that  is  the  comfort  zone.  As  far  as  I 
am  aware,  this  is  the  first  time  that  the  comfort  zone  has  been  so 
well  established.  In  other  words,  as  I  remember  the  conclusions,  a 
temperature  of  say  64  to  65  with  humidity  of  55  to  60,  is  as  com- 
fortable as  a  temperature  of  70  to  72  with  humidity  of  30.  It  seems 
to  me  that  the  question  of  relative  humidity  with  absolute  tempera- 
ture is  one  of  the  best  things  that  has  been  brought  out  by  the  ex- 
periments made  by  the  ventilating  commission. 

H.  Gansslen,  Assoc,  w.  s.  e.  :  During  the  present  year  it  has 
been  brought  to  my  attention  that  the  city  ordinances  here,  as  en- 
forced some  time  ago,  worked  considerable  hardship  upon  owners 
and  tenants  of  moving  picture  theaters  and  other  public  halls.  As  a 
matter  of  general  information,  I  should  like  to  hear  something  about 
the  present  status  of  the  ordinances  and  possibly  something  about 
the  provisions  of  those  ordinances. 

As  I  understand  it,  it  is  necessary  to  supply  to  a  public  hall  25 
cubic  feet  of  fresh  air  per  minute  per  seat.  It  seems  as  if  this 
quantity  is  very  large,  especially  as  this  amount  of  air  in  the  cold- 
est winter  weather  has  to  be  heated  from,  say,  minus  15  to  plus  65 
deg.  Fahr.  The  hardship  that  this  ordinance  works  upon  the  owners 
of  such  halls  is  considerable.  In  the  first  place,  the  cost  of  a  proper 
ventilating  system  that  will  pass  the  city  ordinances  is  high.  I  be- 
lieve that  for  an  auditorium  seating  about  800  people,  such  a  sys- 
tem will  cost  several  thousand  dollars.  The  so-called  mushroom 
system,  complete  with  a  heating  plant,  may  cost  in  the  neighborhood 
of  four  or  five  thousand  dollars.  Besides  this  first  cost,  the  operat- 
ing expenses  are  naturally  very  high.  The  coal  consumption  to  heat 
this  tremendous  amount  of  air  from,  say,  minus  15  to  65  deg.  is  out 
of  all  proportion  to  the  gross  income  that  many  of  our  moving  pic- 
ture shows  can  hope  for  and  a  great  many  of  those  owners  will 
naturally  be  driven  out  of  business  if  the  ordinances  in  their  present 
form  should  be  enforced. 

These  few  words  are  of  a  more  practical  nature,  probably,  than 
the  discussions  we  have  heard  here  tonight. 

Mr.  Davidson:  I  will  say  for  the  benefit  of  the  last  speaker, 
that,  as  I  understand  the  present  ventilating  ordinance  as  it  appears 
in  the  building  code,  owners  of  public  halls  and  theaters  are  re- 
quired to  supply  1,500  cubic  feet  of  fresh  air  per  person  per  hour. 
I  also  understand  that  up  to  about  six  months  ago  no  effort  was 
made  by  the  health  department  to  rigidly  enforce  that  ordinance, 
for  two  reasons.  First,  because  of  lack  of  appropriation  to  employ 
the  necessary  inspectors.  Second,  because  there  was  a  question  as 
to  whether  or  not  the  rigid  enforcement  of  the  ordinance  might  not 
work  some  undue  hardship  on  certain  owners.  I  am  advised  that 
the  health  department  is  not  absolutely  enforcing  the  present  ordi- 
nance in  connection  with  certain  old  existing  houses,  but  I  can 
assure  you  that  for  the  past  six  months  no  architect  has  been  able  to 
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get  a  set  of  plans  approved  in  the  City  Hall  by  the  health  depart- 
ment for  any  system  of  ventilation  which  did  not,  on  the  face  of 
the  plans,  at  least,  comply  witli  the  requirements  of  the  health  de- 
partment code  and  the  building  code.  I  do  believe,  speaking  im- 
partially and  as  an  architect  doing  business  with  all  the  departments, 
that  there  is  no  department  that  is  striving  harder  to  do  what  is 
fair  and  square  than  the  ventilating  division  of  the  health  depart- 
ment under  the  charge  of  Professor  Hill.  He  is  young,  conscien- 
tious, and  anxious  to  have  the  assistance  of  the  architects. 

As  to  whether  or  not  it  is  fair  to  enforce  this  ordinance  in 
connection  with  all  the  existing  buildings,  I  can  only  say  that  I 
have  attended  a  number  of  our  downtown  loop  theaters  where  the 
system  was  not  in  operation  at  all.  I  have  tested  it  by  lighting  a 
match  and  holding  it  at  the  outlet.  There  is  a  moving  picture  the- 
ater on  State  Street  which  has  no  system  of  ventilation,  and  it  is 
crowded  daily.  I  am  told  it  is  paying  a  return  of  $165,000  a  year. 
In  such  a  case  as  this,  where  the  owner  is  making  $165,000  per  year, 
and  where  there  is  no  ventilating  system  whatever,  I  think  the  ven- 
tilating ordinance  should  be  enforced. 

The  Author:  Unfortunately  this  matter  of  ventilation  has  not 
been  brought  to  the  attention  of  the  masses ;  in  fact,  it  has  been 
confined  to  a  very  few  who  have  studied  it  from  the  standpoint  of 
health. 

As  to  the  ordinance  imposing  an  unjust  hardship  on  owners 
of  picture  theaters,  I  cannot  accept  that  view,  because  the  theaters 
are  for  just  one  purpose  and  that  is  the  exploitation  of  the  public. 
If  a  man  wants  a  theater  he  should  comply  with  the  ordinances.  I 
want  to  say,  in  addition  to  what  Mr.  Davidson  has  just  said,  that 
the  health  department  is  looking  into  the  matter  of  theaters  that  are 
not  properly  ventilated.  In  fact,  a  test  case  is  being  tried  now. 
Mandamus  proceedings  were  started  and  the  doors  of  that  theater 
were  closed  because  of  lack  of  ventilation. 

First  and  foremost  and  always,  public  health  and  safety  is  the 
one  factor  that  must  be  taken  care  of  by  the  nation.  The  only  way 
we  can  conserve  the  nation  is  by  taking  care  of  the  health  and  safety 
of  our  people.  We  enact  all  sorts  of  laws  for  working  men,  we 
get  all  sorts  of  compensation  acts  on  our  books.  Why?  Because 
the  labor  union  is  strong  enough  to  demand  that  sort  of  thing  and 
get  it,  and  it  is  perfectly  justified  in  getting  it,  because  a  man's  life 
is  worth  something  more  than  the  mere  wages  he  is  getting.  He  is 
part  of  the  community  and  he  is  part  of  this  country  and  he  is  one 
of  the  forces  that  make  this  country  as  great  as  it  is.  Those  who 
use  the  opportunity  to  menace  the  public  safety  and  its  health  should 
be  put  out  of  business.  If  the  the?\ter  does  not  pay  when  the  health 
of  the  community  is  a  consideration,  then  close  the  theater.  That 
is  my  way  of  looking  at  it. 

Mr.  Gausslcu:     II<>\v  do  we  know,  and  who  does  know,  that 
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25  cubic  feet  a  minute  per  seat  is  a  proper  amount  of  air?     How 
long  ago  and  where  was  that  practice  established? 

Furthermore,  on  the  Northwest  Side  and  in  other  poor  and 
densely  populated  districts  of  this  city,  there  are  many  picture-show 
houses  that  actually  cannot  make  a  living,  and  have  been  closed  up 
because  they  cannot  afford  to  install  and  operate  a  ventilating  plant 
such  as  is  prescribed  by  the  ordinances.  Downtown  on  State  Street 
they  can  well  afford  to  give  ventilation  according  to  the  ordinance, 
whether  it  is  right  or  wrong. 

Mr.  Davidson:  The  ventilation  ordinance  was  passed  by  the 
City  Council  two  years  ago  this  month.  That  ordinance  was  the 
joint  work  of  comimittees  representing  the  Western  Society  of  En- 
gineers, American  Institute  of  Architects,  the  Chicago  Archi- 
tects' Business  Association,  and  many  of  the  contractors'  bodies ; 
in  fact,  I  think  there  were  75  members  of  the  commission  that 
worked  on  the  ordinance  for  some  three  years.  Numerous  public 
hearings  were  had  and  1.500  cubic  feet  per  person  per  hour  was 
first  adopted  in  the  health  department  code  two  years  ago  this 
month;  but  the  ordinance  has  not  been  enforced,  due  to  the  lack  of 
funds  to  hire  sufficient  inspectors.  Dr.  Young  is  asking  for  a  much 
larger  fund  this  year.  If  it  is  granted,  he  will  enforce  this  ordinance 
strictly. 

In  regard  to  the  cost  of  this  work,  I  must  take  exception.  At 
the  time  this  matter  was  up  before  the  committee  on  health  of  the 
City  Council  I  was  there  as  a  member  of  the  committee  represent- 
ing the  Chicago  Architects'  Business  Association,  and  I  was  in- 
structed to  do  my  utmost  to  oppose  any  changes  in  the  existing  code. 
At  that  time  I  made  a  careful  investigation  by  consulting  with  some 
of  our  best  known  heating  contractors  and  engineers  to  ascertain 
what  it  would  cost  to  properly  heat  and  ventilate  a  Class  4-c  theater 
— one  of  those  little  picture  houses  seating  300.  The  average  esti- 
mate which  I  received  for  a  heating  and  ventilating  system  which 
would  absolutely  comply  with  the  existing  code  for  a  300-seat  house 
was  less  than  $1,000.  I  believe  that  a  system  which  will  comply 
with  the  building  code,  costing  only  $1,000,  will  not  put  any  owner 
ci  a  moving  picture  house  out  of  business,  particularly  when  I  hap- 
pen to  know  that  the  average  rent  of  these  little  houses  is  from 
$125.00  to  $150.00  per  month  for  a  300-seat  house.  Distributed 
over  a  term  of  years,  I  think  the  first  cost  of  installation  is  very 
small.  In  a  theater  building  with  a  trifle  under  3,000  seats,  the 
contract  alone  for  the  ventilating  system  amounted  to  less  than 
$3,000.  These  figures  are  given  to  you  for  what  they  may  be  worth. 
Of  course,  the  sums  mentioned  are  simply  for  ventilating,  and  do 
not  include  heating. 

Personally  I  am  in  favor  of  enforcing  this  present  ordinance 
against  every  house.  If  the  house  cannot  comply  with  the  ordi- 
nance, it  should  discontinue  its  operation. 

IV.  IV.  DeBerard,  m.  w.  s.  e.  :  Nothing  has  been  said  by  the 
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author  about  tlie  ventilation  of  street  cars,  and  I  am  wondering 
whether  the  ventilation  commission  has  done  anything  with  that 
problem. 

The  Author:  That  is  too  big  an  order  to  fill.  I  am  not  going 
into  it  at  all.  The  commission  has  done  a  great  deal  of  work  along 
that  line ;  in  fact,  this  has  been  one  of  the  principal  lines  of  work, 
and  when  the  findings  of  the  commission  come  out  you  will  see  that 
not  only  has  it  gone  into  the  question  of  street-car  ventilation  but 
into  the  ventilation  of  elevated-railway  cars,  day  coaches,  and  sleep- 
ing cars.  As  1  said,  it  is  too  large  an  order  for  this  evening.  I 
purposely  kept  away  from  it  on  that  account. 

F.  J.  Post  el,  M.  w.  s.  E. :  I  think  there  are  two  phases  of  the 
question  which  have  not  received  the  attention  in  the  past  which 
they  have  merited.     The  first  is  the  question  of  distribution. 

We  have  discussed  in  detail  here  this  evening  the  amount  of 
air  to  be  introduced  per  seat  in  a  theater.  It  seems  to  me  that  the 
question  of  distribution  is  equally  important.  I  have  inspected  some 
theaters  where  there  was  some  question  as  to  whether  or  not  the 
ventilating  equipment  complied  with  the  ordinances,  and  found  that 
the  apparatus  installed  was  able  to  deliver,  and  probably  did  deliver, 
the  full  amount  of  air  required  by  the  ordinance,  yet  the  ventila- 
tion was  extremely  poor.  The  air  was  introduced  and  taken  out  in 
such  a  way  that  probably  75%  of  the  audience  never  got  near 
enough  to  the  fresh  air  to  enjoy  its  benefits. 

It  seems  to  me  that  as  long  as  there  is  such  a  radical  difference 
of  opinion  among  engineers  as  to  how  the  air  should  be  introduced, 
and  how  it  should  be  taken  out,  it  would  be  advisable  for  the  health 
department  to  propose  some  standard  based  on  the  results  of  tests. 
This  would  at  once  draw  out  a  discussion  and  presentation  of  fig- 
ures which  would  probably  lead  to  a  better  knowledge  of  the  sub- 
ject, and  a  more  uniform  practice.  I  believe  that  until  this  question 
of  distribution  receives  the  attention  that  it  requires,  the  require- 
ments as  to  the  "amount  of  air  per  capita"  mean  nothing  when 
based  merely  on  the  total  amount  of  air  introduced  into  the  room. 

The  other  (|uestion  which  T  think  has  been  too  long  neglected 
and  which  should  have  immediate  attention  is  the  question  of  hu- 
midity. T  believe  tliat  today  there  are  very  few  ventilating  plants 
which  have  any  provision  whatever  for  the  regulation  of  the  humid- 
ity. In  residences  the  cjuestion  of  humidity  is  almost  universally 
neglected.  In  this  respect  the  matter  of  open-window  ventilation, 
which  has  been  discussed  tonight,  really  misses  the  ix)int  of  regula- 
tion of  htmn'dily  altogether.  I'ndoubtedly  the  window  will  he 
raised  only  ciKuigh  to  admit  such  an  amoiuit  of  air  as  will  be  heated 
by  the  radiation  installed  before  it  comes  in  contact  with  the  occu- 
l)ants  of  the  room.  This  process  of  heating  lowers  the  relative 
humidity  to  a  point  far  below  normal.  It  is  evident  then  that  win- 
dow ventilation,  while  an  improvement  over  some  conditions,  is  by 
no  means  a  solution  of  the  problem.     We  cannot  hope  to  maintain 
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a  proper  degree  of  humidity  in  the  atmosphere  during  the  heating- 
season,  unless  we  provide  a  definite  means  of  introducing  moisture 
artificially,  whether  this  is  a  fan-operated  installation  or  merely  an 
ordinary  heating  system  with  the  usual  provisions  for  taking  in  out- 
side air. 

/.  R.  Cravat  It,  m,  w.  s.  e.  :  I  have  been  interested  in  this  ques- 
tion of  humidity  for  some  time  and  especially  in  the  heating  and 
ventilating  of  the  home,  on  account  of  some  things  Dr.  Evans  has 
said  in  the  columns  of  the  Tribune  to  the  effect  that  the  usual 
humidity  in  our  homes  and  school  buildings  is  extremely  low — 
about  15%.  Early  last  winter  I  got  a  wet-and-dry-bulb  thermometer 
and  began  to  investigate  in  my  own  home.  I  have  not  been  able  so 
far  to  get  any  such  low  results  as  have  been  attributed  to  the  aver- 
age home.  I  do  not  know  that  the  conditions  are  different  in  my  home 
than  in  many  others.  It  is  heated  with  a  hot-air  furnace  and  a  good 
deal  of  fresh  air  is  taken  in,  because  I  am  very  much  of  a  fresh-air 
crank.  The  mixture  of  outside  air  would  tend  to  lower  the  humidity 
rather  than  to  raise  it,  but  I  found  that  the  humidity  during  the 
winter  was  almost  never  less  than  50%  ;  it  would  range  from  50% 
to  70%.  I  thought  perhaps  there  were  unusual  conditions,  so  I 
brought  the  hygrometer  down  to  my  office,  which  is  steam  heated, 
and  while  we  usually  have  considerable  fresh  air  coming  through 
'the  windows,  I  found  similar  conditions  existed  as  to  humidity  in 
the  office. 

I  think  Mr.  Postel  hit  the  nail  on  the  head  when  he  said  we 
must  look  to  distribution  a  little  more  and  to  quantity  a  little  less 
in  the  ventilation  of  our  large  buildings  and  audience  rooms.  A 
case  of  that  kind  has  recently  come  under  my  notice,  where  there 
is  no  question,  apparently,  about  the  amount  of  air  moved  being 
sufficient,  but,  as  Mr.  Postel  says,  75%  of  the  audience  do  not  get 
that  air. 

Another  problem  is  to  get  the  proper  operation  of  the  system^ 
after  they  are  installed.  Here  in  this  room  tonight  we  have  probably 
got  an  excellent  systemi  of  ventilation  if  we  had  it  in  operation,  but 
as  a  matter  of  fact,  this  room  is  now  acting  as  a  vent  for  the  over- 
heated and  foul  air  from  the  Monadnock  Block,  which  is  coming 
through  the  transom  over  the  doorway. 

Ernest  McCulloiigh,  m.  w\  s.  e.  :  The  use  of  wet-  and  dry-bulb 
hygrometers  is  understood  by  few  people.  I  believe  many  state- 
ments as  to  humidity  are  made  by  people  who  use  the  inaccurate, 
low-priced  hair  hygrometers  sold  in  department  stores. 
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A  CAMPAIGN  TO  PREVENT  FIRE 

Franklin  II.  Wentworth* 
Presented  December  t/,  1913. 

The  awakening  of  a  people  to  any  great  economic  fact  con- 
cerning their  public  or  private  welfare  is  always  a  matter  of  pro- 
found importance.  The  recognition  by  our  people  of  the  economic 
significance  of  the  fire  waste  has  been  retarded  by  an  attitude  of 
mind  bred  by  residence  m  a  country  of  apparently  boundless  natural 
resources.  Those  who  are  born  to  great  wealth  and  who  accept 
such  an  environment  without  original  thought,  do  not  usually  real- 
ize the  sources  from  which  such  wealth  is  drawn  until  a  curtailment 
of  the  supply  precipitates  an  investigation.  The  thought  to  which 
the  American  mind  has  long  been  a  victim,  namely,  that  our  natural 
resources  were  unlimited,  has  resulted  in  the  disregard  of  our 
created  resources  as  well.  The  great  Northwest  has  suffered  fright- 
fully in  the  matter  of  its  standing  timber.  This  loss,  with  slight 
encouragement  from  man,  Nature  herself  through  the  years  will 
attempt  to  restore.  Nature  cannot,  however,  restore  the  artificial 
creations  of  man;  and  everything  which  is  made  for  human  comfort 
by  man's  creative  energy  requires  a  similar  and  sometimes  a  greater 
output  of  energy  for  its  replacement. 

The  United  States  Government,  Department  of  Commerce  and 
Labor,  shows  that  the  average  annual  per  capita  fire  loss  in  six 
European  countries  is  33  cents,  while  the  average  per  capita  loss 
in  the  United  States  is  $3.00  and  in  Canada  $3.07.  Glasgow  has 
an  annual  fire  loss  of  $325,000.  Boston,  smaller  than  Glasgow,  has 
an  annual  fire  loss  of  $2,000,000.  Berlin  has  an  average  fire  loss 
of  $175,000  a  year.  Chicago,  the  same  size,  averages  $5,000,000  an- 
nually. The  Berlin  fire  department  costs  $300,000  a  year;  the  Chi- 
cago fire  de;)artment  costs  $3,000,000.  These  figures  are  sufficiently 
impressive,  hut  they  are  not  typical  of  these  cities  alone;  they  are 
typical  of  the  entire  United  States  and  Canada  as  contrasted  with 
Great  Britain  and  the  nations  of  Europe. 

What  is  there  in  us,  in  our  j^eople,  in  our  character,  to  explain 
this?  What  is  the  reason  for  this  shameful  contrast  in  the  amount 
of  property  destroyed  by  fire?  Is  the  explanation  in  a  sense  psycho- 
logical? I  believe  it  is.  We  have  been  born  and  bred  in  a  country 
in  which  otir  natural  resources  have  seemed  unlimited.  It  is  only 
within  the  last  two  or  three  years  that  the  United  States  has  given 
any  thought  whatever  to  the  conservation  of  its  natural  resources. 
But  we  are  now  entering  upon  a  new  era,  and  a  great  deal  of  at- 
tention and  thought  is  being  given  to  this  problem. 

I  think  it  would  be  interesting  to  you  to  know  how  we  first 
began   to  grapple  with   this  problem  of  fire   waste  in   tlie   United 
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States,  because  our  struggle  is  a  very  recent  one  comparatively. 
The  National  Fire  Protection  Association  is  only  eighteen  years  old. 
Twenty-five  years  ago  the  fire  record  of  New  England  was  shameful. 
You  know  New  England  is  a  manufacturing  section.  We  have  a 
great  many  large  factories  and  an  innumerable  number  of  small 
factories,  and  the  fire  record  of  certain  of  these  properties  was  so 
unfavorable  that  some  insurance  companies  declined  to  insure  them 
at  any  premium  which  might  be  offered.  So  a  little  group  of  en- 
gineers made  an  inquiry  into  the  origins  of  these  fires  and  the  waste 
caused  by  them,  and  found  that  about  60%  of  these  fires  could  be 
traced  to  some  specific  cause.  These  engineers  conceived  the 
idea  that  it  was  not  an  impossible  proposition  to  segregate  these 
hazards  by  putting  the  particular  process  of  manufacture  which  was 
dangerous  in  a  fireproof  room,  so  that  when  60%  of  fires  occurred 
they  might  be  extinguished  in  the  room  in  which  they  originated. 
In  the  course  of  their  investigations  they  also  saw  that  the  floor  area 
in  many  factories  was  much  too  great,  much  greater  than  the  busi- 
ness required ;  they  then  conceived  the  idea  of  running  fire  walls  at 
intei'vals  through  these  properties  and  protecting  the  openings  with 
standard  fire  doors,  so  that  when  a  fire  occurred  it  might  be  con- 
fined to  the  section  in  which  it  originated.  They  also  recommended 
that  stairways,  elevators  and  belt  openings  be  enclosed.  Thus  they 
got  the  result  of  dividing  these  properties  into  fire  sections — ver- 
tical fire  sections  and  horizontal  fire  sections — so  that  the  fire  de- 
partment could  extinguish  a  fire  not  only  in  the  section  in  which 
it  occurred,  but  on  the  floor  in  which  it  occurred.  These  ideas  are 
so  simple — such  kindergarten  ideas — that  one  stands  in  amazement 
that  it  should  require  an  engineering  investigation  to  point  out  such 
simple  fire  prevention  structural  facts.  It  was  because  no  one  had 
ever  thought  of  fire  prevention.  It  was  as  if  a  fire  were  consid- 
ered an  act  of  God,  with  the  starting  of  which  it  was  impious  to 
interfere. 

That  delightful  EngHsh  essayist,  Charles  Lamb,  tells  a  story 
of  how  they  first  began  to  eat  roast  pig  in  China.  I  don't  know  why 
they  kept  pigs  there  before  they  ate  them,  unless  it  was  to  annoy 
their  neighbors.  Lamb  says  on  one  occasion  a  Chinese  country 
house  burned  and  some  pigs  were  roasted  in  the  sty.  The  son  of 
the  family  returning  and  poking  in  the  debris,  got  his  finger  into 
some  of  this  roast  pig,  and  having  tasted  it,  allowed  it  was  good. 
He  gave  a  piece  of  it  to  his  father  and  to  his  brother,  and  it  soon 
spread  throughout  China  that  roast  pig  was  a  wonderful  delicacy. 
Lamb  says  that  in  less  than  a  month  country  houses  began  to  burn 
all  over  China.  Before  all  of  China  was  destroyed,  however,  a 
Chinaman  with  a  little  larger  brain  than  his  fellows  discovered 
that  it  was  not  necessary  to  burn  a  whole  country  house  to  have 
roast  pig.  It  was  that  sort  of  acute  and  masterful  intelligence, 
brought  to  bear  upon  this  problem  in  New  England,  that  began  to 
reduce  her  profligate  waste  by  fire. 
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About  this  time,  from  a  very  simple  idea  of  a  perforated  water 
pipe  was  evolved  the  automatic  sprinkler — the  best  fire-fighting  en- 
gine yet  devised.  We  have  reports  of  over  10,000  fires  in  our  Asso- 
ciation records,  and  we  have  not  yet  had  a  fire  reported  which  was 
not  either  held  in  check  or  extinguished  by  the  automatic  sprinkler, 
unless  there  was  something  abnormal  about  the  fire,  or  some  fault 
in  the  equipment  or  the  water  supply.  About  80%  of  all  these 
10,000  fires  occurring  in  properties  equipped  with  automatic  sprink- 
lers, were  extinguished  by  the  operation  of  ten  sprinkler  heads  or 
less. 

The  rapid  development  and  popularity  of  this  form  of  fire 
protection  was  due  to  the  initiative  of  the  New  England  Factory 
Mutual  Fire  Insurance  Companies  and  their  leading  engineer,  the 
late  Edward  Atkinson. 

As  automatic  sprinkler  protection  came  into  use,  the  insur- 
ance companies  began  to  grant  liberal  reductions  for  their  installa- 
tion. But  there  was  then  no  standard  for  their  installation.  The 
National  Fire  Protection  Association  was  organized  originally  for 
the  purpose  of  making  a  standard  for  the  automatic  sprinkler.  In 
the  second  year  the  engineers  composing  it  reconciled  their  diflFer- 
ences  and  put  out  a  standard.  While  they  were  at  work  on  this 
standard  they  discovered  there  were  no  standards  in  the  United 
States  for  anything  relating  to  fire  prevention  or  protection ;  there 
were  no  standards  for  electric  wiring;  no  standards  for  fire  hose, 
hydrants,  extinguishers,  pumps,  or  for  any  of  the  fire  hazards.  No 
one  had  assumed  any  responsibility  for  fire  protection  nor  given  any 
thought  to  standards  which  might  make  fire  prevention  possible. 
So  it  was  soon  recognized  that,  although  beginning  in  this  small 
way,  we  had  a  much  larger  responsibility  than  we  had  at  first  sup- 
posed ;  and  for  eighteen  years  we  have  attempted  to  sustain  this 
responsibility.  We  have  been  going  on  year  after  year  maintaining 
and  revising  these  standards  to  which  the  entire  country  has  long 
since  looked  for  guidance. 

When  wc  came  to  the  making  of  standards  dependent  for  their 
integrity  upon  fire  tests, — upon  reproducing,  experimentally,  actual 
conditions  in  service, — our  work  would  have  been  halted  and  our 
usefulness  impaired  but  for  the  genius  of  a  single  man.  Your  own 
city  of  Chicagd  was  destined  to  make  the  unique  and  vital  con- 
tribution to  this  public  service  by  the  development  of  the  Under- 
writers' Laboratories,  a  testing  station  having  no  dujilicate  in  the 
world.  In  this  remarkable  shop,  all  tests  of  fire  appliances  and 
hazardous  devices  or  materials  are  made  under  the  standards  of 
the  National  Fire  Protection  Association.  In  addition  to  this  a 
system  of  factory  inspection  is  in  operation  umler  the  Laboratories' 
direction,  by  which  tlie  ])ul)lic  is  enabled  to  buy  goods  certified  to 
our  standards  by  inspectors  present  while  the  goods  are  being  made. 
Everyone  upon  whom  mav  fall  tlic  responsibility  of  purchasing  fire 
appliances  should  familiarize  himself  with  this  factory  inspection 
and   label    service. 
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The  National  Fire  Protection  Association  has  members  in  all 
walks  of  life.  This  fact  brings  us  close  to  the  people  and  their 
thought  currents.  We  are  engineers  and  special  students  of  the 
fire  waste,  the  social  and  economic  results  of  which  are  often  clearer 
to  us  than  to  the  Underwriters  themselves.  It  is  obvious  to  us 
that  insurance  rates  cannot  be  reduced  irrespective  of  the  loss  ratio 
without  forcing  insurance  companies.,  who  mean  honestly  to  pay 
their  losses,  to  retire.  Capital  invested  in  underwriting  is  not  so 
irrevocably  fixed  as  capital  invested  in  public  service  corporations 
using  public  property  or  rights-of-way.  Such  investments  can  be 
controlled  easily  by  the  state,  but  capital  invested  in  underwriting 
can  easily  seek  other  channels  and  withdraw  from  the  states  im- 
posing undesirable  burdens  upon  it,  thus  leaving  the  business  world 
without  the  desired  indemnity. 

Last  year  in  the  United  States  Legislatures  of  three  states. 
New  York,  Illinois,  and  Wisconsin,  an  investigation  was  under- 
taken of  the  methods  and  practices  of  the  fire  insurance  business. 
This  action  found  its  impulse  in  hostility  toward  the  fire  under- 
writing interests ;  but  all  of  these  investigations  developed  the  fact 
that  scientific  or  satisfactory  underwriting  is  impossible,  and  will 
continue  to  be  impossible,  until  the  criminally  careless  fire  waste 
of  the  country  is  curtailed.  It  is  obvious  that  these  investigations 
represent  an  incoherent  protest  against  the  frightful  impoverish- 
ment by  the  fire  tax.  The  people  feel  that  the  fire  tax  is  too  high. 
It  is  too  high !  Everybody  knows  that  it  is  too  high.  But  how 
can  the  fire  tax  be  lessened  except  by  attacking  the  cause  of  it? 
This  is  the  question  that  every  representative  body  must  be  forced 
to  answer. 

The  awakening  of  the  American  people  to  a  consciousness  of 
their  collective  responsibility  for  the  fire  waste  makes  the  last  two 
years  of  great  significance,  especially  to  that  comparatively  small 
body  of  men  who  for  eighteen  years  have  devoted  their  thought 
to  the  subject,  and  who  have  appealed  year  after  year  for  the  atten- 
tion of  the  people  respecting  it.  Our  waste  of  $3.00  per  capita  per 
annum  means  that  every  man,  woman,  and  child  pays  $3.00  a  year 
for  fire  waste.  That  means  that  the  man  with  the  average  family, 
his  wife,  and  three  children — a  family  of  five — pays  $15.00  a  year 
fire  tax.  The  United  States  Government  in  its  report  adds  to  this 
fire  waste  the  cost  of  maintaining  fire  departments,  which  is  as 
much  more.  This  means  $30.00  a  year  to  the  average  family. 
Now,  if  on  some  blue  Monday  in  every  year  a  representative  of 
the  Government  were  to  come  around  and  ask  us  each  for  our 
cheque  for  $30.00  to  pay  our  share  of  the  national  carelessness, 
then  we  should  realize  what  we  pay.  But  we  do  not  realize  that 
we  pay  it,  because  this  tax  is  indirect.  The  big  manufacturers  and 
the  big  merchants  know  that  this  fire  expense  is  a  tax.  They  equip 
their  premises  with  automatic  sprinklers.  They  put  in  protective 
apparatus.     They  get  the  lowest  insurance  rate  they  can  because 

March,  1914 


262  Wetthvorth — A  Campaign  to  Prevent  Fire 

it  helps  them  to  compete;  but  the  man  in  the  street,  the  ordinary 
man,  does  not  know  how  this  fire  waste  is  paid.  Take  wool,  for 
example.  Wool  in  the  warehouse  is  insured — that  is  a  tax.  It 
is  insured  in  transportation,  and  there  it  pays  a  fire  tax.  It  is 
insured  in  the  textile  factory  where  it  is  worked  up  into  cloth.  It 
is  insured  in  the  clothing  store,  insured  in  the  tailor  shop,  in  the 
department  store,  and  all  the  way  along  this  fire  tax  is  added  to 
the  cost,  and  when  you  buy  a  coat.,  you  pay  it.  Every  stock  of 
goods  that  is  insured  carries  this  tax,  and  it  is  passed  along  to  the 
ultimate  consumer.  The  masses  do  not  know  that  they  pay 
it.  They  do  not  realize  that  when  they  buy  a  hat,  or  a  pair  of 
shoes,  or  a  suit  of  clothes,  or  anything  which  goes  through  the 
regular  channels  of  industry,  production,  distribution,  and  exchange, 
they  pay  a  tax.  Not  realizing  it,  they  are  indifferent  to  fire.  They 
think  fire  does  not  affect  them. 

The  fire  loss  in  the  United  States  and  Canada  for  the  last  ten 
years  has  averaged  $250,000,000  a  year.  What  could  we  do  with 
that  ?  We  could  build  roads,  build  canals,  improve  our  harbors, 
build  battleships — if  we  have  no  less  mediaeval  use  for  our  iron ! 
We  could  do  a  great  many  things  with  $250,000,000  a  year.  What 
does  that  mean?  It  means  $30,000  an  hour,  $500.00  a  minute;  it 
means  that  every  ten  minutes  we  are  burning  the  equivalent  of  a 
comfortable  $5,000  home.  What  country  can  stand  a  drain  like 
that?  Suppose  we  were  to  throw  into  the  sea  $250,000,000  in  wheat 
or  corn  or  cotton,  or  lose  $250,000,000  out  of  our  two  national  treas- 
uries. Then  we  would  realize  that  we  were  being  impoverished 
by  this  waste.  But  we  have  lost  the  faculty  of  being  moved  by 
an  ordinary  fire.  In  Europe  a  $100,000  fire  sliocks  the  entire  coun- 
try. All  the  papers  in  Continental  Europe  comment  on  it,  want- 
ing to  know  how  it  occurred,  who  was  responsible  for  it,  whether 
the  conditions  obtaining  in  the  city  where  it  occurred  can  be  found 
elsewhere,  so  that  such  a  fire  might  be  duplicated.  But  here  in 
America,  if  we  take  up  the  morning  paper  and  do  not  find  two 
or  three  $100,000  fires  recorded  we  think  it  has  been  a  dull  evening! 

We  are  the  most  careless  people  with  matches  on  the  face  of 
the  earth.  In  Europe,  if  you  want  matches  you  have  to  go  where 
they  are  kept.  In  America  matches  are  everywhere — on  our  bu- 
reaus; in  our  desk  drawers;  on  the  mantlepiece ;  library  tables;  in 
all  our  old  waistcoat  pockets  in  the  closet ;  if  wc  wake  up  in  the 
middle  of  the  night  and  reach  out  and  cannot  find  a  match  we  feel 
insHlted!  Every  match  is  a  potential  conflagration.  There  is  no 
reason  why  any  man  who  loves  his  family  should  have  any  match 
in  the  house  except  the  match  which  lights  onlv  on  the  box.  These 
strike-anywhere  matches,  if  thev  arc  dropped  on  the  floor  and 
stepped  on.  will  frequently  ignite  the  skirts  of  women.  This  match 
is  particularly  dangerous  to  the  child.  The  child  is  an  imitator. 
He  sees  his  older  brother  or  his  father  or  mother  light  a  match. 
That  is  a  dramatic  thing;  it  is  going  to  stick  in  his  mind;  he  will 
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remember  it  until  he  can  get  hold  of  one  of  those  little  fire  sticks 
and  see  what  he  can  do  with  it;  and  perhaps  burn  his  little  body. 
Every  week  dozens  of  clippings  on  this  very  subject  come  to  my 
desk,  and  it  seems  to  me  my  visit  to  Chicago  would  be  worth  while  if 
the  gentlemen  here  tonight  who  have  young  children  will  hence- 
forth have  no  matches  in  the  house  except  those  which  light  only 
on  the  box. 

The  fire  waste  touches  the  pocket  of  every  man,  woman  and 
child  in  the  nation;  it  strikes  as  surely  but  as  quietly  as  indirect 
taxation;  it  merges  with  the  cost  of  everything  we  eat  and  drink 
and  wear.  The  profligate  burning  every  year  of  $250,000,000  in 
the  value  of  the  work  of  men's  hands  means  the  inevitable  impov- 
erishment of  the  people.  This  fearful  loss,  spread  over  the  entire 
business  world  of  America,  is  beginning  to  manifest  its  impover- 
ishing blight.  The  people  feel  it  without  yet  being  awake  to  its 
cause.  Their  awakening  is  retarded  by  the  prevalence  of  the  fool- 
ish notion  that  the  insurance  companies  pay  this  colossal  tax.  But 
how  could  they,  and  remain  solvent?  They  are  mere  collectors 
and  distributors  of  that  portion  of  this  tax  which  is  represented 
by  their  policies.  Half  of  it  they  never  touch ;  it  falls  upon  the 
householder  direct.  San  Francisco  and  Chelsea  do  not  pay  for 
themselves.  You  in  Illinois  and  we  in  Massachusetts  help  pay 
for  them.  And  next  year  San  Francisco  and  Chelsea,  risen  from 
their  ashes,  may  help  to  pay  for  your  cities  and  ours.  There  is 
one  way  in  which  we  can  escape  the  periodical  paying  for  one  an- 
other, and  that  is  for  us  both  to  begin  rational  building  construc- 
tion and  then  protect  what  we  have  builded  against  fire. 

It  is  the  ever  present  conflagration  hazard  which  makes  any 
approach  to  scientific  underwriting  impossible.  The  conflagration 
hazard  is  not  confined  to  any  one  state.  It  is  present  in  every  state 
and  in  every  city  and  town.  We  have  built  largely  of  wood,  and 
sooner  or  later  we  must  pay  the  penalty  unless  we  can  find  some 
way  in  which  to  protect  our  cities. 

There  is  a  way  to  solve  this  conflagration  problem — not  abso- 
lutely, but  at  least  relatively.  You  cannot  be  expected  to  tear  down 
your  cities  and  rebuild  them  of  fire-resisting  material ;  the  cities 
must  be  protected  as  they  stand.  In  the  heart  of  nearly  every  city 
there  are  streets  crossing  at  right  angles,  along  which  for  a  very 
considerable  distance  are  buildings  of  brick,  stone  and  concrete. 
This  shows  a  more  or  less  complete  Maltese  cross  of  buildings 
which  are  not  wooden  and  which  operate  to  divide  the  wooden- 
built  district  into  quarter  sections,  and  which  might  hold  a  fire  in 
any  one  of  these  sections  if  they  were  equipped  to  do  so.  These 
brick  and  stone  buildings  are  ordinarily  valueless  as  fire-stops, 
because  their  windows  are  of  thin  glass  and  their  window  frames 
of  wood.  At  Baltimore  and  San  Francisco  the  conflagration  at- 
tacked such  buildings  easily,  breaking  out  the  panes,  consuming 
the  frames,  and   converting  every   story  of  these  brick   structures 
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into  horizontal  flues  full  of  c«jmbustible  contents.  Brick  and  stone 
buildings  arc  logical  and  capable  fire-stops  if  the  fire  can  be  kept 
out  of  them.  The  small  city  that  will  trace  out  its  Maltese  cross 
of  such  buildings  and  e{|uip  them  with  metal  window  frames  and 
wired  glass  will  immediately  possess  the  equivalent  of  substantial 
fire  walls  crossing  at  right  angles  in  its  center,  dividing  it  into  four 
sections.  By  such  a  sim])le,  inexpensive,  but  yet  strategic  proced- 
ure many  a  city  may  save  itself  from  the  destruction  which  now 
awaits  only  the  right  kind  of  a  fire  on  the  right  kind  of  a  night.^ 

I  have  referred  in  this  plan  merely  to  the  smaller  cities,  but 
it  is  obvious  that  this  form  of  protection  is  equally  imperative  in 
the  brick,  stone  and  concrete  districts  of  all  large  cities  where  great 
values  are  housed  in  close  proximity.  Fires  in  the  large  cities  en- 
tail an  enormous  waste  because  of  the  great  values  assembled  there. 
We  must  come  eventually  to  the  equipment  of  all  commercial,  fac- 
tory and  office  buildings  with  metal  window  frames  and  wired  glass. 
This  will  mean  the  abolition  of  the  conflagration  hazard  in  our 
cities.  Fires  will  then  be  unit  fires,  extinguished  easily  by  a  com- 
petent fire  department  within  the  building  in  which  they  originate; 
for  the  protection  of  window  openings  not  only  prevents  fire  from 
entering,  but  prevents  fire  from  issuing  out  of  the  burning  build- 
ings. We  may  expect  an  occasional  exceedingly  hot  fire  to  break 
down  the  defenses  of  an  adjoining  building,  but  it  is  obvious  that 
a  conflagration  could  not  get  under  way  among  buildings  of  fire- 
resistive  construction  with  properly  protected  window  openings. 

Having  thus  fortified  city  buildings  one  against  the  other,  ex- 
tensive fires  within  individual  structures  can  be  prevented  by  the 
use  of  the  now  well  established  automatic  sprinkler  system.  The 
automatic  sprinkler  applies  the  water  without  the  help  of  human 
agencies  while  the  fire  is  still  incipient.  It  will  operate  in  a  dense 
smoke  as  well  as  in  a  clear  atmosphere.  It  will  not  throw  excess- 
ive deluges  of  water  in  wrong  places  as  the  fire  departments  are 
continuall}'  forced  to  do.  With  our  window  openings  protected  and 
our  buildings  equijjped  with  such  extinguishers,  the  conflagration 
hazard  in  mercantile  districts  will  be  eliminated.  There  will  then 
remain  for  consideration  our  immense  residence  districts  con- 
structed almost  wholly  of  wood  surrounding  the  mercantile  centers, 
like  faggots  around  a  funeral  pyre.  We  can  lessen  the  loss  here 
by  the  abolition  of  the  use  of  wooden  shingles. 

The  prohibition  of  the  shingle  roof,  which  is  now  generally 
recognized  as  a  conflagration  breeder,  is  today  almost  universal 
within  city  fire  limits,  and  from  the  more  enlightened  communities 
it  is  excluded  altogether.  P.urning  shingles  can  be  carried  great 
distances  by  the  wind  or  draught  of  a  conflagration,  and  when 
they  may  alight  in  their  turn  uinin  other  dry  shingles,  they  make 
fearful  havoc. 

It  will  not  be  necessary  to  remove  all  shingle  rcxDfs  immedi- 
ately.     .^n   effective   city   ordinance   might    require   all    roofs   con- 
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structed  in  the  future  to  be  of  incombustible  material,  and  that 
all  roofs  which  shall  hereafter  require  repair  to  the  extent  of  one- 
third  of  their  area  shall  be  replaced  Vv'ith  incombustible  roofs.  The 
modern  shingle  is  thin,  and  the  machinery  which  now  makes  it 
leaves  a  fuzzy  surface  which,  after  a  period  of  drought,  becomes 
like  tinder.  Without  shingle  roofs  flying  brands  would  not  be  car- 
ried over  the  brick  centers  of  the  city  by  the  wind. 

Outside  of  the  abolition  of  the  shingle  roof,  we  must  look  for 
the  protection  of  our  homes  to  the  corrected  habits  of  our  people. 
We  must  look  carefully  after  the  heating  apparatus  of  our  homes, 
giving  them  the  constant  and  necessary  attention  demanded  by 
receptacles  containing  fire.  The  building  of  proper  flues  and  chim- 
neys is  especially  necessary  in  connection  with  residences.  Then 
we  must  have  a  general  revision  throughout  the  country  of  our 
building  codes.  We  must  stop  the  erection  of  a  certain  shoddy 
class  of  building  and  we  must  limit  the  height  of  all  buildings.  In 
Boston  we  limit  them  to  125  feet.  There  is  no  reason  why  cities 
that  can  expand,  and  which  are  not  bound  by  physical  barriers, 
should  follow  the  example  of  New  York  and  erect  these  absurdly 
high  buildings.  They  inflict  an  enormous  expense  upon  the  city 
for  fire  protection. 

There  are  other  matters,  however,  to  which  we  must  give 
proper  thought.  Among  them  is  the  best  use  of  the  lire-fighting 
agencies  which  have  been  established  and  which  are  maintained 
at  a  great  cost  by  our  people. 

The  mental  habits  of  a  people  are  a  vital  factor  in  affecting 
social  progress.  It  is  the  mental  habit  of  our  people  to  assume 
that  fire  departments  are  maintained  for  the  exclusive  purpose  of 
extinguishing  fires.  It  is  obvious,  however,  that  fire  departments 
have  large  possibilities  for  service  in  preventing  fires ;  a  service 
which  is,  I  regret  to  say,  yet  largely  potential.  Every  fireman, 
from  the  chief  engineer  down  to  the  drivers  and  pipe  men,  should 
be  regularly  detailed  for  inspection  service.  Three  or  four  hours 
a  week  for  each  man,  going  to  basements,  attics,  courts  and  alleys, 
keeping  down  accumulations  of  rubbish — which  spring  up  over 
night — locating  the  storage  of  inflammable  oils  and  explosives 
would  keep  the  city  clean  of  its  most  persistent  fire  dangers.  Every 
fireman  should  in  turn  cover  every  section  in  the  course  of  six 
months.  One  would  thus  check  up  the  inspections  of  the  other, 
and  local  conditions  would  become  a  matter  for  educative  con- 
versation about  headquarters. 

There  is,  however,  a  most  important  result  to  be  achieved  by 
such  an  inspection  system  over  and  beyond  keeping  the  city  clean : 
and  that  is  the  education  of  the  fire-fighters  in  the  exact  physical 
character  of  the  city.  To  know  exactly  which  passageways  are 
open  and  which  are  closed ;  to  know  which  are  fire  walls  and  which 
are  not ;  to  have  a  mental  picture  of  the  exposures,  the  windows, 
the  roof  openings,  the  cornices,  and  all  the  other  physical  details 
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important  in  fire-fighting,  would  so  heighten  the  team  work  of  a 
department  that,  hi<e  expert  swordsmen,  they  could  make  their 
thrusts  without  loss  of  time  straight  at  the  vulnerable  part.  There 
are  a  few  cities  in  the  United  States  where  such  practice,  i>ar- 
tially  in  effect,  has  already  demonstrated  its  singular  efficiency. 
The  citizens  of  every  town  and  city  sliculd  demand  this  sort  of 
service  from  its  fire  department. 

Then  we  must  begin  to  place  the  responsibility  upon  the  in- 
dividual for  fires.  It  is  difficult  to  do  that,  1  know,  and  yet  it  can 
be  done.  In  France,  if  you  have  a  fire  and  that  fire  damages  your 
neighbor's  pioperty  you  have  to  ])ay  your  neighbor's  loss.  That 
is  very  educative!  It  would  be  a  very  good  thing  if  we  had  such  a 
law  in  America.  We  can  fix  resiX)nsibility,  however,  and  we  can 
change  our  altitude  of  mind  towards  the  man  who  has  fires.  When 
we  look  upon  the  man  who  has  a  fire  as  one  v.dio  has  done  an  un- 
neighborly  thing,  as  one  who  is  a  public  oft'ender  unless  he  can 
prove  that  he  was  in  no  way  responsible  for  that  fire,  then  we 
will  have  begun  to  make  headway.  We  must  have  inquiry  into 
the  causes  of  all  fires,  not  merely  an  inquiry  into  the  firci.  which 
is  suspected  to  be  the  work  of  some  incendiary.  Nearly  every 
fire  is  the  result  of  some  carelessness ;  and  the  careless  man  must 
be  held  up  to  public  criticism  as  a  man  who  has  picked  the  pockets 
of  the  rest  of  us ;  because  that  is  what  it  is  in  its  last  analysis.  When 
we  get  fire  marshals  in  every  state  or  province  who  shall  inquire 
into  the  causes  of  fires,  1  believe  we  will  begin  to  correct  our  per- 
sonal habits  in  respect  to  the  things  that  cause  fires. 

But  all  the  educational  work  necessary  to  achieve  these  de- 
sirable results  cannot  be  done  from  afar.  You  must  grapple  locally 
with  local  problems  antl  local  needs.  T'very  city  has  its  own  pecu- 
lar  conditions.  With  this  thought  in  mind,  a  Chicago  Chapter  of 
the  National  Fire  Protection  Association  has  just  been  organized 
with  an  architect  and  engineer  as  president,  Mr.  Frank  D.  Chase, 
who  for  soiue  years  was  chairman  of  the  fire  prevention  committee 
of  the  Chicago  City  Club.  Your  Society  will  naturally  be  called 
i\\K)u  to  aid  in  this  great  work  which  shall  coordinate  all  Chicago 
efforts  in  the  direction  of  fire  j)revention.  It  is  the  begiiuiing  of 
a  great  public  service  of  profound  imi)()rtance  to  your  city,  and 
the  nation. 

The  American  pcoi)le  are  not  dull  in  comprehension,  nor  are 
they  slow  to  act  once  the  necessities  of  a  situation  are  made  clear 
to  them.  The  awakening  of  the  present  year  manifested  by  the 
observance  of  "Fire  Prevention  Day"  in  many  of  the  cities  of  the 
I'nitcd  States,  by  the  appointment  of  fire  marshals,  and  the  amend- 
ment of  fire  marshal  laws,  and  by  the  teaching  of  the  fire  hazards 
in  many  jjublic  schools,  indicates  that  we  as  a  people  will  not  much 
K)nger  tolerate  our  pitiful  impoverishment  by  fire  waste.  It  is  true 
that  so  long  as  our  wooden  cities  stand  they  nuist  occasionally 
suffer  disastrous  fires  with,  oftentimes,  shocking  loss  of  life;  but 
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with  the  growinc^  disposition  to  hold  our  citizens  personally  re- 
sponsible for  their  carelessness  before  the  bar  of  public  opinion, 
many  of  our  most  prolific  causes  of  fire  will  disappear. 

Our  civilization  grows  daily  more  complex.  Every  man's  life 
is  becoming  more  inextricably  linked  with  the  lives  of  others.  An 
injury  to  one  is  increasingly  an  injury  to  all.  Out  of  a  proper 
realization  of  these  facts  is  coming  a  larger  sense  of  civic  responsi- 
bility. As  citizens  of  a  common  country  and  brothers  of  a  great 
international  family,  we  may  some  day  evolve  a  civilization  in 
which  there  shall  be  no  waste  and  in  which  the  thought  of  the 
common  good  shall  be  the  profoundest  impulse  in  the  hearts  of 
our  people. 

DI.SCUSSION. 

F.  E.  Davidson,  m.  w.  s.  e.  (Chairman)  :  The  address  to  which 
we  have  listened  shows,  in  a  slight  degree,  the  work  of  the  National 
Fire  Protection  Association,  whose  headquarters  are  in  Boston. 

Engineers  in  general  have  not,  in  the  past,  given  the  question 
of  fire  protection  the  attention  which  it  merits,  due,  perhaps,  to  the 
fact  that  they  prefer  to  leave  these  problems  to  the  architect  to 
wrestle  with.  It  is  a  subject  which  seems  to  interest  only  those  who 
are  actively  engaged  in  building  work. 

I  think  that  our  rate-making  bodies  are,  to  a  very  large  extent, 
to  blame  for  the  exceedingly  high  fire-loss  rate  in  the  United  States. 
In  discussing  the  matter  with  the  author,  I  called  his  attention  to  an 
instance  in  my  own  practice.  Recently  I  presented  to  the  Chicago 
Board  of  Underwriters,  the  rate  makers,  plans  and  specifications 
for  a  factory  building  which  will  be  constructed  in  Chicago  at  an 
early  date.  The  building  will  be  practically  joist  construction,  and 
will  cover  a  large  ground  area,  something  like  65,000  square  feet. 
The  owner,  having  in  mind  the  financial  stringency,  instructed  me  to 
design  the  building  with  a  view  of  its  being  erected  as  cheaply  as 
possible.  He  did  not  want  to  spend  a  dollar  he  did  not  have  to ; 
at  the  same  time  he  wished  the  building  to  be  protected  against  un- 
due fire  hazards.  I  was  astonished  to  get  a  rate  less  than  lie  per 
$100.00  per  year  on  that  type  of  construction.  I  then  asked  what 
the  rate  would  be  if  the  building  were  erected  absolutely  fireproof, 
and  the  reply  was,  10c.  That  is  one  instance  where  the  rate  makers 
are  actually  "premiumizing"  the  cheapest  class  of  building  construc- 
tion. 

That  is  true  not  only  of  the  Chicago  Board  of  Underwriters, 
but  of  every  other  rate-making  board  in  the  United  ^States  of  which 
I  have  knowledge. 

As  another  illustration,  ye.sterday  a  client  sent  for  me  and  said, 
I  propose  to  construct  a  five  story  building  on  a  certain  lot.  Per- 
sonally I  would  like  to  build  a  fireproof  building,  but  can  you  show 
nie  where  it  will  pay  me  to  do  it?"  I  sat  down  and  figured  for  two 
hours,  figuring  not  only  the  first  cost  but  the  depreciation  and  main- 
March,  1914 


208  Discussio)t — .1  Campaign  to  Prevent  Fire 

tenance,^ — three  items  which  govern, — and  I  could  not  produce  fig- 
ures which  would  show  that  it  would  pay  him  to  buikl  fireproof. 

In  my  opinion,  the  reason  for  our  exceedingly  great  fire  risk 
is  not  due  to  the  architects,  because  an  architect  must  do  as  the 
owner  of  a  building  desires,  to  a  large  extent;  if  not,  the  owner 
will  get  someone  else  who  will.  But  the  rate-making  bodies  have 
it  within  their  power  absolutely,  in  my  opinion,  to  very  largely  gov- 
ern this  question  of  hazard  by  fixing  the  rates  accordingly  and  giv- 
ing an  owner  a  premium  on  a  high  class  construction. 

I  think  the  rate-making  bodies  should  penalize  old  fire  traps  and 
cancel  insurance  if  elevators  and  stairways  are  not  properly  en- 
closed. If  the  National  Fire  Protection  Association,  having  the 
relationship  which  it  has  with  the  National  Hoard  of  Fire  Under- 
writers, could  influence  these  rate-making  bodies  to  cancel  these 
bad  hazards,  I  have  no  doubt  that  in  a  very  short  time  the  general 
fire  risk  of  a  great  many  sections  of  our  cities  would  be  greatly 
reduced,  and  owners  of  fire  traps  would  very  soon  put  such  build- 
ings in  proper  shape. 

We  have  with  us  tonight  Mr.  J.  C.  McDonnell,  Chief  of  the 
Bureau  of  Fire  Prevention  and  Public  Safety,  and  his  assistant,  Mr. 
E.  W.  Case,  who  are  endeavoring  to  enforce  the  rules  and  regula- 
tions of  the  bureau.     We  would  like  to  hear  from  them. 

/.  C.  McDonnell  (Chief.  Bureau  of  Fire  Prevention)  :  I  am 
glad  to  have  had  the  privilege  of  listening  to  the  address  which  has 
been  given  this  evening.  The  Chicago  13ureau  of  Fire  Prevention 
is  following,  in  as  nearly  a  practical  way  as  it  is  capable  of  doing, 
the  gospel  of  the  National  b^ire  Protection  Association. 

I  wish  that  such  an  address  as  we  have  had  this  evening  could 
be  given  before  the  Chicago  City  Council,  and  also  before  the  Chi- 
cago Fire  Department.  I  have  served  a  good  many  years  in  fight- 
ing fires,  hel])ing  scatter  a  lot  of  water  around,  breaking  crockery, 
glassware,  and  so  forth,  and  the  thought  often  came  to  me  that  a 
great  deal  of  the  work  was  wasted  energy,  and  that  much  of  it 
could  be  .saved  by  some  method  of  fire  picvention.  We  have  a  com- 
prehensive ordinance  to  follow,  and  are  doing  the  best  we  can.  \\'hen 
I  said  T  would  like  to  have  the  author  of  this  paper  address  the  Chi- 
cago City  Council,  I  had  in  mind  the  fact  that  some  of  the  men  who 
voted  for  the  orflinancc.  came  into  our  office  after  the  ordinance  had 
been  nassed,  and  expressed  themselves  as  wondering  what  was  the 
matter  with  them  wlieii  they  voted  for  such  an  ordinance.  It  makes 
a  lot  of  trouble  with  their  constituents. 

Mr.  Case  has  108  cases  in  court  tomorrow  morning,  but  that  is 
not  a  large  percentage  considering  that  we  have  made  approximately 
9,000  in.spections  thus  far  this  year. 

We  are  working  in  cooperation  with  the  fire  department  as  far 
as  is  possible  at  the  present  time,  and  the  men  that  come  into  the 
bureau  from  the  department,  as  inspectors,  are  active  firemen,  men 
who  have  submitted  themselves  or  have  taken  the  examination  for 
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the  first  step  in  promotion  in  the  department,  that  of  lieutenant. 
They  are  sent  to  us  in  civil  service  order,  and  it  will  be  but  a  com- 
paratively short  time  when  nearly  all  of  the  officers  of  the  depart- 
ment shall  have  gone  through  this  bureau  and  shall  have  had  the 
advantage  of  this  technical  training  as  inspectors. 

The  bureau  also  has  a  school.  We  have  a  class  every  Monday 
morning  in  the  public  hearing  room  of  the  City  Hall  for  those  who 
wish  to  come.  Typical  plans  of  buildings  are  drawn  on  the  black- 
board, and  the  firemen  practice  on  them.  Instead  of  an  almost  mean- 
ingless report  which  we  have  heretofore  been  getting  from  the 
various  officers  of  the  department,  one  of  those  inspectors  now 
makes  a  report.  The  complaint  appears  on  the  face  of  the  report, 
and  on  turning  to  the  back  of  the  sheet  we  find  a  picture  of  the 
building.  The  floor  plan  is  depicted,  the  dividing  wall,  the  end  walls, 
open  stairs  or  closed  stairs,  dummy  elevators,  and  things  of  that 
kind. 

So  by  coming  to  us  these  firemen  have  the  advantage  of  this 
technical  training,  then  they  reenter  the  department  as  officers,  as 
lieutenants.  This  training  has  created  enthusiasm  among  the  men, 
and  as  a  result,  instead  of  finding  the  men  playing  checkers  and 
dominoes  and  reading  dime  novels  and  the  Police  Gazette  during 
their  spare  time,  you  will  probably  find  them  reading  a  paper  on 
fire  protection,  safety  engineering,  and  other  such  matters.  I  think 
that  reason  alone  is  sufficient  for  the  existence  of  the  bureau. 

Through  the  requirements  of  the  law  we  are  conducting  fire 
drills  in  various  classes  of  buildings.  Mercantile  buildings  in  which 
a  certain  number  of  people  are  employed  above  a  certain  floor, — 
second,  third,  fourth,  or  fifth  and  so  on  up, — department  stores. 
and  the  schools,  are  required  to  have  fire  drills.  We  have  helped 
along  in  distributing  literature  on  fire  prevention  day.  I  was  very 
much  surprised,  shortly  after  October  9th  last,  to  see  in  the  public 
press  a  statement  emanating  from  the  superintendent  of  schools  to 
the  effect  that  if  the  fire  drills  and  fire  prevention  days  and  fire 
lessons  continued  they  would  have  to  eliminate  the  three  R's  in  the 
schools. 

The  bureau  is  yet  in  its  infancy.  Next  year  we  expect  to  have 
a  larger  force  than  we  have  tliis  year,  and  T  think  that  in  the  course 
of  a  few  years  Chicago  will  have  an  excellent  fire  prevention  bureau. 
As  the  author  said,  the  country  is  waking  up  to  the  fact  that  an 
ounce  of  fire  prevention  is  better  than  tons  of  water.  I  would  not 
for  an  instant  suggest  the  curtailing  of  fire  protection ;  we  must  have 
the  fire-fighting  forces,  because  fires  will  occur  in  spite  of  all  we 
can  do:  but  I  am,  of  the  firm  belief  that  if  5  to  10%  of  the  money 
expended  on  fire  extinguishment  were  diverted  to  fire  prevention 
it  would  accomplish  much  greater  results. 

E.  W.  Case  (Bureau  of  Fire  Prevention)  :  I  simply  want  to 
say  that  I  believe  we  have  in  the  fire  prevention  ordinance  of  Chi- 
cago one  of  the  best  ordinances,  if  not  the  best,  of  the  kind  in  the 
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United  States.  It  takes  care  not  only  of  the  new  buildings  of  vari- 
ous types  of  construction,  but  also  gives  the  Bureau  power  to  cor- 
rect defects  in  old  buildings. 

I  believe  the  author  gave  us  the  crux  of  the  whole  matter  when 
he  impressed  upon  us  the  necessity  of  educating  our  citizens  to 
know  what  the  fire  loss  of  the  United  States  means  to  the  individual. 
Until  that  condition  is  brought  about  we  will  have  more  difficulty  in 
enforcing  the  ordinances  passed  by  the  cities  or  the  states. 

Mr.  Davidson:  We  would  like  to  hear  from  ]\Ir.  Robinson, 
Chief  Engineer  of  the  Underwriters'  Laboratories,  located  in  Chi- 
cago.   Mr.  Robinson  is  also  a  member  of  this  Society. 

IV.  C.  Robinson,  m.  w.  s.  e.  :  I  am  not  very  well  prepared  to 
speak,  but  one  thought  brought  out  by  the  author  relating  to  the 
engineering  side  of  tlie  fire-protection  and  fire-prevention  problem 
ought  to  be  emphasized.  I  refer  to  the  question  of  preventing  any 
fire  which  may  start  from  becoming  more  than  a  unit  fire.  If  every 
property  owner  did  his  full  share  in  preventing  the  horizontal  travel 
of  fire  in  cities,  particularly  in  congested  districts,  the  conflagra- 
tion hazard,  that  undetcrminal)le  element  mentioned  by  the  author, 
would  not  exist,  and  we  would  be  in  a  position  to  establish  methods 
more  closely  approximating  those  of  the  life  insurance  companies. 

The  first  time  1  heard  this  question  mentioned  was  in  an  ad- 
dress delivered  by  U.  C.  Crosby  in  jNIilwaukec,  a  good  many  years 
ago.  This  thought  impressed  me  very  much  at  the  time.  It  also 
impressed  me  strongly  during  a  visit  to  San  Francisco  after  their 
fire  when  I  was  much  surprised  to  find  the  prevailing  impression 
that  the  installation  of  high-j)rcssure  water  pipes  several  blocks 
apart  would  serve  as  an  absolute  barrier  to  the  spread  of  fire  in  cer- 
tain portions  of  the  city  filled  with  frame  buildings. 

It  shoidd  have  been  known,  particularly  in  view  of  the  experi- 
ence through  which  the  city  had  just  passed,  that  such  an  arrange- 
ment would  not  work  out  the  salvation  of  the  city  so  far  as  tlic 
spread  of  fire  was  concerned,  for  the  reason  that  the  protection 
was  not  carrie<l  close  enough  to  the  units  and  that  fire  could  easily 
involve  a  great  many  units  and  gain  headway  which  would  render 
the  projjosed  protection  ineffective. 

As  the  author  said,  there  is  not  much  hope  for  a  frame  city 
imder  soiuc  conditions.  .At  the  same  time,  if  high  pressure  svstems 
are  able  to  furnish  the  tremendous  volume  of  water  which  may  be 
re(|uired  under  such  conditions,  and  the  .system  is  brought  close  to 
all  of  the  units,  the  danger  of  the  conflagratitm  will  be  greatly  re- 
duced, if  not  practically  eliminated. 

In  our  metropolitan  districts  the  aim  should  be  to  prevent  fire 
from  becoming  more  than  a  unit  fire.  If  a  man  builds  a  building, 
no  matter  what  the  building  may  be.  he  should  be  obliged  to  pro- 
vide the  necessary  safeguards  against  the  horizontal  spread  of  fire. 
The  cost  of  doing  this  wonid  be  largely  proportionate  to  the  hazard 
he  creates,   that   is,  the  man   having  the   smaller   property   would 
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naturally  not  have  to  spend  as  much  as  the  man  having  the 
larger  property.  The  costs  may  not  be  in  direct  proportion  but 
would  probably  be  in  a  large  measure  proportionate  to  the  respective 
hazards  created,  and  would  seem  to  justify  a  general  requirement. 
This  is  the  most  effective  way  of  coping  with  the  conflagration  haz- 
ard I  have  been  able  to  discover. 

The  author  spoke  of  fire  fighting  at  a  given  number  of  stories 
above  street  level.  Next  to  the  automatic  sprinkler  system,  the 
standpipe  and  hose  system  furnishes  the  best  means  of  coping  with 
fire  under  such  conditions.  It  can  be  made  to  embody  practically 
every  feature  of  the  sprinkler  system  except  the  automatic  feature. 
The  present  method  of  installmg  and  using  such  systems  in  no  wise 
takes  care  of  the  situation ;  that  is,  the  standpipe  and  hose  system 
is  as  yet  not  fully  developed,  is  not  fully  or  properly  equipped,  and, 
as  a  general  thing,  is  not  effectively  used.  I  think  that  Chief  Mc- 
Donnell and  perhaps  others  here  appreciate  this.  The  authorities 
in  the  city  of  New  York  have  been  obliged  to  recognize  the  im- 
portance of  this  apparatus,  and  it  is  probable  that  more  of  these 
systems  are  made  use  of  in  one  month  in  that  city  than  in  all  the 
rest  of  the  cities  of  the  country  put  together.  Reports  covering 
fires  in  New  York  where  standpipes  are  used  are  sent  to  me  periodi- 
cally. 

If  the  standpipe  system  is  as  well  designed  and  equipped  as 
any  other  apparatus  the  fire  department  is  called  upon  to  use,  it 
may  have  a  much  greater  scope  than  the  protection  of  the  building 
in  which  it  is  installed.  Streams  from  the  standpipes  in  one  build- 
ing may  be  brought  to  bear  on  fires  in  adjoining  or  nearby  buildings 
where  the  burning  stories  are  otherwise  inaccessible  to  firemen.  If 
your  fire-fighting  equipment  is  not  automatic,  you  must  be  able  to 
at  least  place  men  within  striking  distance  of  the  fire.  In  congested 
districts  having  high  buildings,  the  standpipe  systems,  in  such  build- 
ings would  constitute  a  valuable  auxiliary  in  reducing  the  possi- 
bility of  what  have  been  termed  aerial  conflagrations. 

Mr.  Davidson:  Speaking  of  protection  from  standpipe  sys- 
tems, I  am  reminded  of  an  incident  that  happened  in  connection  with 
one  of  the  large  office  buildings  in  Chicago  a  few  years  ago  when  a 
slight  fire  occurred  in  the  building.  It  seemed  that  the  standpipe 
went  up  the  elevator  shaft  and  the  contractor  bricked  all  the  nipples 
into  the  masonry  solid,  allowing  no  room  for  expansion.  Fire  in- 
vaded the  elevator  shaft  and  they  tried  to  use  the  standpipe  and  hose, 
but  the  nipples  were  all  broken  off  at  the  riser. 

Another  interesting  item  of  statistics :  I  was  told  some  time  ago 
that  if  there  should  be  a  general  conflagration  in  lower  Manhattan 
and  it  was  a  total  loss,  there  is  enough  insurable  property  there 
covering  an  area  of  about  three-quarters  of  a  square  mile  which,  if 
the  insurance  companies  had  to  pay  it  all,  would  require  every 
available  dollar  in  the  United  States.  That  gives  an  idea  of  the 
insurable  value  of  the  contents  of  a  very  small  area. 
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THE  CEMENT  GUN  AND  ITS  WORK 

Carl  WiiuiiK,  m.  \v.  s.  e. 
Presented  March  Q,  IQ14. 

INTRODUCTION. 

The  Cement  Gun  is  a  machine  invented  about  six  years  ago  for 
the  jnirpose  of  "shooting"  a  coating  of  cement  mortar  or  the  like 
onto  construction  surfaces,  as,  for  instance,  on  concrete,  brick, 
tile,  wood  and  steel  work. 

The  Gun  is  operated  with  compressed  air.  The  mortar  is 
deposited  in  a  uniform  coat  with  so  great  a  force  that  it  not  only 
adheres  to  new  and  old  surfaces  with  utmost  tenacity  but  it  also 
expels  by  its  im[)act  all  superfluous  air  and  water,  and  in  this  man- 
ner becomes  so  dense  that  it  is  an  excellent  waterproofing  medium. 

If  used  on  interior  or  exterior  wall  surfaces  the  finished  product 
resembles  cement  stucco  and,  as  a  matter  of  fact,  the  original  pur- 
pose and  the  first  work  to  which  the  Cement  Gun  was  applied  was 
the  production  of  such  work.  It  soon  became  apparent,  however, 
that  the  product  of  the  Cement  Gun  was  superior  to  handwork 
and  that  the  material  displayed  qualities  which  put  it  in  a  class  all 
by  itself  as  will  be  shown  later  in  this  paper.  Therefore,  and  in 
order  to  distinguish  the  Cement  Gun  product  from  all  other  classes 
of  cement  work,  the  name  "Gunite"  was  adopted  for  the  same. 

The  first  practical  work  of  the  Cement  Gun  was  the  covering 
of  the  old  Fiekl  Museum  with  a  coat  of  gypsum  stucco,  a  highly 
successful  experiment. 

Although  the  first  principles  were  proven  to  be  absolutely  cor- 
rect, the  form  of  the  machine  and  tlie  method  of  operating  it  have 
been  greatly  improved. 

Figure  1  gives  a  view  of  one  of  the  modern  machines,  while  in 
Fig.  2  one  of  the  older  types  of  the  machine  is  illustrated.  Between 
these  two  forms  there  were  numerous  but  now  obsolete  types,  of 
which  a  few  are  still  in  use.  Tlie  difl'ercnce  in  height  of  the  two 
machines  is  especially  noticeable,  also  the  different  form  of  the  hop- 
pers and  the  arrangement  of  the  air  motor. 

The  greatest  advantage  of  the  new  Cement  Gun  is  its  increased 
working  cai>acity.  which  is  about  three  times  as  much  as  that  of  the 
older  tyi)c.  The  light  weight  of  the  new  Gun  and  the  convenient 
arrangement  of  all  its  working  parts  also  help  very  materially  to 
reduce  the  cost  of  work. 

Cement  Guns  have  been  used  on  the  Panama  Canal,  the  New 
York  Central  Terminal  Station,  the  Woolworth  lUiilding.  the  Cro- 
ton  (N.  Y.)  Aqueduct,  constructiim  of  large  reservoirs  in  San 
I'Vancisco  and  Nashville,  in  the  Hawaiian  Islands,  for  viaducts  in 
Spain  and  other  work. 

The  Cement  Gun  fills  an  important  field  in  engineering  work 

Vol.  XIX.  No.  3 


Weber — The  Cement  Gun  and  Its  Work 


273 


for  waterproofing,  protection  of  steel,  the  lining  of  tunnels,  reser- 
voirs, shafts,  ditches  and  canals,  etc.,  and  the  repairing  of  disin- 
tegrated concrete,  masonry  and  brick  work.  Although  there  is  still 
a  large  amount  of  gun  stucco  work  done  on  ordinary  building  con- 
struction, the  engineering  work  is  now   decidedly  predominant. 


2 

Fig.    1 — Modern   Type    of    Cement    Gun. 


OPERATION    OF   THE    CEMENT   GUN. 

Figure  1  illustrates  the  modern  Cement  Gun  in  working  posi- 
tion ;  if  the  same  is  to  be  moved,  the  machine  is  tilted  over  and  by 
means  of  the  handle  bars,  M,  it  is  wheeled  about  like  a  cart. 

The  air  line  from  the  compressor  is  connected  at  A  to  the 
main  air  pipe,  which  by  its  branches  conveys  the  air  to  the  motor 
H,  driving  the  feed  wheel  to  the  lower  C  and  upper  B  material  hop- 
pers and  to  the  main  outlet  valve  GEF.    At  dilTerent  points  in  the 
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air  lines  the  necessary  cocks,  check  valves,  oilers,  and  pressure 
gauges  are  provided  as  shown  in  the  picture. 

The  operation  of  the  Gun  is  simple.  Fig.  3  shows  a  vertical 
cross  section.  The  inside  construction  and  the  method  of  operation 
are  easily  understood  from  this  drawing. 

The  material,  which  has  been  previously  mixed  dry  in  the  right 
proportion,  is  thrown  into  the  upper  receiving  hopper  B  which  has 
a  capacity  of  about  3  cu.  ft.  Then  the  upper  cone  valve  is  closed 
and  compressed  air  is  admitted  so  that  the  air  pressure  in  hoppers 
B  and  C  become  equal. 

r.v  the  weight  of  the  material,  the  lower  cone  valve  opens  and 


I  >M.  r 


yp 


(."cnunt  Gun 


admits  the  material  into  the  lower  hopper.  Then  the  lower  c<mic 
valve  is  closed.  An  air  outlet  valve  in  hopper  B  emits  the  com- 
pressed air  and  hopper  B  is  ready  for  another  charge. 

In  this  manner  the  lower  hopper  C  is  always  luuler  equal  pres- 
sure and  contiiuious  oiicratittn  of  the  Gun  is  made  j>ossihle. 

At  the  bottom  of  hopjjcr  C  there  is  the  cone-shaped  feed  wheel 
/),  which  has  a  number  of  small  pockets  equally  spaced  on  its  outer 
Q{\^c.  This  feed  wheel  is  gear-connected  to  the  air  motor  H ,  which 
keeps  the  wheel  in  continuous  rotation.  As  the  feed  wheel  rotates, 
it  carries  in  its  pockets  measured  quantities  of  material  into  the 
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Stream  of  compressed  air  entering  at  E,  which  blows  the  material 
into  the  delivery  hose  connected  at  jF.  The  pockets  on  this  feed 
wheel  are  so  arranged  that  before  the  material  is  entirely  fed  out  of 
one  pocket,  the  feeding  begins  from  the  next  one,  so  that  the  flow 
of  material  is  smooth  and  even.  /  is  an  agitator  revolving!  with 
the  feed  wheel.  K  is  the  large  gear  wheel  connecting  the  air  motor 
H.  L  is  the  foot  rest  and  G  is  the  shut-off  valve  with  a  by-pass 
which  automatically  cleans  the  hose. 

With  the  lower  tank  full  of  material,  the  operation  of  the  ma- 
chine proceeds  as  follows :  Air  is  admitted  to  the  air  motor  which 
starts  the  feed  wheel  in  motion ;  the  air  line  to  valve  G  is  then 
opened,  but  as  the  slide  is  closed  the  air  does  not  enter  the  machine 
but  escapes  through  the  by-pass  in  the  body  of  the  valve  out  through 
the  material  hose,  cleaning  the  hose  and  creating  a  suction  which 


Fig.  3 — Construction  Details,  Modern  Cement  Gun. 


prevents  clogging  on  opening  the  valve  slide ;  this  slide  is  then 
opened  and  the  material  begins  to  discharge  at  the  nozzle. 

The  delivery  hose  is  made  of  pure  soft  rubber  covered  with 
heavy  canvas  and  may  be  300  ft.  in  length  and  even  more.  It  is 
usually  made  up  in  sections  of  50  ft.  each,  united  by  special  metal 
couplings. 

At  the  end  of  the  hose  line  is  the  rubber-lined  metal  nozzle, 
which  is  also  connected  to  a  water  hose  in  such  a  manner  that  a 
fine  spray  of  water  is  added  to  the  material  as  it  rushes  through 
the  nozzle.     A  small  screw  valve  enables  the  nozzle  man  to  cor- 
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rectly  adjust  the  amount  of  water  needed  for  the  proper  hydration 
of  the  material. 

It  is  characteristic  of  the  Cement  Gun,  and  of  greatest  impor- 
tance for  the  quahty  of  the  work,  that  the  material  is  delivered 
"dry"  through  the  machine  into  the  nozzle,  and  that  the  necessary 
water  for  hydration  is  added  at  the  moment  of  deposit.  The  hy- 
dration of  the  material  really  takes  place  in  the  air  between  the  noz- 
zle and  the  place  of  deposit  and  any  loss  of  the  binding  power  of 
the  cement  in  transit  is  absolutely  avoided.  Th€  initial  set  of  the 
cement  takes  place  on  the  structure  and  not  in  the  mortar  box. 

Another  very  important  factor  of  the  Cement  Gun  process  is 
that  only  the  proper  amount  of  water  for  perfect  hydration  can  be 
added  because  all  superfluous  water  is  expelled  automatically  by 
the  force  of  impact  of  the  material  at  its  place  of  deposit. 

If  we  consider  that  the  air  in  the  Cement  Gun  does  not  act 
as  a  plunger  in  forcing  the  material  through  the  delivery  hose  but 
carries  the  materials  by  suspension  and  skin  friction,  we  can  easily 
understand  that  only  a  dry  material  can  be  successfully  conveyed 
by  air  pressure  and  that  only  a  machine  shooting  dry  material  can 
be  self  cleaning  and  free  from  clogging  and  excessive  wear. 

The  air  consumption  of  the  Cement  Gun  is  very  economical. 
An  air  compressor  delivering  about  40  cu.  ft.  of  compressed  air 
at  45  lb.  pressure,  which  is  equal  to  about  150  cu.  ft.  of  free  air  per 
minute,  is  sufficient  for  the  ordinary  working  capacity  of  the  Gun 
of  say  1^  cu.  yd,  of  dry  material  per  hour.  A  larger  volume  of 
air  at  higher  pressure  will  greatly  increase  the  capacity  up  to  a 
maximum  of  about  4  cu.  yd.  per  hour. 

The  working  cajxicity  of  the  Cement  Gun  depends  upon  many 
different  factors.  The  experience  of  the  crew,  the  kind  of  work 
to  be  done,  and  the  method  and  tiiickness  of  the  coating  must  be 
taken  into  consideration.  The  distance  of  delivery  and  the  height 
of  elevation,  however,  are  of  minor  importance.  As  stated  before, 
the  capacity  of  the  Cement  Gun  is  up  to  4  cu.  yd.  per  hour,  but  if  a 
thin  coaling  is  applied  it  is,  of  course,  impossible  to  utilize  more 
than  a  fraction  of  the  Gun's  capacity  under  actual  working  con- 
ditions. 

In  l-'ig.  4  the  Cement  Gun  is  shown  in  operation  on  a  reservoir 
lining  at  Nashville,  Tenn.  The  picture  clearly  shows  the  location 
of  the  Gun,  the  working  crew,  and  the  form  of  movable  scaffold 
used  on  the  job.  The  upjjcr  man  on  the  scaffold  is  handling  the 
nozzle  and  the  two  different  lines  for  water  and  material  uniting  at 
the  nozzle  can  be  readily  distinguished.  The  workman  on  the  bot- 
tom is  cleaning  the  surface  by  washing  the  same  with  a  water  jet 
of  high  pressure.  The  air  compressor  may  be  located  wherever 
most  convenient.  It  may  be  at  practically  any  distance  from  the 
Gun.  The  connection  is  made  by  a  flexible  hose  or  a  pipe  line,  and 
although  there  is  a  certain  loss  of  air  pressure  due  to  friction  in 
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the  line,  in  practical  work  this  can  easily  be  compensated  for,  and 
the  loss  is  a  negligible  amount. 

Before  the  cement  coat  can  be  applied,  it  is  usually  necessary 
to  clean  the  surfaces  and  different  methods  must  be  used  to  meet 
the  special  requirements.  While  scum  and  dirt  in  reservoirs  can 
often  be  washed  off,  it  is  at  times  necessary  to  use  a  sandblast  for 
this  purpose ;  especially  is  this  true  on  steel  work.  Before  old  ma- 
sonry, concrete,  or  brick  work  can  be  coated,  it  is  frequently  neces- 
sary to  deepen  the  joints  or  even  roughen  the  entire  surface  re- 
moving all  loose  and  decayed  particles  from  the  structure.  For 
such  work  the  Cement  Gun  process  is  doubly  advantageous  for  the 
reason  that  the  Gun  in  itself  is  a  most  effective  sandblasting  ma- 
chine.   Both  dry  and  wet  sandblasting  is  done  most  advantageously 


Fig.  4 — Cement  Gun  in  Operation  at  N. 


•ille. 


with  the  Cement  Gun  while  the  powerful  airblast  can  be  utilized 
for  removing  loose  dirt  and  dust.  Air  tools  of  all  known  varieties 
can  be  connected  to  the  pressure  lines  and  the  flexible  hose  connec- 
tions allow  access  to  even  the  most  concealed  corners  which  could 
not  be  reached  by  any  other  method. 

A  good  soft  rubber-lined  hose  for  this  Gun  will  give  over  a 
month  of  continuous  service  if  used  with  care.  For  longer  trans- 
portation lines  and  in  straight  sections  which  are  not  moved  fre- 
quently steel  pipes  may  be  used.  For  curved  sections,  however,  rub- 
ber hose  is  imperative,  as  a  curved  steel  pipe  will  be  worn  out  after 
a  few  hours'  work.    The  rubber  lining  of  the  nozzle  will  last  from 
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one  to  two  weeks.  Without  this  lining  the  brass  nozzle  end  would 
be  destroyed  in  a  short  time. 

It  is  necessary  that  the  hose  be  made  of  the  most  flexible  pure 
soft  rubber.  y\lthough  such  a  hose  is  considerably  higher  in  price 
than  the  ordinary  varieties,  it  is  by  far  the  cheapest  in  operation 
owing  to  its  lasting  qualities. 

For  general  information  it  may  here  be  added  that  the  weight 
of  a  Cement  Gun  is  about  1100  lb.  Its  height  to  the  top  of  the  upper 
hopper  is  54  in.  The  wheels  are  36  in.  high,  and  the  extreme  width 
is  37  in.  The  air  line  from  compressor  to  Gun  is  usually  1^  in. 
in  diameter.  The  material  hose  is  from  1  in.  to  l^'a  in.  inside 
diameter  and  the  water  hose  to  the  nozzle  is  ^  in. 

The  air  pressure  is  from  35  to  45  lb.  per  sq.  in.,  and  although 
an  air  compressor  of  about  100  cu.  ft.  capacity  (free  air)  would 
suffice  for  all  ordinary  work,  it  is  advisable  to  use  a  compressor  of 
about  150  to  160  cu.  ft.  capacity.  The  cost  of  operating  the  larger 
compressor  will  be  very  little  .higher  and  is  more  than  compensated 
tor  by  the  increased  efficiency  of  the  Cement  Gun.  A  motor  from  20 
to  25  h.  p.  will  be  necessary  for  operating  this  compressor,  and  gas, 
steam,  or  electric  power  may  be  used  as  conditions  suggest. 

The  working  crew  of  the  Gun  usually  consists  of  four  to  six 
men,  which  are  a  foreman,  two  or  three  material  men  at  the  Gun, 
and  a  nozzle  man.  This  is  all  that  is  necessary  for  ordinary  work. 
If,  however,  reinforcement  is  to  be  placed,  or  a  special  finish  or 
surface  preparation  is  required,  the  number  of  men  must  be  corre- 
spondingly increased. 

C.UNITE. 

As  stated  before,  the  product  of  the  Cement  Gun  is  called 
"Gunite"  in  order  to  distinguish  it  from  ordinary  cement  stucco  or 
plaster  work,  and  for  the  reason  that  the  material  develops  qualities 
which  put  it  in  a  class  all  by  itself. 

Gunite  is  usually  a  cement  mortar  composed  of  about  one  part 
of  Portland  cement  and  three  parts  of  coarse,  sharp  sand  passing 
through  a  }i  in.  screen.  Although  other  compositions  may  be  used 
and  liydrated  lime  or  any  other  ingredients  may  be  added,  it  has 
been  found  in  practice  that  the  one-to-three  cement  and  sand  mix- 
ture is  the  most  advantageous  and  efficient. 

For  ordinary  stucco  work  on  buildings,  a  one-to-four  mixture 
is  often  sufficient.  au<l  even  a  still  weaker  mixture  with  a  small 
percentage  of  hydrated  lime  addeil  can  be  used  if  desired,  or  if  ut- 
most economy  nuist  be  used  on  the  work.  For  engineering  work, 
however,  the  cement-sand  mixture  of  one-to-three  is  mostly  used 
without  the  addition  of  anything  else. 

To  fully  understand  the  advantages  of  Gunite  over  ordinary 
cement  work,  it  is  necessary  that  we  follow  the  process  of  forma- 
tion of  the  deposit  as  it  occurs  on  the  surface  to  lie  coated.  Fig.  5 
shows  the  nozzle  in  action,  and  the  method  of  shooting  is  clearly 
demonstratoil  in  tliis  view.     After  the  wall  surfaces  have  been  pre- 
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pared  for  the  Gunite  coat  by  cleaning,  or  whatever  other  prepara- 
tion such  as  tooling  or  the  like  was  necessary,  and  after  the  rein- 
forcement which  is  provided  for  the  work  has  been  placed,  the 
stream  of  material  is  directed  against  the  surface  as  shown. 

The  material  leaves  the  nozzle  with  a  velocity  of  about  300  ft. 
per  second  and  as  it  strikes  the  hard  surface  the  sand  will  rebound 
and  fall  down.     Onlv  the  neat  cement  will  first  adhere  until  a  coat 


Fig.  5 — Gun  Nozzle  in  Operation. 

thick  enough  to  hold  the  sand  has  been  formed.  Then  the  rebound 
stops  almost  entirely  and  the  coat  is  built  up  grain  by  grain  until 
the  required  thickness  has  been  attained.  In  this  manner  a  film  of 
neat  cement  is  formed  automatically  between  the  old  and  the  new 
work  on  every  inch  being  covered,  thus  sealing  every  pore.  Not 
only  on  the  surface  itself  but  also  around  every  reinforcing  bar  or 
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wire  the  same  process  takes  place  and  thereby  a  bond  is  secured 
which  cannot  be  obtained  in  any  other  way.  No  matter  what  kind 
of  a  surface  is  being  covered,  steel  or  wood,  stone,  concrete  or 
brick,  the  first  film  of  neat  cement  is  sure  to  be  there  regardless  of 
the  amount  of  sand  added  to  the  cement  mixture. 

This  point  is  of  great  importance  and  every  engineer  or  archi- 
tect will  fidly  appreciate  its  value.  We  all  know  how  difficult  it  is 
to  bond  cement  to  old  surfaces  and  that  only  an  even  coat  of  neat 
cement  can  give  any  assurance  of  success.  In  handwork,  even  in 
spite  of  most  rigid  specifications  and  inspection,  it  is  practically 
impossible  to  get  this  bonding  film  applied  in  the  proper  manner 
and  in  the  proper  time.  If  applied  at  all  it  must  of  necessity  be 
done  ahead  of  the  other  work  and  be  partially  set  before  the  actual 
coating  is  done,  or  even  dry  out  and  become  worse  than  useless. 

By  the  Cement  Gun  process  this  coat  is  formed  automatically 
at  the  only  moment  when  it  is  effective,  and  the  most  careless  noz- 
zleman  could  not  omit  it,  even  if  he  w^ere  paid  a  premium  to  do  so. 
This  bonding  film  of  neat  cement  is  characteristic  of  Gunite  and 
is  inseparable  from  its  application. 

As  the  "shooting"  continues  this  forcing  ahead  of  the  neat 
cement  by  impact  is  continuously  repeated,  and  every  grain  of  sand 
which  does  not  find  a  perfect  bed  or  which  is  not  immediately  en- 
veloped with  cement  will  rebound  and  be  forced  out.  Any  pores 
remaining  will  be  immediately  filled  by  the  following  mass  and  all 
air  and  surplus  moisture  is  forciby  ejected. 

The  amount  of  water  in  the  mass  is  regulated  automatically 
under  all  temperatures  and  weather  conditions.  If  not  enough  wa- 
ter is  used  the  Gunite  coat  cannot  adhere  and  all  surplus  moisture 
is  expelled  as  demonstrated  before.  All  the  w^ater  regulation  re- 
quired by  the  nozzleman  is  to  see  that  the  Gunite  coat  sticks  with- 
out running;  the  rest  is  taken  care  of  by  the  Gun.  The  resulting 
Gunite  coaling  must  therefore  be  uniform  throughout,  of  greatest 
possible  density,  and  of  100%  efficiency. 

Another  factor  of  great  importance  is  that  Gunite  forms  a  per- 
fect bond  to  the  reinforcement  which  has  been  inserted  in  the  coat- 
ing, and  at  every  place  intimate  contact  between  steel  and  concrete 
must  exist.  If,  for  instance,  a  thin  cement  coat  is  plastered  by  hand 
over  a  wire  mesh  or  other  reinforcement,  the  action  of  the  float 
and  trowel  causes  continuous  jarring  and  vibrating  of  the  steel 
within  the  cement  mass,  which  is  still  further  emphasized  by  the 
elasticity  of  the  reinforcement  and  the  suction  under  the  trowel. 
In  nuiucrous  places  around  the  wires  or  bars,  open  spaces  will  be 
formed  in  which  the  wires  lie  without  contact  with  the  surrounding 
concrete.  In  Gunite  this  is  impossible  for  the  reason  that  the  mass 
is  built  up  around  each  individual  piece  of  the  reinforcement  with- 
out the  slightest  vibration,  and  a  loosening  of  the  steel  within  the 
coating  is  impossible  no  matter  how  thin  the  same  may  be  applied. 

These  facts  have  been  confirmed  by  field  and  laboratory  tests 

Vol.  XIX,  No.  3 


Weber — The  Cement  Gun  and  Its  Work  281 

by  Messrs.  Westinghouse,  Church,  Kerr  &  Co.,  engineers.  New 
York.  The  tests  were  made  to  compare  the  qualities  of  hand- 
work with  Gunite. 

The  final  report  of  Westinghouse,  Church,  Kerr  &  Co.,  which 
very  elaborately  shows  in  figures,  words,  and  photographs,  all  the 
different  testing  machines  and  methods  employed,  gives  the  results 
of  these  tests  in  the  following  sentences : 

CONCLUSIONS. 

"In  all  of  the  tests  made  the  product  of  the  cement  gun 

showed   superior  to   good   hand-made   products   of   the   same 

kind.     The  degree  of  superiority  varied  between  wide  limits. 

"In  tensile  strength  the  gun  work  excelled  hand  work  in 

every  case  by  amounts  ranging  from  20  to  260  per  cent. 

"In  compressive  strength  the  excellence  of  the  gun  work 
was  even  more  marked,  ranging  from  20  to  720  per  cent  bet- 
ter than  hand  work. 

"In  the  matter  of  surface  permeability  the  gun  work  ab- 
sorbed from  7-10  down  to  1-20  as  much  water  per  hour,  per 
unit  of  area  as  the  similar  hand-made  surfaces. 

"As  regards  absorption  of  water,  the  hand-made  mortars 
took  up  from  1.4  to  5.3  times  as  much  as  the  gun-made  mortars. 
"The  percentage  of  voids  of  the  gun-made  product  ranged 
from  52  to  75  per  cent  to  that  of  the  hand-made  product. 

"The  adhesion  of  the  gun-applied  mortars  was  on  an 
average  27  per  cent  better  than  that  of  the  hand  work." 
In  Table  I  the  results  of  the  tensile  strength  tests  are  given 
in  detail.  Various  mixtures  of  cement  and  sand  were  employed 
and  to  some  of  these  mixtures  lime  to  the  amount  of  15%  and  25% 
of  the  weight  of  the  cement  was  added,  as  shown  in  columns  Nos. 
2  and  3.  The  description  of  the  dififerent  kinds  of  sand  used  is 
given  in  column  No.  4,  while  the  results  occupy  the  last  columns 
of  the  table. 

Attention  is  called  to  columns  7  and  10  of  this  table,  which 
show  that  Gunite  is  from  1 3/  to  2}A  times  as  strong  as  hand  made 
concrete  of  the  same  materials. 

In  Table  II  the  results  of  compressive  strength  tests  are  tabu- 
lated. The  same  mixtures  of  cement,  lime,  and  sand  were  used. 
The  mixtures  were  applied  by  hand  and  by  the  Cement  Gun  to  sur- 
faces to  the  thickness  of  2  in.  Then  2  in.  cubes  were  cut  fmm 
these  mortars  by  means  of  a  metal  cutter  or  die.  The  figures  in 
the  table  are  self  explanatory.  Attention  is  called  to  the  last 
column,  which  shows  the  decided  superiority  of  Gunite.  The  test 
pieces  were  28  days  old  when  the  tests  were  made. 

In  Table  Iirthe  results  of  the  permeability  tests  are  given. 
As  most  of  the  Gunite  work  is  done  for  water  and  weather  proof- 
ing purposes,  for  protection  of  steel  structures,  lining  of  water  res- 
ervoirs, etc.,  this  table  is  very  important. 
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The  same  mixtures  were  used  for  these  tests  as  given  in  the 
preceding  pages.  Concrete  slabs  1  in.  thick  were  prepared  by  plas- 
tering over  a  wire  mesh.  The  slabs  were  12  in.  square  and  finished 
off  on  top  as  they  would  be  in  best  practice.     For  the  tests  the 


RESULTS 

OF  TENSILE 

STRENGTH  TESTS 

Mix 
No. 

Propor- 
tion 

Cement 
to  Sand 

Lb  . 
Lime 
added 
per  bag 
of  Cem- 
ent. 

Kind  of  Sand. 

Age  7  days      ,'Age  28  days 

Hand 
plied 

Gun 
Ap- 
plied. 

Ration 
Gun  to 
band  ap- 
plied. 

Hand 
plied. 

Gun 
Ap- 
plied. 

Ratio 
Gun  to 
band  ap- 
plied. 

1 

1  to3 

none 

Cow  Bay 
under  1-8  inch 

187 

359 

1.92 

254 

441 

1.74 

2 

1  to  3 

15 

do 

231 

377 

1.63 

255 

390 

1.53 

3 

1  to  3 

25 

do 

230 

323 

1.41 

232 

351 

1.51 

4 

1  to  4 

none 

do 

140 

268 

1.92 

196 

353 

1.80 

5 

6 

1  to  4 

15 

do 

157 

293 

1.86 

180 

337 

1.87 

1  to  4 

25 

do 

131 

345 

2.64 

175 

355 

2.03 

7 

lto3 

none 

under  1-16  in. 

214 

325 

1.52 

293 

377 

1.30 

8 

1  to4 

none 

do 

169 

193 

1.14 

228 

266 

1.20 

9 

1  to3 

none 

Std.  Ottawa 

214 

463 

2.20 

290 

661 

2.30 

10 

1  to4 

none 

do 

164 

346 

2.10 

222 

601 

2.70 

11 

1  to  5 

none 

do 

108 

530 

4.90 

148 

540 

3.60 

12 

1  to3 

none 

Fine  Beach 
Sand 

70 

206 

2.94 

94 

234 

2.50 

13 

lto4 

none 

do 

67 

183 

2.73 

93 

232 

2.50 

14 

lto5 

none 

do 

71 

113 

1.59 

89 

179 

2.00 

15 

lto4 

25 

do 

108 

200 

1.85 

124 

215 

1.70 

16 

1  to  7 

none 

do 

22 

83 

3.80 

40 

101 

2.50 

17 

1  to  9 

none 

do 

17 

73 

4  30 

26 

92 

3.50 

Table  I. 


specimens  were  coated  with  a  ring  of  osokerite,  and  a  round  iron 
cap  filled  with  water  was  damped  over  the  uncovered  surfaces  and 
tightened  with  rubber  rings.  A  graduated  glass  tube  to  measure 
the  amount  of  absorption  was  sealed  into  the  iron  cap.     The  rate 
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of  absorption  of  the  surface  is  given  in  cubic  centimeters  per  hour 
on  0.02  square  meters  of  surface,  both  for  the  hand  and  Gun  ap- 
plied mortars  at  the  age  of  one  month. 


RESULTS  OF  COMPRESSIVE  STRENGTH  TESTS. 

Mix 
No. 

Proportion 

Cement  to 

Sand 

Lb  . 
Lime 
added 
per  bag 
of  ce- 
ment. 

Kind  of  Sand 

Hand 
applied 

Gun 
applied 

Ratio 
Gun  to 

hand 
applied. 

1 

1  to3 

none 

Cow  Bay 
under  1-8  in. 

2084 

3530 

1.7 

2 

1  to3 

15 

do 

1469 

4031 

2.8 

3 

lto3 

25 

do 

1990 

3000 

1.5 

4 

lto4 

none 

do 

1296 

3122 

2.4 

5 

lto4 

15 

do 

1343 

2487 

1.9 

6 

1  to  4 

25 

do 

1528 

3205 

2.1 

7 

1  to3 

none 

Cow'  Bay 
under  1-16  in, 

1695 

4780 

2.8 

8 

lto4 

none 

do 

1008 

2573 

2.5 

9 

lto3  . 

none 

Std.  Ottawa 

2406 

2936 

1.2 

10 

lto4 

none 

do 

1770 

3459 

2.0 

11 

1  to5 

none 

do 

1740 

2949 

1.7 

12 

lto3 

none 

Fine    Beach 
Sand 

1123 

2547 

2.3 

13 

lto4 

none 

do 

663 

2171 

3.3 

14 

lto5 

none 

do 

756 

1270 

1.7 

15 

1  to4 

25 

do 

1064 

2571 

2.4 

16 

lto7 

none 

do 

362 

709 

2.0 

17 

lto9 

none 

do 

99 

811 

8.2 

Table  IL 


The  last  column  shows  the  ratio  of  the  surface  permeability 
of  Gunite  to  the  hand  product.  In  many  cases  of  Gun  work  the 
absorption  was  so  slight  for  the  first  hours  of  the  test  that  it  could 
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not  be  accurately  read  on  tlie  scale  of  the  apparatus.  These  tests 
were,  therefore,  continued  for  a  number  of  hours,  and  to  get  the 
rate  of  absorption  per  hour  the  total  absorption  for  the  entire  tests 
was  averaged. 

Table  IV  shows  the  results  of  the  absorption  tests  made  to 


RESULTS  OF  PERMEABILITY  TESTS 

Mix 
No. 

Proportion 
Cement   to 
Sand. 

Lb  . 
Lime 
added 
per  bag 
of  ce- 
ment. 

Kind  of  Sand. 

C.  C.'s  of  Water 

absorbed  per 

hour  per  .02  sq. 

Meter, 

Ratio 

Gun  to 

hand. 

Hand 
Made. 

Gun 
Made. 

1 

1  to  3 

none 

Cow  Bay 
under  1-8  in. 

3.0 

.44 

.15 

2 

1  to  3 

15 

do 

3.2 

.53 

.17 

3 

1  to  3 

25 

do 

6.9 

.68 

.10 

4 

1  to4 

none 

do 

11.7 

.57 

.05 

5 

1  to4 

15 

do 

14.4 

2.0 

.14 

6 

1  to4 

25 

do 

19.5 

3.0 

.15 

7 

1  to3 

none 

Cow  Bay 
under  1-16  in. 

8.7 

3.8 

.45 

8 

1  to4 

none 

do 

7.5 

3.2 

.43 

12 

1  to3 

none 

Fine  Beach 
Sand 

43.5 

8.2 

.19 

13 

1  to4 

none 

do 

21.9 

11.2 

.51 

14 

1  to  5 

none 

do 

50.3 

35. 

.70 

15 

1  to4 

25 

do 

31.7 

6.7 

.21 

16 

1  to7 

none 

do 

250. 

19.8 

.08 

17 

1  to9 

none 

do 

31. 

Tal.lo   III. 

determine  the  total  amount  of  water  which  iu  percentage  of  the 
weight  of  the  specimen  will  be  absorbed.  For  these  tests  the  2  in. 
cubes  were  made  the  .same  as  u.sed  for  the  compression  tests.  At 
the  age  of  one  month  the  cubes  were  dried  out,  weighed,  immersed 
in  water  for  24  hours,  and  then  weighed  again.     The  increase  in 
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weight  was  taken  as  the  relative  absorption  of  the  specimen.  The 
results  of  these  tests  are  summarized  in  this  table.  In  every  case 
Gunite  showed  considerably  less  absorption  than  the  hand  made 
materials. 


RESULTS  OF  ABSORPTION  TESTS. 

Mix 

No. 

Proportion 
Cement 
to  Sand 

Lb  . 

Lime 
added 
per  bag 
of  Ce- 
ment. 

Kind  of  Sand 

Per  cent 
bywt.  of 
water  ab- 
sorbed 
by  hand 
made 
speci- 
mens. 

Per  cent 
by  wt.  of 
water  ab- 
sorbed 
by  gun 
made 
speci- 
mens. 

Ratio  of 
hand  to 
gun  ab- 
sorption 

1 

lto3 

none 

Cow  Bay 
under  1-8  in. 

5.1 

3.67 

1.4 

2 

1  to3 

15 

do 

5.9 

2.72 

2.2 

3 

lto3 

25 

do 

5.7 

3.10 

1.8 

4 

lto4 

none 

do 

6.2 

3.25 

1.9 

5 

lto4 

15 

do 

6.7 

4.03 

1.7 

6 

lto4 

25 

do 

6.0 

3.15 

1.9 

7 

lto3 

none 

Cow  Bay 
under  1-16  in. 

3.9 

1.85 

2.1 

8 

lto4 

none 

do 

6.2 

3.60 

1.7 

9 

lto3 

none 

Std.  Ottawa 

3.5 

.66 

5.3 

10 

lto4 

none 

do 

4.4 

1.11 

4.0 

11 

lto5 

none 

do 

4.6 

1.04 

4.4 

12 

1  to  3 

none 

Fine  Beach 
Sand 

8.9 

2.90 

3.1 

13 

Ito  4 

none 

do 

7.2 

4.5 

1.6 

14 

1  to  5 

none 

do 

7.1 

5.0 

1.4 

15 

Ito  4 

25 

do 

6.4 

4.1 

1.6 

16 

Ito  7 

none 

do 

10.1 

6.2 

1.6 

17 

1  to  9 

none 

do 

13.4 

6.2 

2.2 

Table  IV. 


After  the  2  in.  cubes,  which  were  tested  at  the  age  of  one 
month  for  absorption,  had  attained  the  age  of  two  months  and  had 
dried  out  thoroughly  after  the  previous  test,  they  were  carefully 
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weighed.  They  were  then  immersed  in  water  for  48  hours,  and 
boiled  for  4  hours  to  expel  any  entra])ped  air  which  might  l)e 
present;  after  cooling  they  were  weighed  wet,  then  weighed  in 
water  and  the  per  cent  of  the  volume  of  voids  computed.     Table  V 


RESULTS  OF  VOID  TESTS. 

Mix 
No. 

Proportion 

Cement   to 

Sand 

lb  . 
Lime 
added 
per  bag 
of  ce- 
ment. 

Kind  of  Sand. 

Per  cent 
Voids 
Gun 
made 
spec- 
imens. 

Per  cent 
Voids 
Hand 
made 
speci- 
mens. 

Ratio 
Gun  to 
hand. 

1 

1  to  3 

none 

Cow  Bay 
under  1-8  in. 

12.7 

19.2 

.66 

2 

1  to  3 

15 

do 

12.1 

19.6 

.62 

3 

1  to  3 

25 

do 

9.0 

16.0 

.56 

4 

1  to  4 

none 

do 

15.1 

22.6 

.67 

5 

lto4 

15 

do 

14.3 

19.1 

.75 

6 

1  to4 

25 

do 

12.3 

16.4 

.75 

7 

lito  3 

none 

under  1-16  in. 

8.7 

16.9 

.52 

8 

1  to  4 

none 

do 

10.2 

19.8 

.52 

9 

1  to  3 

none 

Std.  Ottawa 

5.3 

10 

1  to  4 

none 

do 

5.0 

11 

1  to5 

none 

do 

4.6 

12 

1  to3 

none 

Fine  Beach 

14.4 

24.0 

.60 

13 

lto4 

none 

do 

16.6 

14 

1  to  5 

none 

do 

20.5 

15 

1  to4 

25 

do 

13.7 

15 

1  to4 

25 

do 

13.7 

16 

lto7 

none 

do 

22.5 

17. 

1  to  9 

none 

do 

24  1 

Tabic  V. 

shows  a   sumiuary  of  the  average   results   of   these   tests    for   the 
several  different  mixtures. 

Table  \\  gives  the  result  of  a  series  of  adhesion  tests  made. 
As  will  be  noted,  a  onc-to-four  mixture  was  used  for  the  Gunite 
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specimens,  while  mixture  No.  1   (one-to-tiiree)  was  used  for  hand 
work. 

The  tests  were  made  by  applying  the  mortar  to  the  surface  of 
the  different  materials  and  then  after  this  coat  (about  ^  in.  thick) 
had  slightly  hardened,  the  specimen  was  placed  in  a  form  of  about 
twice  the  length  of  the  specimen,  but  of  the  same  width  and  thick- 
ness. This  mould  was  then  filled  with  concrete  after  roughening 
the  top  surface  of  the  mortar  in  order  to  get  a  good  bond.  Four 
reinforcing    wires    were    inserted    into    the    concrete    for    greater 


RESULTS  OF  ADHESION  TESTS 

Mix      No. 

Kind  of 
Material 

No.    Tests 

Fibre  Stress 

lb  .  per  sq. 

inch 

Ratio 
Gun 
to 
Hand 

Gun 

Hand 

Gun 

Hand 

Gun 

Hand 

4 

1 

Soft  Brick 

3 

6 

455 

406 

1.12 

4 
4 

Medium  Brick 
Hard  Burned  Brick 

2 
3 

8 
3 

358 
386 

272 

1.42 

4 

Finished  Brick 

4 

4 

411 

406 

1.01 

4 

Blue  Stone  Block 

3 

1 

574 

345 

1.67 

4 

Sand  Stone  Block 

2 

2 

573 

4 

Granite  Block 

2 

1 

460 

4 

Clean  Iron  "I"  Beam 

5 

3 

458 

362 

1.27 

4 

Rusted  Iron  "I"  Beam 

9 

6 

440 

Average  of  all  tests  on 

similar  materials 

30 

24 

465 

365 

1.27 

Table  VI. 


strength.  The  result  was  a  composite  specimen  like  a  small  beam, 
one-half  the  length  of  which  was  composed  of  brick,  stone,  or 
steel  and  the  other  end  of  concrete,  but  the  joint  between  the  two 
halves  was  in  each  case  made  either  of  Gunite  or  hand  made 
plastering. 

In  breaking  these  specimens  they  were  supported  on  both  ends 
on  two  round  iron  rods  about  14  in.  apart.  Directly  over  the  point 
of  contact  a  round  iron  rod  was  laid  crosswise  on  top  and  a  re- 
ceptacle was  supported  on  this  top  rod  and  filled  with  weights  until 
the  specimen  broke.    From  the  measurements  of  the  specimens,  the 
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distance  between  supports,  and  the  breaking  load,  the  tensile  stress 
in  the  breaking  point  was  computed. 

Special  attention  is  here  called  to  the  fact  that  in  a  number 
of  cases  the  adhesion  in  tlie  hand  made  specimens  was  so  slight 
that  they  broke  in  handling  before  reaching  the  age  of  28  days 
and  they  were,  of  course,  not  tested.  Special  care  was  required  to 
produce  good  hand  made  specimens. 

In  order  to  show,  in  condensed  form,  the  comparative  values 
of  results  of  these  tests,  I  have  made  a  ratio  diagram  for  the  one- 
to-three  mixture  as  given  in  Table  VII.  In  column  4  the  black 
section  indicates  handwork  and  the  light  section  Gunite.  The 
values  as  given  in  the  previous  tables  for  this  mixture  are  entered 


Results  of  Comparot/t^e  Tests 
made  to  compare   fhe    Froptr t/es  «?/  /fandmacte  Stucco  h/i/h  Gu/7/fe 

rhii  Table  IS    co/n/sv/'ec/  /rom  ine/e/sena/e/tf-  /nt^esfi^orhons  /f7ade  d/ Ud/zn^Aai/se. 
C/ri/rc/}.  Herr  i  Co  £f7g/feers  A^iy  YorM.  Ciren  in  JJetait  //i  /he/r  Feporf  o/Aoi/  /  /^//. 

AY/xfure    / /o  3    

Dykerhoff   Porf land  Cc'mcff^  one/  Cot*-Bory5andpasi'n(3  Xi  inch  Screen 


Tcil  mode  for 


Resi/tt^ 
f^and  Can 


tfatio  JJiaqram 


fr'at/0 


re/7510/7 
/6s  per  iq  inc/t 


259 


yy/ 


Compression 

/6s  per  sg  i/7c/i 


2039 


i5i0 


t/o/i/s 
percerj/age 


/9.Z 


/2.7 


Per/^eaA///fy 

ec/77 pcr^rc/?-  P2°m 


3.0 


0.99 


^6sordt/o/7 

percen/  6/  iriri^A/ 


J./ 


3.67 


Of)  Br/ck  /ii  len^  , 


272 


JS6 


/■7Y 


/70 


0.66 


OfS 


/90 


/.^Z 


Table  VII. 

on  the  same  scale,  tlie  zero  point  being  tlie  same  in  every  instance. 

These  tests,  although  they  greatly  favored  the  handwork,  prove 
conclusively  the  superiority  of  Gunite.  The  hand  made  specimens 
were  made  with  extreme  care  by  expert  union  plasterers  working 
under  ideal  conditions  so  far  as  material  supply  and  everything 
else  was  concerned. 

Consiiler  for  a  moment  how  even  the  best  hand  stucco  or  plas- 
tering work  is  (lone  in  actual  practice.  Under  most  ideal  working 
conditions  it  will  be  from  15  to  30  minutes  before  the  mortar  is 
taken  from  the  mixer  to  the  wall.  By  the  Cement  Gun  process  the 
material  is  deposited  within  a  fraction  of  a  second  after  the  water 
is  added. 
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The  Cement  Gun  gives  a  perfect  bond  and  forms  a  coating 
of  a  density  which  it  is  impossible  to  produce  by  any  other  known 
method. 

COST    OF    GUNITE    WORK. 

There  is  a  great  difference  in  weight  between  hand  made  con- 
crete and  Gunite.  Numerous  tests  have  been  made  to  ascertain 
correct  values  and  it  was  found  that  the  average  weight  of  best 
hand  made  stucco  after  28  days  was  131.04  lb.  per  cu.  ft.,  while 
the  weight  of  Gunite  made  of  the  same  mixture  is  154.8  lb.  Gunite 
is  therefore  18.1%  heavier,  and  of  course  requires  correspond- 
ingly more  material.  In  estimating  Gunite  work  this  difference 
must  be  considered  and  also  the  loss  of  sand  caused  by  rebound 
as  mentioned. 

The  amount  of  rebound  varies,  depending  upon  different  fac- 
tors, as,  for  instance,  kind  of  surface  to  be  covered,  thickness  of 
coating,  kind  of  sand,  kind  and  amount  of  reinforcement,  weather 
conditions,  etc.  The  loss  will  vary  from  5%  to  30%,  and  although 
in  most  cases  the  sand  itself  is  recovered  and  used  again,  the  loss 
must  be  compensated  in  the  original  mixture  so  as  to  get  the  de- 
sired results. 

The  amount  of  work  which  a  Gun  will  accomplish  in  an  hour 
and  its  cost  depends  on  so  many  different  factors  that  it  is  impos- 
sible to  estimate  without  definite  data. 

As  compared  with  handwork,  we  find  that  on  large  jobs  the 
cost  of  a  Gunite  coating  is  much  cheaper,  while  on  small  jobs, 
where  the  initial  expenses  are  high  or  where  the  equipment  must 
be  shifted  frequently,  the  cost  may  be  somewhat  higher. 

In  many  cases,  however,  it  will  be  practically  im[X)ssible  to  make 
any  comparison  with  handwork  for  the  reason  that  most  of  the 
work  done  by  the  Cement  Gun,  especially  on  engineering  struc- 
tures, cannot  be  done  by  hand.  Even  in  plain  stucco  work,  where 
practically  standard  methods  are  employed,  the  Gun  has  a  great 
advantage  over  other  methods  for  the  reason  that  a  much  lighter 
coating  can  be  used.  A  Y^  in.  Gunite  cover  is  fully  as  efficient  as 
a  1  in.  hand  stucco,  and  the  saving  in  material  will  often  more 
than  equalize  the  cost  of  installing  the  apparatus. 

HANDLING  OF  CEMENT  GUN  EQUIPMENT. 

The  Cement  Gun  is  not  more  complicated  than  any  other  ma- 
chinery used  on  construction  work.  In  order,  however,  to  get  the 
full  benefit  from  the  machine  it  is  necessary  that  at  least  two  ex- 
perienced men  be  employed  with  every  Gun.  The  first  one  acts  as 
a  foreman,  and  must  know  how  to  rig-up  and  manage  the  work 
for  best  results.  He  must  be  able  to  take  good  care  of  his  machine, 
men,  materials  and  supplies,  and  should  also  have  had  enough  ex- 
perience with  carpentry  work  to  build  such  light  scaffolds,  swings, 
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and  forms  as  may  be  required  for  the  work.  The  second  man 
must  be  a  good  nozzleman,  have  a  steady  hand  and  a  keen  eye. 
and  be  quick  in  liis  movements.  A  poor  nozzleman  will  waste 
considerable  time  and  material,  and  although  he  cannot  spoil  the 
quality  of  the  work,  he  may  do  great  damage  to  the  appearance 
of  the  same.  On  his  skill  deijends  the  cost  of  the  finishing  work 
and  the  amount  of  material  used.  This,  of  course,  applies  to  most 
any  line  of  work.  Buying  a  set  of  carpenter  tools  does  not  make 
a  carpenter,  and  getting  a  set  of  drawing  instruments  does  not 
make  a  draftsman.  It  is  the  experience  and  skill  behind  the  tools 
which  make  them  valuable.  It  is  therefore  important,  in  placing 
orders,  to  see  that  the  work  is  done  by  experienced  operators. 

THE    WORKING    FIELD    OF    THE    CEMENT    GUN. 

Within  the  last  few  years  several  distinctly  diflferent  lines  of 
work  have  been  developed  by  the  Cement  Gun,  and  some  of  the 
more  important  branches  of  this  work  will  be  illustrated  and 
described. 

A  large  number  of  brick,  tile,  stone,  and  wooden  buildings 
have  been  coated  with  Gunite  with  great  success. 

In  Figs.  6  and  7  two  views  of  the  First  Baptist  Church  at 
Evanston,  Illinois,  are  shown.  This  church  had  been  covered  pre- 
viously with  hand  stucco  which  did  not  hold.  Fig.  6  shows  the 
appearance  of  the  brick  walls  before  the  Gunite  coating  was  applied. 

In  order  to  remove  the  last  of  the  old  stucco  and  prepare  the 
wall  for  the  Gunite  coating,  pneumatic  bush  hammers  were-  used 
over  the  entire  surface.  The  materials  for  the  Gunite  were  lime- 
stone screenings  and  Portland  cement  mixed  in  the  projxjrtion  of 
three-to-one.  The  thickness  of  the  coating  was  about  ^  in.  The 
limestone  sills  and  trimmings  of  the  church  were  also  badly  dis- 
integrated and  brought  again  to  true  lines,  as  shown  in  Fig.  7, 
which  gives  a  partial  view  of  the  completed  work.  Numerous 
other  brick  buildings  have  been  treated  in  a  similar  manner  in  all 
parts  of  the  United  States  and  elsewhere,  among  them  being  some 
very  large  warehouses  at  the  New  York  docks. 

Figure  8  illustrates  how  Gunite  is  applied  to  frame  houses. 
Hundreds  of  such  buildings  have  been  successfully  coated,  and 
at  a  cost  which  allows  most  extensive  use  of  the  Cement  Gun  for 
this  pur|K)sc.  The  house  is  at  once  made  cooler  in  the  hot  summer 
days,  and  the  cost  of  heating  the  house  during  the  winter  months 
is  greatly  reduced.  The  Gunite  coat  reduces  the  fire  risk  and, 
being  practically  indestructible,  will  prolong  the  life  of  the  building. 

On  all  work  applied  to  wood  tlie  Gunite  coat  is  reinforced 
with  a  light  wire  mesh  which  is  nailed  against  the  surface  to  be 
covered.  The  thickness  of  the  coating  is  usually  ^  in.  Any  de- 
sired finish  can  be  given,  and  freriucntly  coloring  matter  is  used 
in  the  last  coat  to  good  advantage. 

All  parts  of  the  building  which  are  not  to  be  coated,  such  as 
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windows,  cornices,  etc.,  must  be  protected  with  tar  paper,  cloth  or 
the  hke  for  the  reason  that  it  is  difificiilt  to  remove  unavoidable 
cement  splashes. 

Figure  9  shows  a  large  reinforced  concrete  power  house  with 
chimney,  the  surfaces  of  which  have  been  covered  with  a  thin  Gun- 
ite  coating  to  conceal  the  form  marks  and  to  produce  a  uniform 
finish  for  the  entire  structure.     In  this  same  view  is  a  tall  chim- 


Fig.  6 — First  Baptist  Church,  Evanston. 

ney  150  ft.  high.  The  finish  was  applied  with  the  Gun  standing 
at  the  ground  level  and  the  material  was  shot  to  the  top  without 
any  inconvenience.  This  illustrates  the  carrying  power  of  the 
Cement  Gun  and  the  adaptability  and  advantage  of  the  machine 
for  work  difficult  to  approach.  Only  a  very  thin  coat  is  usually 
required  to  cover  the  form  marks  and  the  bond  is  perfect  without 
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the  employment  of  any  artificial  means.  The  Gunite  finish  forms 
an  integral  part  of  the  entire  structure  and  at  the  same  time  water- 
proofs it  effectively.  It  is  conveniently  applied  to  all  surfaces  as 
walls,  floors,  ceilings  and  roofs.  For  coating  expanded  metal  and 
rib  metal  the  Cement  Gun  provides  an  economical  method.     The 


I-'ig.  7 — I'irst  liaplist  Cluirch.  Kvuiision. 

cost  of  forms  and  scaflfolds  can  he  almost  entirely  eliminated  on 
most  of  such  work. 

The  Cement  Gun  has  been  used  for  the  construction  of  thin 
partition  walls  and  hollow  walls  for  buildings.  For  such  work  no 
forms  are  required  except  a  light  frame  covered  with  building 
paper  to  hold  the  reinforcement  in  place  and  to  act  as  a  tempo- 
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rary  backing.  This  framework  is  usually  made  of  2  .in.  by  4  in. 
uprights,  spaced  about  18  in.  center  to  center.  After  the  Gunite 
has  set,  the  frame  may  be  removed  and  another  finishing  coat  applied 
to  the  back,  or  the  frame  can  be  left  in  place.  Often  both  sides  of 
the  frame  are  covered  alike  and  a  cheap  and  strong  hollow  wall 
is  the  result.  A  number  of  residence  buildings  have  been  erected 
where  practically  all  cement  work  was  done  in  this  manner  with 
the  Cement  Gun  at  a  saving  of  cost  over  other  constructions  which 
might   have   been   employed. 

Figures  10  and  11  show  the  Gun  work  done  on  the  new  ware- 
house for  the  Illinois  Steel  Warehouse  Company  at  St.  Paul,  Minn. 
The  building  is  a  steel  and  concrete  skeleton  structure  and  all  the 
curtain  walls  between  the  frame  work  have  been  built  by  Cement 


Fig.  8— Showing  How  Gunite  Is  Applied  to  Frame  Houses. 

Guns.  These  curtain  walls  are  2  in.  thick  and  reinforced  with 
No.  6A  triangular  wire  mesh.  A  light  wooden  form  was  used  on 
the  inside  as  backing  and  to  hold  the  wire  mesh  in  place.  The 
convenience  with  which  the  work  was  done  is  illustrated  in  Fig.  10, 
which  shows  the  workmen  standing  on  the  hanging  scaffolds. 
Two  Guns  were  in  operation  in  order  to  finish  the  work  in  the 
shortest  possible  time  to  avoid  the  winter  season.  Fig.  11  shows 
a  finished  portion  of  the  building. 

Gunite  has  been  used  for  the  waterproofing  of  reservoirs, 
canals,  aqueducts,  bridges,  basements,  etc.  The  most  important 
point  in  connection  with  such  work  is  the  fact  that  no  ingredients  or 
compounds  are  used  which  are  foreign  to  concrete  or  which  may 
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gradually  deteriorate.    Gunite  consists  of  cement  and  sand  only  and 
is  waterproof  on  account  of  its  characteristic  density. 

Figure  12  shows  the  Twin  Peak  Reservoir  at  San  Francisco. 
One-half  of  it  is  filled  with  water,  while  the  other  half,  being  per- 
fectly dry,  was  used  as  a  teir.porary  auditorium.     This  reservoir 


A 


L 


Fig.  9 — Reinforced   Cuncrcte  Power  House  With  Ciunite  Coating. 

is  370  ft.  long,  285  ft.  wide,  and  27  ft.  deep,  and  when  filled  it 
holds  11,(X)0,000  gallons.  The  partition  wall  is  1  ft.  thick  and  is 
supported  by  buttresses  placed  8  ft.  apart  on  both  sides.  When 
the  reservoir  was  first  filled,  it  was  found  that  in  spite  of  all  pre- 
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Fig.  10 — Showing  Gun  Work  on  New  Warehouse  for  Illinois  Steel 
Warehouse  Co.,  St.  Paul. 


Fig.  11 — Another  View  of  St.  Paul  Warehouse. 
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cautions  taken,  considerable  water  found  its  way  through  the  wall, 
and  therefore  it  was  finally  decided  to  use  the  Cement  Gun  for  the 
purpose  of  waterproofing  it.  A  coat  of  Gunite  only  Y4  in.  thick  at 
the  top  and  increasing  to  J/  in.  at  the  bottom  was  applied  on  both 
sides  of  the  partition  wall  and  the  buttresses.  Immediately  after 
the  Gun  work  was  finished  one-half  of  the  reservoir  was  filled, 
with  the  result  as  shown. 

Another  large  reservoir  waterproofed  with  Gunite  is  the  water 
reservoir  of  the  city  of  Nashville,  Tenn.  The  work  is  shown  in 
Fig.  4.  The  stone  walls  are  36  ft.  high.  The  reservoir  is  round. 
463  ft.  in  diameter,  and  with  a  dividing  wall  as  shown.  This 
reservoir  broke  on  account  of  seepage  and  had  to  be  partially  re- 


I'ig.  12 — Twin  Peak  Reservoir  at  San   l-'rancisco. 

built.  The  inside  and  partition  were  waterproofed  with  Gunite. 
This  was  also  applied  over  the  surface  averaging  1^^  in.  in  thick- 
ness, following  the  contours  of  the  rough  stone  wall.  The  bottom 
was  sealed  with  a  concrete  floor. 

Another  field  which  the  Cement  Gun  has  entered  is  the  repair 
of  such  stone,  brick,  steel,  and  concrete  structures  as  have  devel- 
oped weakness  and  have  deteriorated  under  the  intluence  of  loads, 
water,  and  atmospheric  conditions.  In  big.  5  wc  have  already  seen 
how  this  work  is  done. 

A  remarkable  example  of  rej)air  work  is  that  of  the  concrete 
piers  of  the  Dover  Street  Bridge  in  Boston.  Fig.  13  shows  the 
condition  of  the  piers  after  the  worst  rubbish  had   been  cleared 
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away  and  also  very  plainly  shows  the  line  to  which  the  tide  rises 
at  regular  intervals.  During  high  tide  the  piers  are  almost  com- 
pletely under  water  and  therefore  ordinary  repair  work  would  have 
required  the  construction  of  a  temporary  cofferdam  around  the 
pier.  It  was  then  decided  to  use  the  Cement  Gun  for  this  work 
and  Fig.  14  shows  the  successful  completion  of  the  work. 


Fig.  13— Concrete  Piers,  Dover  Street  Bridge,  Boston. 

All  the  work  was  done  between  tides,  without  any  forms  or 
other  equipment.  Fig.  14  shows  very  plainly  the  tidemarks  on 
the  new  work.  The  Cement  Gun  deposited  the  material  with  such 
force,  and  compacted  the  same  so  densely,  that  even  the  rising  tide 
could  do  no  harm  to  the  new  Gunite  work. 

The  same  conditions  had  to  be  met  on  the  repair  work  of  the 
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sea  wall  at  Lynn,  Mass.,  and  on  numerous  other  jobs  all  along  the 
Atlantic  and  Pacific  Coasts, 

In  Fig.  15  the  Cement  Gun  is  shown  on  tunnel  repair  work. 
The  brick  lining  in  the  single  track  tunnel  on  the  Chicago,  Mil- 
waukee &  St.  Paul  R.  R.  near  Tunnel  City,  Wis.,  was  badly  worn 
by  the  locomotive  blasts.    The  mortar  filling  on  the  roof  had  been 


Fig.  14 — Same  \  itw  as  Imr.  i:!,  After  Using  the  Cement  Gun. 

SO  damaged  and  the  lower  course  of  bricks  so  worn  away  that 
repair  work  became  necessary.  The  tunnel  is  1.330  ft.  long.  There 
being  an  average  of  32  trains  per  day  at  this  jx^int,  and  all  ton- 
nage freight  being  operated  with  pushers,  this  allows  very  short 
working  time  between  trains  and  thcrcf<^re  the  repair  of  the  tunnel 
was  a  difficult  problem.    The  method  finally  adopted  was  to  place  a 
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Gunite  coat  over  a  strip  8  ft.  wide  on  the  under  side  of  the  center 
of  the  arch  and  the  results  have  been  satisfactory. 

Before  placing  the  Gunite  the  surface  was  cleaned  with  a 
sand  blast.  No.  4  triangular  mesh  reinforcement  was  used  in  a 
single  layer  and  placed  in  8  ft.  lengths  at  right  angles  to  the  tunnel 
axis.  The  Gunite  was  applied  in  two  to  five  coats,  depending  upon 
the  thickness  necessary.  The  concrete  never  extended  into  the  old 
lining  for  a  distance  greater  than  the  thickness  of  one  brick  and 
projected  2  in.  beyond  the  old  face  of  the  lining.  This  made  the 
total  thickness  vary  from  4  to  6  in. 

In  planning  for  this  work  it  was  thought  that  some  form  of 
shield  would  be  necessary  to  protect  the  fresh  concrete  from  loco- 
motive blasts  until  it  had  thoroughly  set,  and  a  movable  shield  to 
be  supported  from  the  roof  was  accordingly  built  and  used  at  the 


Fig.  15 — Use  of  Cement  Gun  on  Tunnel  Repair  Work. 


beginning  of  the  work.  It  was  soon  found,  however,  that  the 
cement  placed  by  the  Gun  was  so  hard  immediately  after  placing 
that  the  locomotive  blasts  had  no  effect  upon  it  and  the  use  of  the 
shield  was  discontinued. 

The  portable  compressor  plant  was  located  at  the  east  portal, 
a  2  in.  pipe  was  carried  through  the  tunnel  with  connections  at 
frequent  intervals,  and  the  Cement  Gun  and  mixing  board  were 
carried  on  staging  supported  by  two  standard  gauge  cars  coupled 
together.  A  Fairbanks-Morse  gasoline  locomotive  was  used  to 
push  the  equipment  in  and  out  of  the  tunnel.  It  was  necessary  to 
remove  the  entire  outfit  to  a  siding  at  the  east  portal  for  every 
train  movement.  The  work  was  carried  on  for  about  two  months, 
the  progress  being  about  210  ft.  a  week. 
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Another  interesting  piece  of  railroad  work  is  shown  in  Fig.  16. 
The  picture  shows  a  portion  of  the  deep  rocI<  cut  on  the  Erie  R.  R. 
just  outside  of  Jersey  City  known  as  the  Bergen  Hill  Cut.  The 
work  of  the  Cement  Gun  consisted  in  cleaning  the  fissures  between 
the  different  layers  of  the  rock  and  then  filling  them  with  cement 
mortar  to  eliminate  the  danger  from  falling  rocks  and  to  retard 
disintegration.  The  hanging  platforms  used  for  this  work  and 
the  simplicity  of  the  whole  arrangement  are  shown. 

Of  an   entirely   different   nature  is   the   work   shown   in   Figs. 


Fig.  Itj — Deep  Rock  Cut  on  Eric  R.  R. 


17  and  18,  which  illustrate  a  coal  bunker  about  25  ft.  wide,  20  ft. 
deep,  and  150  ft.  long.  This  coal  bunker,  which  is  built  at  the 
Haskell-Darker  Car  Company's  works  at  Michigan  City,  Ind., 
was  lined  with  Gunite  in  order  to  protect  the  bunker  against  abra- 
sion and  the  action  of  the  sulphur  in  the  coal,  which  will  weaken 
the  steel  work  in  a  short  time.  The  lining  is  2^^  in.  thick,  rein- 
forced with  No.  7i\  American  Steel  &  Wire  Company's  triangular 
mesh.  This  mesh  is  fastened  to  angle  irons  riveted  to  the  steel 
work  for  that  ]nirpose.  The  work  has  proven  successful  and  al- 
though no  provisions  whatever  were  made  for  expansion  joints, 
not  a  crack  appeared  in  the  work. 

There  is  a  large  field  for  this  class  of  work,  as  practically  no 
protection  is  given  the  steel  work  in  such  hunkers  at  the  present 
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time.     The  saving  in  cost  for  repair  and  renewal  is  soon  equal  to 
many  times  the  cost  of  the  Gunite  lining. 

Numerous  old  and  new  steel  bridges  and  viaducts  have  been 
coated  with  Gunite  to  protect  the  steel  work  against  rust  and  the 
corrosive  action  of  the  gases  emitted  by  locomotives,  etc.  The 
Gunite  covering  also  deadens  the  noise  of  traffic  over  these  struc- 
tures and  greatly  improves  their  appearance. 


Figs.  17-lS — Coal  Bunker  at  Michigan  City,  Ind.,  Lined  With  Gunite. 


For  old  bridges,  where  the  corrosion  has  gone  so  far  as  to 
practically  demand  renew-al,  the  Cement  Gun  suggests  the  recon- 
struction at  a  saving  in  cost  by  a  new  process.  The  steel  work 
after  having  been  cleaned  and  freed  from  all  rust,  scale,  and  loose 
paint,  is  wrapped  with  wire  mesh.  To  make  up  for  lost  steel  area 
and  to  provide  additional  strength,  reinforcing  bars  may  be  placed 
as  in  ordinary  practice  and  then  the  whole  structure  coated  with 
Gunite  from  2  to  6  in.  in  thickness  as  conditions  may  demand.  In 
this  manner  the  old  structure  can  be  saved,  practically  a  new  bridge 
being  formed  without  interruption  of  service  and  without  any  great 
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expense  for  forms,  scafifolding  or  the  like.  The  reconstructed 
bridge  will  then  be  a  permanent  structure  and  of  superior  strength 
and  appearance  to  the  old  one. 

Figure  19  shows  the  new  South  High  Street  Viaduct  at  Co- 
lumbus, Ohio.  The  length  is  about  350  ft.  and  the  width  is  70  ft. 
The  steel  woric  of  the  entire  structure,  including  columns  and 
braces,  has  been  coated  with  Gunite  about  2  in.  thick  and  the  ap- 
pearance of  the  work  after  completion  is  illustrated.  In  Fig.  20 
we  have  a  close  view  of  the  nozzle  at  work  on  this  job.  The  air 
compressor  and  Gun  are  standing  on  top  of  the  steel  work,  and 
the  wire  reinforcement  and  the  process  of  coating  can  be  seen. 

For  coating  the  steel  in  our  modern  skyscrapers  and  other 
steel  skeleton  structures  Gunite  has  been  used  with   -uccess.     In 


1;. 


aiii:   iiiyh  Succt  \  iaduct,   Columbus,  Ohio. 


Fig.  21  we  have  a  close  view  of  some  of  the  steel  work  of  the 
new  56-story  Woolworth  Building  in  New  York.  In  this  giant 
of  skyscrapers  practically  all  of  the  steel  work  has  been  protected 
by  covering  with  Gunite. 

Use  for  the  Cement  Gun  was  found  in  the  new  Grand  Cen- 
tral Terminal  Station  in  New  York,  where  over  3.800.000  sq.  ft. 
of  steel  work  was  covered  as  shown  in  Fig.  22. 

Extensive  waterproofing  work  has  also  been  done  at  the  Chi- 
cago Stockyards  and  elsewhere  and  this  branch  of  tlie  work  is 
rapidly  expanding. 

I-'or  fireproofing  purposes,  the  Cement  Gun  is  valuable.  In 
Fig.  23  we  see  a  large  corrugated  metal  partition  wall  at  the  North- 
western Station  of  the  Commonwealth  Edison  Company,  Chicago. 
This  wall  is  85  ft.  high.  170  ft.  long,  and  was  built  of  corrugated 
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metal  and  asbestos  on  steel  frame  and  board  sheathing.  The  Board 
of  Fire  Underwriters  condemned  the  wall  as  not  being  sufficiently 
fireproof  and  the  Cement  Gun  was  used  with  success  to  coat  the 
wall  with  Gunite.  A  light  V/2  in.  mesh  poultry  netting  was 
stretched  over  the  metal  and  a  1  in.  coating  of  Gunite  applied 
thereon. 

In  the  same  manner  old  corrugated  iron  sheds,  wareliouses, 


Fig.  20 — Nozzle  at  Work  on  Columbus  Viaduct. 

and  factory  buildings  can  be  transformed  into  permanent  struc- 
tures even  if  already  badly  rusted.  The  cost  for  this  wori<  is  com- 
paratively low  and  can  be  carried  on  in  most  cases  without  inter- 
fering with  the  service  of  the  buildings. 

In  Fig.  24  a  difficult  Cement  Gun  job  is  illustrated.  The  work 
consisted  of  repairing  the  spillway  of  the  Public  Service  Corpora- 
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Fig.  21 — Steel  Work,  WooKvorth  liuilding,  New  York. 


r" 

■i 

Kig.  22 — Grand   Central  Terminal  Station,   New  York. 
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tion  at  Joliet,  111.  _  The  spillway  is  90  ft.  wide  and  has  a  swift  cur- 
rent. The  material  had  to  be  shot  across  the  channel,  the  Gun 
being  located  at  the  other  side.  Practically  all  the  work'had  to  be 
done  from  scows.  The  work  consisted  of  placing  a  6  in.  curtain 
wall  over  the  badly  deteriorated  face  of  the  foundation  wall  of  the 
station.  This  curtain  wall  is  650  ft.  long,  12  ft.  high,  and  is  rein- 
forced with  i^  in.  steel  rods  and  American  Steel  &  Wire  Company's 


Fig.  23— Metal   Partition   Wall,   Northwest   Station,   Commonwealth 

Edison  Co. 

triangular  mesh  No.  7.  The  greatest  difficulty  was  encountered 
by  the  mflow  of  water  due  to  leaky  gates  from  the  station.  Nu- 
merous drains  had  to  be  placed  in  the  work  to  overcome  this 
trouble.  The  curtain  wall  encases  and  protects  the  intake  pipe  for 
the  railroad  water  supplv  station  which  carries  water  at  a  pressure 
ot  about  90  lb.  p'er  sq.  in. 
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From  these  descriptions  and  illustrations  the  value  of  the 
Cement  Gun  for  engineering  and  architectural  work  will  be  appre- 
ciated. At  a  later  time  I  hope  to  be  able  to  give  more  explicit 
information  along  some  new  lines  now  in  the  stage  of  development. 
I  refer  especially  to  the  use  of  the  Cement  Gun  for  the  manufacture 
of  concrete  units  for  building  construction,  as,  for  instance,  floor 
and  roof  slabs,  curtain  wall  sections,  hollow  floors,  beams  and  col- 
umns, pipes,  fences,  etc.  I  am  sure  that  the  results  will  practically 
open  a  new  branch  of  reinforced  concrete  construction.  For  ex- 
ample, two  H-shaped  Gunite  beams,  12  in.  high  and  12  in.  wide, 


Fig.  24 — Repairing  Spillway,  Public  Service  Corporation,  Joliet,  111. 


were  recently  made.  The  web  and  flanges  are  1  in.  thici<,  rein- 
forced with  single  layers  of  American  Steel  &  Wire  Company's 
No.  7A,  triangular  mesh.  The  longest  span  between  supports  was 
12  ft.  6  in.  and  these  extremely  light  beams  were  tested  up  to  500 
lb.  of  live  load  per  square  foot  of  floor  space.  At  this  load  the 
final  result  was  the  toppling  over  of  the  load,  beam,  etc.,  which 
of  course  fractured  the  beams.  The  beams  and  tests  were  made  in 
a  rather  crude  way  and  therefore  the  results  are  not  conclusive ; 
but  the  results  indicated  the  enormous  strength  of  pre-molded  Gun- 
ite members  as  compared  with  ordinary  concrete  and  also  the  re- 
sulting economies.  Especially  remarkable  is  the  ease  with  which 
they  can  be  molded  with  the  Cement  Gun  even  if  of- complicated 
design. 
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DISCUSSION. 

/.  H.  Prior,  m.  \v.  s.  e.  (Chairman)  :  The  author  has  stated 
that  the  velocity  of  the  sand  and  material  from  the  gun  was  about 
300  ft.  per  second.  I  would  like  to  know  what  is  the  velocity  of 
the  air. 

Mr.  Weber:  The  velocity  of  the  air  is,  as  near  as  I  can  remem- 
ber, about  380  ft.  per  second.  The  air,  of  course,  must  move  more 
rapidly  than  the  material  itself. 

Mr.  Prior:  The  velocity  of  a  32-caliber  bullet  is  only  about 
500  ft,  per  second. 

Mr.  Weber:  I  might  mention  that  we  have,  every  minute, 
about  150  ft.  of  free  air  discharging  through  a  %  in.  nozzle,  and 
it  is  very  easy  to  figure  the  absolute  velocity. 

Mr.  Prior:  I  notice  the  author  spoke  of  the  material  being 
deposited  at  100%  efficiency.  If  some  improvements  are  made  in 
the  gun — as  there  surely  will  be  in  the  next  ten  years — I  am  won- 
dering what  its  efficiency  will  be  then. 

Mr.  Weber:  Any  improvements  which  will  be  made  in  the 
cement  gun  in  the  future  will  be  along  the  lines  of  greater  facility 
in  handling  it.  These  improvements  will  mean  larger  guns  with 
greater  capacity  and  an  attempt  to  reduce  the  cost  of  operation  by 
finding  some  way  to  get  along  with  less  air  than  is  now  being 
used.  We  all  appreciate  that  considerably  more  power  is  used  than 
should  be  necessary  according  to  the  best  theories.  There  is  at 
present  a  great  loss  and  waste  in  this  respect,  which  we  shall  prob- 
ably overcome  with  improvements.  To  get  greater  efficiency  out 
of  the  material  will  of  course  be  impossible. 

Mr.  Prior:  The  mere  patching  of  concrete  work  has  been  a 
thorn  in  the  side  of  everybody  responsible  for  its  maintenance  for 
a  generation.  If  the  cement  gun  offers  a  way  out,  which  I  think 
it  does,  that  alone  is  a  tremendous  achievement. 

There  are  many  here  tonight  who  are  familiar,  not  with  the 
cement  gun,  perhaps,  but  with  many  of  the  problem.s  to  which  it 
can  be  applied.     We  shall  be  glad  to  hear  from  them. 

R.  S.  Draper,  Assoc,  w.  s.  e,  :  Has  Gunite  ever  been  applied 
to  wall  surfaces  to  waterproof  them  against  a  head  of  water  on  the 
other  side? 

Mr.  Weber:  A  good  deal  of  such  work  has  been  done  in  the 
fiew  Sears-Roebuck  plant  here  in  Chicago.  On  account  of  the  great 
density  of  the  material,  it  is  especially  suitable  for  this  purpose. 
Of  course,  we  have  to  insert  weeper  pipes  in  the  wall  to  tempo- 
rarily drain  off  the  water.  After  the  coating  has  set  around  these 
pipes,  they  can  be  stopped  up.  This  work  has  been  done  very  suc- 
cessfully. 

Mr.  Draper:  How  does  Gunite  resist  sea  water  as  compared 
with  ordinary  concrete? 

March,  1914 


308  Discussion — The  Cement  Gun  and  Its  Work 

Mr.  Weber:  On  account  of  the  density  of  the  material,  the 
action  of  the  alkali  in  the  water  is  at  least  greatly  reduced.  The 
action  of  alkali  on  cement  can  take  place  only  if  this  salt  enters 
the  mass  and  causes  a  chemical  change  in  the  concrete  itself ;  where 
this  cannot  take  place,  naturally  there  cannot  be  any  destructive 
action. 

E.  B.  Wilson,  m.  w.  s.  e.  :  In  the  case  of  the  Woolworth  build- 
ing in  New  York,  what  did  they  do  to  remove  the  paint  that  might 
be  on  the  surface  of  the  steel? 

Mr.  Weber:  The  cement  gun  is  also  a  very  effective  sand 
blast.  We  use  it  for  sand-blasting  purposes  in  a  great  many  in- 
stances by  using  sharp  sand  only  and  directing  the  material  against 
the  wall  at  a  cutting  angle.  Paint,  rust,  and  scale  are  thus  easily 
removed.  As  a  rule,  after  we  have  sand-blasted  a  surface  we  shut 
off  the  sand  and  go  over  it  again  with  an  air-blast  to  blow  away 
the  last  portion  of  any  loose  material  which  may  have  lodged  in 
the  corners. 

Mr.  Wilson:  Is  it  advisable  to  remove  the  paint  from  the 
surface  of  the  steel  before  applying  the  Gunite? 

Mr.  Weber:  As  a  rule,  this  is  done  only  on  surfaces  where 
the  paint  is  affected.  But  in  cases  where  the  steel-work  has  only 
the  factory  coat,  if  this  coat  is  in  good  condition  it  may  not  be 
necessary  to  remove  it.  If  the  paint  shows  defects,  it  is  advisable 
to  remove  it  before  applying  the  Gunite. 

Mr.  Wilson:  I  have  seen  several  pictures  of  the  Woolworth 
building,  where  paint  was  being  put  on  the  steel,  and  I  was  won- 
dering whether  they  had  purposely  painted  the  steel  prior  to  put- 
ting on  the  Gunite  coating. 

Mr.  Weber:  I  am  not  familiar  with  the  details  of  that  work, 
but  I  believe  I  am  correct  in  assuming  that  the  Gunite  covering 
was  decided  on  after  the  factory  painting  had  taken  place,  and 
it  was  not  considered  necessary  to  remove  it.  If  it  has  been  de- 
cided in  the  first  place  to  use  Gunite  over  steel  work,  painting  is 
not  necessary.  In  fact,  it  will  be  better  for  many  reasons  to  leave 
the  steel  uni)ainted,  because  Gunite  adheres  better  to  unpainted 
steel.  There  is  a  chemical  surface  action  between  cement  and  steel 
which  cannot  take  place  if  a  coat  of  paint  interferes. 

Mr.  Wilson:  Do  the  cement  gun  people  recommend,  or  is 
there  any  decided  tendency  to  use,  coloring  matter  on  coating  old 
brick-work,  for  instance? 

Mr.  Weber:  That  is  entirely  a  matter  of  taste.  It  is  a  very 
simple  matter  to  apply  a  colored  coat  on  such  structures,  and  if 
anybody  desires,  for  instance,  to  match  up  the  work  with  brick 
buildings,  etc.,  he  can  practically  match  any  shade  he  may  desire. 
Of  course,  coloring  is  a  little  more  expensive  than  ordinary  work, 
but  it  has  been  done  successfully  in  many  instances. 
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Mr.  Wilson:  I  have  in  mind  the  case  of  the  church  in  Evans- 
ton,  where  there  was  a  variety  of  coloring  on  the  face  of  the  build- 
ing shortly  after  it  was  coated.  Could  not  that  effect  have  been 
overcome  if  coloring  matter  had  been  used?  Some  of  the  discol- 
oring has  now  disappeared,  or  at  least  it  has  been  very  materially 
reduced. 

Mr.  Weber:  The  materials  used  on  the  Evanston  church  job 
were  limestone  screenings  and  cement;  it  seems  as  if  limestone 
screenings  and  any  other  stone  screenings  have  a  greater  tendency 
to  discolor  than  ordinary  sand.  On  a  sand  coating  we  seldom  have 
any  trouble  from  spotty  coloring. 

Mr.  Wilson:  That  is  probably  on  account  of  the  difference  in 
the  mix  and  the  greater  amount  of  fine  dust  in  the  crushed  stone. 

Mr.  Weber:  That  may  be  true.  As  you  know,  screenings 
never  run  so  uniformly  as,  for  instance,  torpedo  sand.  We  have 
always,  no  matter  how  carefully  we  choose  the  material,  an  accu- 
mulation of  fine  and  coarser  material  in  the  same  batch.  It  can- 
not be  exactly  regulated. 

Mr.  Prior:  Mr.  Boynton  has  had  considerable  experience  in 
all  these  lines  and  we  should  like  to  hear  from  him. 

C.  W.  Boynton,  m.  w.  s.  e.  :  I  thinl<  a  wrong  impression  might 
be  had  with  reference  to  the  coating  of  steel  in  the  Woolworth 
building.  I  understand  that  the  coating  was  put  on  as  a  fireproof- 
ing  and  was  not  necessarily  intended  to  adhere  to  the  steel,  but 
was  supported  by  a  metal  fabric  cage.  Possibly  this  explains  why 
the  paint  was  not  cut  off.  Where  the  Gunite  is  applied  directly 
to  a  steel  member  and  is  held  in  place  by  adhesion,  it  is  necessary, 
I  believe,  to  clean  the  steel.  We  certainly  would  not  want  a  film 
of  paint  intervening  between  the  Gunite  and  the  steel. 

In  reference  to  the  waterproofing  of  a  wall  against  water  pres- 
sure with  the  head  temporarily  removed,  this  has  been  done  very 
successfully.  The  material  is  so  very  dense  and  the  adhesion  is  so 
perfect  that  it  becomes  a  part  of  the  original  structure.  I  have 
seen  tests  made  where  the  Gunite  was  placed  on  stone,  hard-burned 
brick,  or  concrete,  and  then  subjected  to  a  test  which  would  tend 
to  develop  the  strength  of  the  bond,  and  in  every  instance  the 
bond  has  developed  as  great  strength  as  other  parts  of  the  mass. 

I  am  inclined  to  question  whether  or  not  the  gun  people  have 
reached  100%  efficiency ;  but  whether  they  have  or  not  is  not  really 
rnaterial  at  this  time.  We  do  know  that  the  gun  has  great  possi- 
bilities for  certain  lines  of  work,  and  it  seems  to  me  the  principal 
thing  is  the  work  that  it  has  been  doing  in  repairing  the  poor 
work  of  someone  else.  We  all  regret  that  there  is  so  much  poor 
concrete  work  and  we  are  equally  glad  to  know  that  there  is  some 
way  by  which  it  can  be  repaired.  I  wish  to  ask  what  it  would  cost, 
ordinarily,  to  place  an  inch  coat,  say,  on  a  horizontal  surface  and 
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also  on  a  vertical  surface.  On  a  vertical  surface,  metal  fabric  would 
be  required,  while  on  the  horizontal  surface  it  would  not  be  needed. 

Mr.  Weber:  The  question  which  the  la.st  speaker  asks  is  a 
very  hard  one  to  answer  directly,  for  the  reason  that  so  much  de- 
pends upon  the  amount  of  work  to  be  done  in  one  place.  We  use 
a  pretty  heavy  equipment,  and  to  carry  this  from  place  to  place 
means  expense.  That  is  one  portion  of  the  cost.  The_  material 
requirements  for  the  Gunite  work  are  from  20%  to  25%  more 
than  handwork,  owing  to  the  loss  by  rebound  and  the  additional 
density  in  the  material.  Therefore,  it  is  very  difficult  to  set  a  price 
and  make  this  price  stand  out  as  something  to  go  by.  We  have 
done  work  of  this  kind,  1  in.  thick,  as  low  as  70  to  80  cents  a  yard, 
while  other  jobs  have  run  up  to  $1.50.  That,  of  course,  includes 
the  reinforcement  which  has  been  used.  Overhead  work  is  a  little 
more  expensive  than  work  on  the  side  walls  or  work  on  the  floor. 
If  we  figure  on  a  job  where  different  work  is  done  in  any  quan- 
tity, it  is  all  averaged  and  the  average  price  taken.  A  1  in.  coat- 
ing costs,  on  the  average,  about  $1.00  per  square  yard.  This  aver- 
age price  may  be  used  for  rough  estimating  purposes.  For  actual 
practice,  of  course,  the  work  has  to  be  figured  for  every  job  accord- 
ing to  the  actual  conditions. 

Mr.  Prior:  The  author  has  given  us  a  new  use  for  cement. 
We  might  say  he  has  given  us  a  new  use  for  compressed  air. 

C.  IV.  Melchcr,  assoc.  w.  s.  n. :  What  thickness  of  coating  is 
necessary  for  steel  protection  ?     I  refer  to  exposed  work. 

Mr.  JVcber:  As  to  exposed  steel  work, — for  bridges,  etc. — I 
have  before  me  the  Bulletin  of  the  American  Railway  Engineer- 
ing Association  for  January,  1914,  in  which  a  complete  report  is 
made  by  the  Committee  on  Iron  and  Steel  Structures  for  such 
work.  I  see  from  the  drawings  furnished  by  Mr.  Tebbetts.  bridge 
engineer  of  the  Kansas  Terminal  Railway,  that  they  apply  3  in. 
of  material  on  their  bridge  work  where  it  is  exposed  to  locomotive 
blasts.  On  a  viaduct  at  Little  Rock  a  3  in.  coating  was  also  ap- 
plied. I  believe  that  such  a  heavy  coat  is  not  necessary,  however ; 
it  seems  to  be  the  present-day  practice  to  apply  3  in.  on  such  bridges. 
If  steel  work  is  coated,  on  exposed  surfaces  in  buildings  where  rein- 
forcement is  used  1><  in.  to  2  in.  should  be  sufficient;  less  than  1 
in.  sliould  not  be  used  in  order  to  have  some  "body"  in  the  mass. 

Mr.  Melcher:  What  I  referred  to  particularly  was  the  pre- 
vention of  rust  on  reinforcing. 

Mr.  JVeber:  To  get  rust  prevention  without  reinforcing,  a 
J/2-in.  coat  is  all  that  is  required,  but  there  is  always  a  certain 
amount  of  vibration,  and  there  being  no  "body"  in  a  thin  coating, 
it  would  be  more  apt  to  loosen  than  if  a  coat  with  more  stiffness 
in  itself  were  used,  with  proper  reinforcement.  I  believe  iVj  in. 
is  about  the  least  we  should  apply  to  such  steel  work. 

P.  P.  CoiUard:    Woidd  it  be  ixjssible  to  use  Gunite  on  the  old 
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Field  ]Museum  building  in  Jackson  Park  to  restore  it,  and  if  so 
could  it  be  done  at  a  reasonable  cost  ? 

Mr.  Weber:  There  is  absolutely  no  question  as  to  the  feasi- 
bility of  using  Gunite  for  the  purpose  mentioned,  and  at  a  cost  less 
than  that  of  any  other  process.  As  a  matter  of  fact,  the  first  cement 
gun  was  operated  on  the  Field  Museum.  A  light  coat  of  gypsum 
stucco  only  was  then  applied,  and  at  a  later  time  the  question  was 
taken  up  of  applying  a  permanent  coating  of  Gunite  and  trans- 
forming the  structure  into  a  permanent  one.  If  it  is  ever  decided 
to  leave  the  Museum  on  its  present  site,  we  shall  certainly  "get 
busy"  on  the  work  of  restoring  it. 

O.  F.  Dalstrom,  m.  vv.  s.  e.  :  The  author  has  referred  to  the 
material  being  put  on  in  coats.  I  would  like  to  know  if  it  is  put 
on  in  one  layer  after  another,  going  over  a  part  and  leaving  it  and 
then  coming  back  and  going  over  it  until  a  sufficient  thickness  is 
obtained.  Can  you  get  a  uniform  thickness  over  a  large  surface 
with  nothing  except  the  eye  to  guide  in  producing  it?  Also,  about 
what  is  the  range  of  the  gun  at  which  one  works?  For  instance, 
if  you  want  to  apply  Gunite  to  the  under  surface  of  a  roof  or  the 
lower  part  of  a  bridge,  for  instance,  a  height  of  20  or  30  ft.,  would 
it  be  necessary  to  put  up  scaffolding  for  such  a  distance  ? 

Mr.  Weber:  As  to  the  first  question,  about  the  number  of 
coats,  the  material  is  seldom  put  on  in  one  coating.  In  work  where 
plain  finish  is  required,  it  is  necessary  to  go  within,  say,  ^4  in-  of 
the  final  thickness,  then  float  it  over  and  give  the  finishing  coat 
afterwards.  In  bridge  work,  and  work  where  the  outside  appear- 
ance, or  rather  the  appearance  of  the  work  itself,  is  not  of  so  great 
importance,  the  coating  is,  as  a  rule,  put  on  in  one  coat  and  then 
a  light  flash  coat  is  used  to  even  up  the  very  rough  places. 

As  to  the  second  question,  the  height  to  which  we  shoot,  it  is 
desirable  to  keep  the  nozzle  within  three  to  five  feet  from  the  sur- 
face to  be  coated.  Therefore,  on  the  under  side  of  the  beams  which 
are  of  a  height,  say,  over  8  ft.  from  the  ground,  it  is  necessary  to 
build  a  light  scafifold  to  bring  the  nozzle  within  the  proper  dis- 
tance from  the  work. 

Mr.  Brown:  I  would  like  to  ask  if  the  author  has  noticed 
any  difference  in  regard  to  the  cracking  of  the  plaster  or  stucco 
as  applied  by  the  gun,  compared  with  hand  work? 

Mr.  Weber:  With  the  ordinary  hand  work,  as  a  rule,  no  rein- 
forcement is  employed  and  therefore  hand  work  shows  bad  cracks, 
at  least  in  a  good  many  cases.  However,  Gunite  work  on  wood, 
which  the  last  speaker  apparently  means  by  stucco,  is  always  rein- 
forced with  a  wire  mesh,  and  as  this  wire  mesh  is  greatly  in  excess 
of  the  metal  required  to  overcome  the  temperature  stresses  of  the 
material,  there  is  little  cracking.  As  a  matter  of  fact,  I  have  yet 
to  see  the  first  crack  on  a  Gunite  coat  on  these  structures.  This 
is  due  to  the  strength  of  the  coating  and  the  reinforcement.     After 
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coating  a  frame  house,  we  have  not  a  stucco  coating,  but  a  thin 
reinforced-concrete  casing  over  the  entire  surface,  and  as  there  is 
more  reinforcement  than  would  be  required  for  temperature  stresses 
only,  there  is  practically  no  cracking.  I  will  not  say  that  cracking 
is  impossible.  There  might  be  cracks  somewhere  without  my  know- 
ing it,  but  none  have  ever  come  to  my  knowledge. 

H.  S.  Baker,  m.  w.  s.  e.  :  I  would  like  to  know  whether  this 
cement  gun  process  would  be  applicable  to  the  repair  of  a  corru- 
gated iron  roof.  The  one  I  have  in  mind  is  made  of  twenty-gauge 
black  iron,  painted  and  badly  corroded,  and  in  places  it  is  so  badly 
rusted  yoa  can  see  through  it.  How  thick  a  coat  would  be  neces- 
sary to  insure  its  being  practically  self-supporting  on  a  three  or 
four  foot  span,  where  the  members  of  the  roof  would  be  able  to 
carry  a  new  coating?    Have  you  ever  used  it  for  such  work? 

Mr.  IVeber:  I  am  quite  sure  that  the  cement  gun  can  repair 
the  roof  mentioned,  and  where  the  sun  shines  through  and  the 
metal  in  itself  is  not  sufficient  to  act  as  a  form,  it  would  be  com- 
paratively easy  to  supply  additional  reinforcement.  I  believe  that 
a  coat  of  about  IJ/2  in.  to  2  in.  thickness  (depending  upon  the 
slope  of  the  roof,  the  load  applied,  and  several  other  things),  is 
all  that  would  be  required  to  put  this  roof  in  good  condition.  It 
is  in  just  such  work  that  the  cement  gun  is  of  the  greatest  advan- 
tage, practically  such  work  as  requires  tearing  down  by  any  other 
process.  The  ability  of  the  gun  to  go  to  most  inaccessible  places 
and  avoid  all  this  tearing  down  results  in  great  savings. 

Mr.  Wilson:  Would  there  not  be  danger  of  the  corrugated 
iron  rusting  out  underneath,  making  it  necessary  for  complete  rein- 
forcement ? 

I  Mr.  Weber:  We  would  use  the  corrugated  old  roof  just  for 
a  form  on  which  to  place  our  material,  providing  reinforcing  mesh 
in  the  new  application.  The  present  metal  would  be  simply  a  form 
for  the  concrete  work.  If  it  rusts  out,  no  harm  is  done,  and  at 
the  same  time  this  rusting  could  be  counteracted  to  a  certain  extent 
by  using  a  light  coat,  just  for  rust  protection  on  the  under  side. 
This  would  also  give  the  additional  advantage  of  taking  care  of 
the  condensation  on  the  under  side  of  the  roofing  by  providing  a 
rough  surface. 

/.  H.  Libberton,  Assoc,  w.  s.  e.  :  I  am  interested  particularly 
in  the  results  obtained  and  in  the  manner  of  obtaining  them. 

The  author  made  the  statement  that  the  loss  in  the  application 
of  the  sand  would  vary,  I  believe,  from  5%  to  30%,  and  I  am 
interested  to  know  how,  when  this  loss  is  so  variable,  one  can  make 
comparative  tests  between  ordinary  mixtures  and  Gunite. 

Mr.  Weber:  You  apj^arently  want  to  know  what  is  the  rea.son 
for  this  differentiation  in  the  loss  from  5%  to  30%. 

Mr.  Libberton:  No.  what  I  wish  to  know  is  how  you  can 
reconcile  these  results ;   for  instance,   the  example  you  gave ;  we 
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may  start  out  with  1  to  3  mixture,  and  assuming  a  loss  of  33% 
in  the  sand  you  end  with  a  1  to  2  mixture,  which,  if  you  compare 
with  the  1  to  3  mixture  mixed  by  hand  or  by  a  mixer,  is  really 
not  fair  to  the  1  to  3  mixture, — to  compare  it  with  the  1  to  2  mix- 
ture of  Gunite. 

Mr.  IVeher:  That  is  correct,  but  we  have  made  extensive  tests, 
and  to  the  original  mixture  the  amount  of  rebound  of  sand  which 
we  expect  (and,  of  course,  on  account  of  past  experience,  we  esti- 
mate it  very  closely)  is  added  to  the  mixture.  In  other  words,  to 
produce  a  Gunite  coating  1  to  3  on  the  wall,  we  may  estimate 
an  amount  of  loss  of  sand  by  rebound  to  20%  on  a  coating  lyi  in. 
thick. 

The  mixtures  on  the  job  are,  as  a  rule,  made  in  small  quan- 
tities. In  order  to  obtain  a  uniform  final  mixture  throughout  the 
whole  work,  it  is  necessary  to  make  the  measuring  boxes  for  the 
sand  correspondingly  larger.  The  correct  amount  of  sand  to  be 
used  for  every  sack  of  cement  is  determined  before  the  work  is 
started. 

Mr.  Libberton:  You  use  a  leaner  mixture  then,  more  sand, 
when  using  the  gun  ? 

Mr.  Weber:  Yes.  We  add  to  the  original  mixture  the  mate- 
rial which  will  rebound.  That  is  mixing  the  original  mixture  leaner, 
but  the  ultimate  result  will  be  the  correct  amount  for  the  material 
on  the  place  of  deposit. 

Mr.  Wilson:    How  is  the  gun  used  on  the  Panama  Canal? 

Mr.  Weber:  Variable  use  has  been  found  for  it,  but  the  first 
and  rather  extensive  use  was  had  in  the  Culebra  Cut,  where  the 
rock  is  of  a  very  peculiar  formation.  There  is  a  hard  rock  on  top 
with  an  underlying  stratum,  which  the  torrential  rains  and  expos- 
ure to  atmosphere  rapidly  deteriorate.  As  this  lower  material  de- 
teriorated and  crumbled  down,  it  would  undermine  the  hard  rock 
lying  above.  It  v/as  found  necessary  to  put  some  kind  of  a  rain- 
coat, as  I  might  call  it,  over  this  mass  to  protect  the  material,  and 
that  is  the  first  use  to  which  the  cement  gun  was  put  on  the  Panama 
Canal.  Before  they  had  a  cement  gun  they  used  form  work  and 
applied  ordinary  concrete  of  a  thickness  of  from  4  in,  to  4  ft.,  due 
to  the  uneven  slopes.  With  the  cement  gun,  such  a  leveling  was 
not  necessary.  There  was  no  attempt  made  to  produce  an  even 
surface,  but  simply  to  cover  this,  as  it  was  uniformly  4  in.  thick. 
Later  the  slides  of  the  Culebra  Cut  destroyed  practically  all  of  this 
work. 

Mr.  GaUlard:     It  would  not  hold  the  slide  back  then? 

Mr.  Weber:  No,  it  was  not  expected  to.  The  gun  is  also  used 
on  the  Canal  for  finishing  cement  and  other  work  as  in  ordinary 
practice. 

Mr.  GoiUard:  As  I  understood  the  matter,  tlie  reason  they 
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gave  up  the  use  of  the  cement  gun  in  the  Culehra  Cut  was  because 
the  rock  oxidized  beliind  the  coating  and  the  Gunite  flaked  off. 

Mr.  ll'cbcr:  1  am  not  able  to  make  any  correction  on  this 
statement  l)ecause  it  is  the  first  time  I  have  heard  it.  I  really  do 
not  know  how  such  an  oxidation  behind  the  cement  coating  could 
take  place,  but  perhaps  in  this  case  the  rock  is  of  such  a  peculiar 
nature  that  it  would  not  stand  the  exclusion  of  the  air. 

Mr.  Gaillard:  It  was  my  impression  that  it  was  the  natural 
oxidation  of  the  rock,  and  that  when  the  rock  oxidized  it  occupied  a 
greater  volume  than  before  and  really  pushed  the  coating  off. 

Mr.  JVcbcr:  Cracks  may  have  appeared,  due  to  the  uneven 
settling,  because  no  attempt  was  made  to  reinforce  the  coating. 
There  are  a  good  many  opinions  as  to  what  may  have  caused  the 
breaks  and  cracks,  but  that  is  about  the  strangest  theory  I  have 
heard.  However,  I  have  no  facts  in  this  connection,  and  therefore 
T  am  not  able  to  make  any  correction. 

Mr.  Gaillard:  It  must  be  remembered  that  "weathering"  on 
the  Isthmus,  with  its  peculiar  climatic  conditions,  is  much  more 
severe  than  is  realized  by  those  who  are  unfamiliar  with  the  con- 
ditions there. 

Mr.  Prior:  I  would  say,  in  a  general  way,  that  rock  is  not  a 
combustible  substance,  and  if  it  oxidized  at  all  the  process  would 
be  slower  if  well  protected  by  a  coating  of  cement. 

Mr.  Lihherton:  I  am  not  familiar  with  this  except  what  I 
have  heard  of  the  rock  formation  of  the  Culebra  Cut ;  but  I  un- 
derstand that  the  inclines  there  are  at  a  much  steeper  pitch  than 
the  angle  of  repose,  and  the  rock  itself  is  of  a  very  open  nature. 
If  the  rock  were  of  a  solid  formation  throughout,  the  cement  gun 
would  absolutely  protect  the  outer  area  and  prevent  slides,  but  with 
a  lot  of  k)ose  material  behind,  a  thin  coat  of  concrete  will  not  hold 
it  back. 

Mr.  Gaillard:  The  following  two  quotations  from  the  Report 
of  the  (ieologist.  Appendix  E.  in  the  Annual  Report  of  the  Isthmian 
Canal  Commission  for  1912,  may  be  of  interest  as  giving  the  offi- 
cial reason  for  the  lack  of  success  attending  the  use  of  the  cement 
gun  under  conditions  for  which  it  was  not,  as  it  turned  out.  par- 
ticularly suited.  Incidentally  they  may  explain  to  the  skeptical, 
how   rock  can   oxidize. 

"The  rocks  of  the  cut  are  mostly  basic,  and  contain  iron  and 
magnesia  comjjound  in  considerable  amounts.  The  iron  compounds 
are  largely  in  the  ferrous  form  and  give  to  the  rocks  dark  and 
green  shades  of  coloring.  On  exposure  to  the  moist  atmosphere, 
these  ferrous  compounds  are  oxidized  to  the  ferric  condition,  witii 
ciiange  of  volume  and  conse(|uently  a  crumbling  of  the  material 
so  charged  takes  place.  This,  coupled  with  the  soluble  character 
of  the  limy  cement  present  in  varying  quantities  in  most  of  the  beds, 
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seems  to  be  the  chief  reason  for  the  very  rapid  weathering  here  of 
all  except  the  dense  volcanic  rocks." 

"It  is  certain  that  no  practical  system  of  revetment  work  or 
retaining  walls  would  prevent  the  large  slides.  Still  there  is  no 
reason  why  a  protecting  revetment  along  the  water's  edge  where 
the  rocks  are  crumbly,  designed  to  allow  for  the  various  rock  ad- 
justments, can  not  be  adopted.  A  thin  veneer  of  cement  spread 
on  the  slopes  from  a  cement  spraying  gun  was  tried,  but  without 
success.  Within  a  few  months  the  thin  coat  of  cement  thus  put 
on  began  to  crack  and  peel  off,  due  to  the  following  causes : 

"(1)  Oxygenated  surface  waters  seeped  through  the  thin 
coating  and  through  the  rock  and  oxidized  the  latter  along  its  con- 
tact with  the  cement,  thus  causing  the  adhesive  zone  or  contact 
to  become  loose  and  crumbly  and  very  insecure. 

"(2)  Irregular  swelling  of  the  rock,  due  to  oxidation,  ad- 
justment of  pressures,  etc.,  cracked  the  cement  veneer  and  further 
weakened  it. 

"(3)      Blasting  vibrations  tended  to  crack  and  scale  it  off." 

It  will  be  seen  that  this  explanation  applies  to  the  places  where 
the  banks  are  unaffected  by  the  slides.  Naturally  no  one  expected 
this  cement  coating  to  resist  the  pressure  of  the  slides  themselves, 
4  in.  is  somewhat  thin  for  a  retaining  wall  for  a  sliding  bank  some 
200  ft.  high, 

William  Seafei't,  aff.  w.  s.  e.  :  Do  you  lose  any  cement  with 
the  rebound  of  the  sand?  The  sand  must  be  wet,  carried  on  in  a 
stream. 

Another  question  I  would  like  to  ask ;  how  do  you  try  the 
pressure  of  the  water  and  the  aggregates  at  the  same  time?  Do 
you  take  the  city  supply,  or  do  you  have  air  pressure  behind  the 
water  ? 

Mr.  Weber:  As  to  the  first  question,  the  loss  of  cement  is 
ordinarily  a  negligible  amount ;  in  fact,  it  is  such  a  small  percent- 
age that  it  does  not  need  to  be  considered  at  all.  For  example, 
if  you  take,  say,  a  baseball,  or  any>  hard  body,  and  roll  it  in  the 
mud  and  throw  it  with  very  heavy  force  against  a  wall,  the  soft 
material  will  leave  the  ball  and  splash  on  to  the  wall  surface.  The 
same  takes  place  on  every  grain  of  sand.  The  impelling  force 
cleans  the  rebounding  sand.  Go  over  our  cement  work  and  you 
find  the  falling  sand  at  the  bottom  is  perfectly  clean,  absolutely  so. 

In  regard  to  the  second  question,  as  to  how  the  water  pressure 
is  supplied  to  the  material :  It  is  necessary,  of  course,  as  you  are 
well  aware,  to  have  a  higher  pressure  for  the  water  than  for  the 
material.  We  need  about  25  lb.  more  j^ressure  in  the  water  line 
than  in  the  material  discharge.  There  are  many  cases  where  the 
pressure  in  a  city  water  system  is  60,  65  and  70  lb. — quite  sufficient 
for  cement  gun  purposes.  But  if  this  is  not  the  case,  a  pump  is 
used  in  connection  with  the  compressor. 
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IN  MEMORIAM 

CHARLES  EDWARD  DeCROW,  AFF.W.S.E. 

Died  June  17,  1912. 

In  Charles  Edward  DeCrow  the  Society  has  lost  one  of  those 
whose  loyalty  dates  back  to  the  early  days  of  the  Chicago  Elec- 
trical Association,  long  before  the  latter  became  the  nucleus  jof 
our  present  Electrical  Section.  Born  at  Newark,  Ohio,  in  1871, 
and  trained  at  Denison  University,  Mr.  DeCrow  rose  step  by 
step  from  a  track-bonder  and  dynamo-tender  for  the  Newark  & 
Granville  Electric  R.  R.  Co.,  to'  a  wireman  and  arc  lamp  tester 


for  the  Western  Electric  Co.,  and  from  operating  electrician  for 
Machinery  Hall,  to  electrical  inspector  for  the  Transportation 
Building  at  the  World's  Columbian  Exposition.  Then,  after 
some  years'  experience  superintending  electric  light  plant  con- 
struction, he  returned  to  the  Western  Electric  Co.,  where  he  per- 
fected the  organization  of  the  Apparatus  Order  and  Output  De- 
partment— a  notable  achievement  in  itself,  and  one  which  led 
to    his    further    promotion    and  to  his  being  chosen  as  General 
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Superintendent  of  the  Addressograph  Co.  some  six  years  ago. 
This  position  he  retained  until  stricken  with  appendicitis  last 
June,  from  which  he  never  recovered. 

Always  genial  and  diplomatic,  Mr.  DeCrow  had  the  happy 
faculty  of  simultaneously  making  friends  of  his  co-workers  and 
stimulating  them  to  more  effective  service.  Unsparing  of  his 
own  time  and  strength,  he  practiced  what  he  preached,  and  leaves 
behind  him  an  enviable  record  alike  for  having  systematized  and 
improved  factory  methods,  for  having  inspired  a  high  spirit  of 
loyalty  among  those  working  with  or  under  him,  and  for  having 
been  at  all  times  what  every  true  engineer  should  be — a  man 
amonsT  men. 


ADAM  COM  STOCK,  M.  VV.  S.  E. 
Died  August  i6,  igi^. 

Adam  Comstock  was  born  at  Hector,  Tompkins  County,  New- 
York,  September  17,  1827.  He  was  a  grandson  of  Col.  Adam  Com- 
stock, commissioned  Lt.  Col.  First  .Rhode  Island  Volunteer  Infantry 
by  the  Continental  Congress,  September  7,  1776. 

The  father,  Alexander  McGregor  Comstock,  pioneer  physi- 
cian, surgeon,  and  minister  of  the  M.  E.  Church,  removed  to  Will 
County,  Illinois,  at  the  close  of  the  Black  Hawk  War,  1836,  and 
the  opening  work  of  the  Illinois  and  Michigan  Canal.  He  purchased, 
cleared,  and  farmed  what  is  known  as  Flathead  Mound,  five  miles 
southwest  of  Joliet.  The  settlement  house  location  is  still  marked 
by  a  pile  of  foundation  stones  near  the  late  residence  of  Dr.  RoUo 
Reed  on  the  Channahon  Road.  On  the  second  outbreak  of  cholera 
attending  the  excavation  of  the  Illinois  and  Michigan  Canal,  Dr. 
Comstock  responded  to  the  call  to  service  and  unfortunately  died 
in  that  service  from  cholera. 

Adam  Comstock,  the  Civil  Engineer  and  subject  of  this  me- 
morial, lived  with  his  parents  upon  the  farm  until  fourteen  years  of 
age.  In  the  spring  of  1841  the  family  moved  to  the  village  of  Joliet. 
He  received  his  academic  education  at  Mount  Morris  Seminary, 
Ogle  County,  Illinois,  and  immediately  after  completing  his  school 
work  engaged,  in  1851,  with  the  Chicago.  Rock  Island  &  Pacific 
Railway  on  preliminary  surveys.  He  was  Resident  Engineer  during 
the  years   1852-3. 

As  Resident  Engineer,  he  built  the  section  of  the  Joliet  & 
Northern  Indiana  R.  R.  between  Joliet  and  Matteson,  1854-5,  and 
was  subsequently  connected  wath  the  main  line  and  branches  of  the 
Chicago  &  Alton  R.  R.  He  served  as  City  Surveyor  of  Joliet,  from 
March,  1860,  to  March,  1868.  He  also  served  as  Countv  Surveyor 
of  Will  County,  1861-69. 

In  1869,  as  Engineer  for  the  Joliet  Coal,  Iron  and  Transfer 

Memorial  prepared  by  Robert  E.  Orr,  Assoc,  w.  s.  e. 
March,  1914 


318  In    Mrvmriniii 

Co.,  he  laid  out  the  Ilhnois  Steel  Works,  under  Mr.  A.  B.  Meeker, 
the  principal  projector.  He  designed  and  built  the  stone  arch 
bridge  at  Jefferson  Street,  Joliet,  across  the  Desplaincs  River,  in 
1871,  This  bridge  was  removed  by  the  Sanitary  District  of  Chi- 
cago in  1899. 

When  the  southern  states  began  to  recover  from  the  great 
Civil  War,  Mr.  Comstock  was  engaged  by  the  Illinois  Central  R.  R. 
(first  as  Division  Engineer  at  Clinton,  Kentucky,  and  then  as  Chief 
Engineer  on  location  and  construction  of  other  lines  as  far  south  as 
Holly  Spring),  to  reconstruct  and  project  new  main  and  branch 
lines  south  of  the  Ohio  River,  1871-4.  The  ill  health  of  his  aged 
mother  and  her  demise  in  1874  prevented  him  from  accepting  a 
good  position  with  the  Union  Pacific  Ry.  that  year.  Afterwards 
he  engaged  with  the  city  of  Cairo,  Illinois,  and  Council  Bluffs,  Iowa. 

It  was  after  the  Cte  Indian  Massacre  and  the  struggle  between 
the  Atchison,  Topcko  &  Sante  Ve  and  Denver  &  Rio  Grande  rail- 
roads over  the  Grand  Canyon  Pass,  Colorado,  that  Mr.  Comstock 
engaged  with  the  Denver  &  Rio  Grande  R.  R.  on  the  firing  line  in 
the  early  eighties  to  locate  and  blast  their  trail  through  the  moun- 
tain passes  of  Colorado.  After  returning  to  Illinois  he  was  engaged 
for  a  while  with  the  Pekin  &  Southwestern  R.  R.  and  later  on  a 
division  of  the  Chicago  &  Alton  R.  R.  at  Higbee,  ]\Io. 

In  1886  lie  was  made  Chief  Engineer  of  the  Texas  &  St.  Louis 
R.  R. 

From  1889  to  1893  inclusive  he  served  as  City  Engineer  of 
Joliet.  During  this  service  he  became  engaged  in  drainage,  water 
supply,  bridge  building,  and  municipal  engineering  for  cities  and 
towns  about  the  State. 

From  about  1897  until  the  time  of  his  death  he  was  engaged 
in  independent  practice  as  a  Civil  Engineer. 

In  1853  Mr.  Comstock  married  Miss  Elizabeth  E.  Griffin,  of 
Moline,  Illinois.  In  1888  he  suffered  the  loss  of  his  only  son,  \\'.  E. 
Comstock,  who  was  also  a  Civil  Engineer.  In  1905  the  loss  oi 
his  devoted  wife  was  another  heavy  blow.  An  only  daughter,  Mrs. 
William  E.  Sandiford,  of  Joliet,  survives  him. 

Mr.  Comstock  was  a  charter  member  of  the  Western  Societv 
of  P3ngineers  and  retained  a  continuous  membership  until  his  death 
in  1911. 
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PROCEEDINGS  OF  THE  SOCIETY 

Minutes  of  the  Meetings. 

Regular  Meeting,  March  2,  igi.}. 

A  regular  meeting   (No.  853)   was  held  Monday  evening,  March  2,  1<J14. 

The  meeting  was  called  to  order  by  President  Lee  at  8:10  p.  m.,  with  nearly 

'.IQQ   members   and  guests   in   attendance.     The    Secretary   reported    from   the 

Board  of  Direction  that  the  following  had  been  elected  into  membership : 

1913 

Xo.  158,  Arthur  B.  Shenk,  Evanston,  111 Junior  Member 

Xo.  166,  Edward  E.  Reddersen,  Chicago    (transfer) Junior  Member 

Xo.  167,  Bert  H.  Peck,  Chicago Associate  Member 

1914 

Xo.      1,  Harold  P.  Weaver,  Chicago  (transfer) Associate  Member 

Xo.      3,  Barnabas  Schreiner,  Oskaloosa,  Iowa  (transfer) Member 

No.      5,  Royal  H.  Drummond,  Fargo,  N.  D Student  Member 

No.       6,  William  Otto  Lichtner,  Xewton  Highland,  ]\Iass.  .Associate  Member 

Xo.      7,  Herbert  E.  Hudson,  Chicago Associate  ]\Iember 

Xo.      8,  Isaac  Van  Trump,  Chicago ^^lember 

Xo.      9,  William  H.  Fursman,  Henryetta,  Okla Member 

No.     10,  Henry  Ericsson,  Chicago  Member 

X'o.     11,  Arnold  X^.  Lurie,  Chicago  (transfer) Associate  Member 

No.     12,  Frederick  T.  Synder,  Chicago Member 

No.     13,  Henry  J.  Kaufman,  Chicago Member 

Also,  that  applications  for  admission  to  the  Society  had  been  received 
from : 

1914 

Xo.  14,  Carl  E.  Brockhausen,  Chicago. 

No.  15,  Edward  C.  Holden,  Chicago. 

No.  16,  Francis  H.  Wright,  Chicago. 

Xo.  17,  James   Sorenson,   Milwaukee,  Wis. 

Xo.  18,  Charles  A.  Morse,  Chicago. 

The  President  then  introduced  Mr.  A.  S.  Zinn,  ]\I.  W.  S.  E.,  who  ad- 
dressed the  meeting,  with  lantern  slide  illustrations,  on  the  Panama  Canal, 
Locks  and  Spillways.  In  turn  Mr.  Zinn  introduced  Mr.  L.  D.  Cornish,  the 
designing  engineer  of  the  same,  who  described,  somewhat  in  detail,  the  locks 
of  the  Panama  Canal. 

After  a  little  discussion,  and  a  social  time,  the  meeting  adjourned  about 
11  p.  m. 

Extra  Meeting,  March  g,  1914.  • 

An  extra  meeting  of  the  Socety  (No.  854) — the  Bridge  and  Structural 
Section — was  held  Monday  evening,  March  9,  1914.  The  meeting  was  called 
to  order  at  8  p.  m.  by  the  Chairman,  ^Ir.  J.  H.  Prior,  with  about  75  members 
and  guests  in  attendance.  The  idea  of  convening  the  meetings  of  the  Section 
at  an  earlier  hour  was  presented,  discussed,  and  on  vote  it  was  decided  to 
have  the  meetings  of  this  Section  begin  at  7:30  p.  m. 

Mr.  Carl  Weber  was  introduced,  who  read  his  paper  on  "The  Cement 
Gun."  Discussion  followed  from  Mr.  Prior.  R.  S.  Draper,  E.  B.  Wilson,  C. 
W.  Boynton,  C.  W.  :\Ielcher,  O.  F.  Dalstrom.  Mr.  Brown,  H.  S.  Baker.  Ernest 
McCullough,  J.  H.  Libberton,  D.  P.  Gaillard,  Geo.  M.  Mayer,  Wm.  Seafert. 
with  replies  and  explanations  from  ]Mr.  Weber. 

Meeting  adjourned  about  10  p.  m. 

Extra  Meeting,  March  16,  1914. 
.\x\  extra  meeting  of  the  Society  (No.  855)  was  held  Monday  evening. 
March  16,  1914.  The  meeting  was  called  to  order  at  8:05  p.  m.,  i\Ir.  B.  E. 
Grant  presiding,  and  with  about  140  members  and  guests  in  attendance.  Mr. 
Andrew  Cooke  was  introduced,  who  read  his  paper.  Government  Regulation 
of    Railroads    from    the    Investor's    Standpoint.      He   was    followed    by    Mr. 
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Samuel  O.  Dunn,  Editor  of  the  Raihvay  Age  Gazette,  who  read  his  paper  on 
Vakiati(jn  of  Public  Utilities  from  the  Railway  Point  of  View.  He  was  fol- 
olwcd  by  Mr.  Harold  Almert,  on  Public  Utility  Regulation  from  the  Stand- 
point of  the  Public  and  the  Engineer.  Discussion  followed  from  Messrs. 
J.  W.  Alvord,  W.  B.  Jackson,  W.  A.  Shaw,  L.  E.  Cooley,  A.  C.  King,  B.  E. 
Cirant,  and  Prof.  Morgan  Brooks.  The  Secretary  read  a  discussion  of  the 
subject  sent  in  by  letter  from  Mr.  Onward  Bates. 

Meeting  adjourned  at  10:20  p.  m. 

Extra  Meeting,  March  26,  1914. 

An  extra  meeting  of  the  Society  (No.  856),  a  joint  meeting  of  the 
Electrical  Section,  W.  S.  E.,  and  the  Chicago  Section,  A.  I.  E.  E.,  was 
held  Thursday  evening,  March  26,  1914. 

The  meeting  was  called  to  order  at  8:10  p.  m.  by  Mr.  F.  J.  Postel, 
Chairman  of  the  Electrical  Section,  and  with  about  100  members  and 
guests  in  attendance.  Mr.  R.  H.  Rice,  on  behalf  of  the  A.  I.  E.  E.. 
stated  that  an  effort  was  being  made  toward  increase  of  membership  in 
the  A.  I.  E.  E.  by  the  several  local  sections,  and  it  was  for  the  members 
of  the  Chicago  Section  to  decide  upon  their  plan  of  action.  Also  that 
the  next  meeting  of  the  Chicago  Section,  April  27th,  would  be  the 
Annual  Meeting  and  election  of  the  Executive  Committee  of  the  section. 

Mr.  B.  H.  Glover,  of  the  Underwriters  Laboratories,  was  then  in- 
troduced, who  read  his  paper  on  the  duties  and  services  of  the  labora- 
tory, particularly  as  relating  to  Electrical  Inspection.  Discussion  fol- 
lowed from  Messrs.  V.  H.  Towsley,  electrical  inspector  for  the  city,  and 
H.  B.  Gear  of  the  C.  E.  Co.  There  was  other  discussion  from  B.  H. 
Peck,  R.  S.  Huey,  S.  S.  Wendt,  F.  A.  Watkins,  C.  W.  Naylor  and  P.  B. 
Woodworth,  with  replies  and  explanations  from  Messrs.  Glover,  Tows- 
ley  and  Postel. 

Meeting  adjourned  about  10:10  p.  m. 

J.  H.  Warder, 

Secretary. 


BOOK  REVIEWS 

The  Books  Reviewed  Are  in  the  Libr-ary  of  This  Society. 
Economics  of  Interurb.vn  Railways.    By  Louis  E.  Fischer,  Consulting  Engi- 
neer, St.  Louis,  Mo.     McGraw-Hill  Book  Co.,  New  York,  1914.     Cloth, 
.5  by  7^j  in.     116  pp..  including  index.     Price  $1..")0. 

The  interurban  railways  considered  in  this  little  book  are  electric  rail- 
ways, the  promotion  and  construction  of  which  have  been  noticeable  features 
in  the  industrial  and  financial  world  within  the  last  few  years.  There  are 
now  over  20,000  miles  of  electric  roads,  suburban  and  interurban,  in  oper- 
ation in  the  United  States.  The  operations  of  these  are  more  or  less  avail- 
able through  the  medium  of  reports  of  State  Commissions,  yet  these  reports 
are  not  always  nf  service  in  showing  a  possible  investor  whether  a  newly 
projected  road  would  prove  to  be  a  profitable  one.  .\s  a  matter  of  fact,  many 
of  these  properties  have  been  unprofital)lc.  There  is  a  strong  similarity  here 
with  the  history  of  steam  operated  railroads,  and  this  similarity  leads  to  some 
suspicion  on  the  part  of  those  to  whom  new  projects  along  these  lines  are 
presented,  soliciting  their  financial  aid.  It  is  because  of  this  condition  that 
the  author  considered  there  was  need  for  a  review  of  economic  results  of  the 
operations  of  electric  interurban  railways,  that  a  layman  may  better  com- 
prehend the  fimdamcntals  pertaining  to  an  economically  successful  road. 

The  book  is  divided  into  seven  chapters,  with  somewhat  the  following 
divisions:  Incei)tion  and  Development  of  Electric  Traction;  Classification 
and  Definitions ;  Operating  Revenue :  Operating  Expenses ;  Cost  of  Construc- 
tion; and,  Economic  Relations  of  Revenues,  Expenses  and  Contruction. 
.Some  interesting  tables  are  presente<l,  as  Table  I,  "Passenger  Revenue."  and 
"Other  than   Passenger  Revenue"  for  ten  typical  selected  cases.     These  ten 

Vol.  XIX,  No.  3 


I 


Book  Reviews  321 

roads  show  an  aggregate  Passenger  Revenue  of  $614,208,  and  from  Other 
than  Passenger  Revenue  an  aggregate  of  $60,42S,  or  a  total  gross  revenue 
for  the  ten  roads  of  $6,913.21.  The  mileage  of  these  ten  roads  is  not  given, 
but  for  comparison  there  is  a  statement  that  in  1911  the  average  on  24.3,229 
miles  of  steam  roads  the  passenger  revenue  was  $631,340,776,  and  the  revenue 
other  than  passenger  (freight,  express,  etc.)  aggregated  $2,155,338,840,  or 
77  per  cent  of  the  total  gross  revenue,  which  was  about  nine  times  the  corre- 
sponding figure  of  the  ten  electric  roads.  The  author  has  classified  electric 
roads  according  to  the  terminal  and  subsidiary  population  to  be  served,  and 
from  whom  the  revenue  is  to  be  obtained.  A  table  is  presented  of  statistics 
of  36  typical  electric  lines,  in.  13  diflferent  states,  with  the  miles  of  track  of 
each,  the  primary  terminal  population,  the  intermediate  town  and  village  pop- 
ulation and  the  gross  operating  revenue,  from  which  the  author  draws  the  de- 
duction that  operating  revenue  varies  with  the  aggregate  of  the  intermediate 
town  and  village  population.  There  are  other  tables  presenting  data  of  a 
somewhat  similar  character  and  which  are  of  value  to  enable  a  forecast  to  be 
made  as  to  the  probable  earnings  on  a  projected  electric  road.  Other  tables 
show  operating  expenses  of  electric  interurban  railways  of  one  character  or 
another,  and  referred  to  car  mile  or  other  basis.  Also  taxes  in  diflferent  states, 
total  and  per  mile  of  track,  which  show  for  10  electric  roads  an  average  of 
$156.00  per  mile  of  track  and  that  $448.00  is  the  average  taxes  on  243,229 
miles  of  track  of  steam  roads  in  1911. 

The  book  possesses  a  distinct  value  to  those  interested  in  electric  roads, 
projected  or  in  operation. 

The  ]^Iechanical  Engineers'  Reference  Book.    A  handbook  of  Tables,  For- 
mulas and  Methods   for  Engineers,  Students  and  Draftsmen,  by  Henry 
Harrison  Suplee,  B.  Sc,  M.  E.     Lippincott  &  Co.,  London  and  Philadel- 
phia.    Flexible  leather ;  4  by  7  in. ;  pp.  964.     Price,  $5.00. 
This  ^Mechanical  Engineers'  Reference  Book,  which  appears  in  its  fourth 
edition,  will  undoubtedly  meet  with  much  favor  among  the  mechanical  engi- 
neering profession.     The  text,  which  has  been  extensively  revised  and  en- 
larged from  the  one  of  the  three  previous  editions  by  the  addition  of  a  40 
page  appendix,  is  presented  in  a  precise  and  comprehensive  manner  which 
makes  it  easy  to  find  just  what  one  is  looking  for  when  referring  to  the  book 
for  information. 

The  first  chapters  on  Mathematics,  Mechanics  and  Materials  of  Engineer- 
ing contain  mostly  tabulated  matter  conveniently  arranged  for  ready  refer- 
ence. Under  the  heading  of  "Standard  Flanges"  the  old  standards  of  the 
American  Society  of  Mechanical  Engineers  from  the  year  1900  have  been 
given,  and  the  reviewer  wishes  to  suggest  that  the  latest  "Standard"  adopted 
by  the  American  Society  of  Mechanical  Engineers,  Oct.  25,  1911,  may  have 
been  included  to  advantage  in  the  text,  together  with  the  other  standard. 
The  chapters  on  Strength  of  Materials  and  Machine  Design  are  very  well 
treated,  covering  briefly  the  essential  points  with  which  the  designer  comes 
in  frequent  contact  in  his  daily  work. 

The  chapter  on  heat  is  treated  in  a  rather  general  way  and  in  the  re- 
viewer's opinion  the  future  editions  of  this  book  could  include  more  data  on 
the  important  subject  of  Heat  and  Heat  Energy. 

The  chapters  on  Air  and  Water  contain  80  pages  of  very  useful  infor- 
mation. Fuel  and  steam  are  really  too  briefly  treated  in  order  to  be  consid- 
ered of  equal  value  with  the  balance  of  the  text  matter.  The  tabulated  data 
on  fuel  could  also  have  been  revised  by  including  more  recent  tests  and 
analyses  than  those  published  in  the  previous  editions.  The  chapters  on 
Steam  Boilers,  Steam  Engines,  Internal  Combustion  Motors,  and  Electric 
Power  are  sufficiently  complete  for  a  book  for  such  purposes  for  which  this 
book  is  intended.  The  balance  of  the  book  is  well  in  keeping  with  the  general 
excellence,  and  while  the  reviewer  has  not  chcked  any  formulas  given  in  the 
book  he  has  nevertheless  recognized  quite  a  number  which  are  authoritative 
in  their  respective  place. 
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One  especially  desirable  feature  of  this  book  is  the  tabulated  data  in 
Metric  Units  which  render  it  very  convenient  to  change  calculated  data  from 
one  system  of  measurements  into  the  other. 

In  general,  this  book  can  be  heartily  recommended  to  every  engineer,  not 
only  mechanical,  but  also  electrical  and  civil,  as  in  spite  of  the  era  of  special- 
ization in  the  engineering  profession,  the  time  has  arrived  in  which  we  must 
not  only  know  as  much  as  possible  about  our  own  line  of  work  but  must  also 
be  posted  to  a  certain  extent  about  the  work  of  our  brothers  in  the  field,  and, 
therefore,  this  Mechanical  Engineers'  Reference  Book  should  have  a  place  on 
the  desk  of  every  engineer.  R.  G.  R. 

Industri.*iL  Chemistry   for   Engineering  Students,  by  Henry  K.   Benson, 

Ph.  D.,  Professor  of  Industrial  Chemistry,  Univ.  of  Washington.     The 

MacMillan  Company,  New  York.    Cloth,  5  by  8  in. ;  pp.  431.    Price,  $1.90. 

Industrial   Chemistry  is  a  brief  treatise  of  the  chemistry  of  the   more 

common  materials  used  in  the  various  branches  of  engineering  and  although 

brevity  by  itself  without  adequacy  is  questionable,  it  must  be  said  about  this 

book  that  Professor  Benson  has  sacrificed  no  salient  feature  that  is  essential. 

As  the  title  states,  this  book  is  chiefly  intended  for  engineering  students  and 

a  thorough  study  of  the  book  should  not  fail  to  provide  a  foundation  broad 

and  thorough  enough  to  serve  as  an  introduction  to  a  more  advanced  study 

of  the  subject. 

The  more  important  topics  of  interest  in  engineering,  like  fuels,  combus- 
tion, clay  products,  cement,  and  explosive  materials  are  more  fully  covered 
than  some  subjects  not  as  important.  This  book,  while  primarily  intended 
for  students,  will  be  found  very  useful  by  the  practical  man.  and  especially 
the  man  in  charge  of  a  power  plant,  or  the  heating  and  ventilating  engineer. 
To  understand  this  book,  a  knowledge  of  elementary  physics  and  the  first 
principles  of  chemistry  are  pre-supposed. 

An  important  feature  of  the  book,  in  the  opinion  of  the  reviewer,  which 
will  be  very  useful  for  those  desirous  of  pursuing  the  study  of  a  special  sub- 
ject, is  the  bibliography  at  the  end  of  each  chapter.  This  is  very  complete 
and  only  reliable  information  has  been  used.  The  system  m  which  these 
bibliographies  are  listed, — first  the  books,  alphabetically  by  authors,  and  then 
the  titles  of  books  or  articles  in  chronological  order, — makes  a  reference  to 
the  same  very  convenient. 

A  critical  review  gives  the  impression  that  the  author  has  accomplished 
his  purpose  of  providing,  with  the  presentation  of  this  book,  a  selection  of 
subject  matter  which  will  benefit  both  the  students  of  engineering  and  the 
practician  as  well.  R-  G.  R. 
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CITY  TRANSPORTATION— SUBWAYS    AND    RAIL- 
ROAD TERMINALS 

IhoN  J.  Arnold,  m.  w.  s.  e. 

Presented  January  26,  ipi^^- 

In  1902  the  City  of  Chicago  entrusted  me  with  the  responsibihty 
of  making  a  study  of  the  then  transportation  system  of  the  city; 
that  is,  that  portion  of  it  which  related  to  the  surface  hues  compa- 
nies. I  had  five  months  in  which  to  make  the  study  and  make  the 
report.     That  report  was  delivered  in  November  of  that  year. 

The  present  underground  freight  tunnel  system,  known  at  that 
time  as  the  Illinois  Tunnel  Company  and  now  as  the  Chicago  Tun- 
nel Company,  had  then  about  six  miles  of  the  small  bore  size  con- 
structed and  the  promoters  or  the  owners  had  asked  the  City  Coun- 
cil for  the  privilege  of  enlarging  that  bore.  They  had  constructed 
short  sections  of  an  enlarged  size,  one  in  front  of  the  Masonic 
Temple,  and  the  other  on  Fifth  Avenue,  I  think,  between  Monroe 
and  Madison  Streets.  They  had  these  little  sections,  each  probably 
80  or  90  ft.  long,  to  show  that  they  could  build  a  hole  of  that  size 
under  the  Chicago  streets  at  that  level.  They  had  come  before  the 
City  Council  and  asked  permission,  as  I  say,  to  enlarge  the  bore  of 
the  entire  system  to  that  size,  which  is  large  enough  to  allow  a 
street  car  to  run  in, — that  is,  a  properly  designed  street  car  to  fit 
that  particular  tunnel.  Nevertheless,  it  would  have  been  a  car  large 
enough  to  have  tran.'^ported  passengers  and  would  have  resembled 
the  cars  now  operated  on  what  is  known  as  the  London  and  Water- 
loo Road,  running  from  the  Rank  of  England  over  to  Waterloo  Sta- 
tion. They  are  very  low.  The  wheels  are  low ;  the  cars  are  low 
in  the  frame,  and  they  are  squatty  in  appearance.  But  they  carry 
passengers  successfully.  Such  a  car  could  have  been  operated  had 
the  subway  been  constructed  to  the  size  of  those  large  sections  then 
built. 

At  that  time  the  question  I  was  asked  by  the  City  Council  +0 
report  on  was  whether  this  company  should  be  allowed  to  enlarge 

*Stenog:raphic  report  of  an  informal  talk  by  Mr.  Arnold  before  a 
Joint  Meeting-  of  the  Electrical  Section,  W.  S.  E.,  and  the  Chicago  Sec- 
tion, A.  I.  E.   E. 
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its  section  to  that  size.  I  asked  for  time,  saying  that  the  trans- 
portation problem  of  the  city  had  just  been  put  up  to  me,  and  I 
thought  1  ouglit  to  have  time  to  analyze  the  entire  problem  before 
making  a  reply.  They  gave  me  that  time  and  when  my  report  was 
delivered,  it  was  adverse  to  the  enlargement  of  the  tunnel,  unless 
the  rei)resentatives  of  the  comjiany  would  come  out  squarely  and 
say  what  they  wanted  it  for.  The  theory  they  claimed  to  want  to 
enlarge  it  on  was  this, — that  the  tunnel  was  built  for  telephone 
cables,  and  that  they  had  found  they  could  more  economically  con- 
struct telephone  cables  in  mile  lengths  than  in  any  other  lengths, 
or  at  any  rate  they  could  buy  them  cheaper  in  mile  lengths ;  also, 
it  would  save  joints  if  they  could  buy  the  cables  in  that  length, 
and  in  order  to  get  a  reel  in  tlic  tunnel  big  enough  to  carry  a  cable 
a  mile  long,  they  must  have  the  tumiels  the  large  size.  I  saw  the 
argument,  but  I  did  not  see  the  proof  of  the  necessity  for  the  large 
tunnel,  and  so  I  reported  adversely  as  to  the  enlargement  of  it 
unless  they  would  say  frankly  they  wanted  it  for  street  cars,  in 
which  case  it  would  have  been  a  matter  of  negotiation  with  the 
city  for  street  car  service,  and  it  might  have  been  a  good  thing. 
But  after  o])posing  me  for  four  or  five  months,  after  my  report 
came  out  they  came  to  the  conclusion  they  did  not  want  to  enlarge 
that  tunnel,  and  came  around  and  said  if  I  would  say  to  the  Council 
that  a  small  tunnel,  such  as  they  then  had  six  or  seven  miles  built, 
would  not  interfere  with  the  subway  I  thought  the  city  ought  to 
have  for  street  car  purposes,  they  thought  they  could  get  their  ordi- 
nance, and  would  T  please  look  into  it  and  see  if  I  could  conscien- 
tiously say  so  to  the  City  Council.  1  made  a  few  extra  calculations 
and  found  that  while  it  did  cut  into  the  double-decked  system  as  I 
had  ])lanncd  it  then,  the  difficulty  could  be  overcome.  1  do  not 
mean  double-decked  cxcc])t  where  the  subways  crossed  at  dift'ercnt 
levels.  I  found  by  raising  the  lower  subway  six  or  eight  inches 
I  could,  by  special  designing,  allow  the  Illinois  Tunnel  Company  as 
then  planned  with  its  small  bore  to  stay  at  its  then  level.  I  so  re- 
ported, and  the  Council  passed  the  ordinance  after  adopting  the 
further  suggestion  which  T  made  and  which  was  written  into  the 
ordinance,  to  the  efi'cct  that  if  at  any  time  in  the  future  the  city 
desired  to  construct  sul)ways,  the  Illinois  Tunnel  Company  would 
move  its  structiu-e  out  of  the  way  of  the  subways,  free  of  cost  to 
the  city  of  Chicago  at  such  points  as  it  might  interfere  with  the  city's 
subways. 

Thus  we  arc  in  a  ])osition  to  construct  subways  and  lo  require 
that  com])aiiy  to  remove  its  subway  where  it  is  necessary;  but  sev- 
eral million  dollars  have  been  put  into  it.  and  I  believe  it  is  no  man's 
duly,  and  neither  should  he  attempt,  to  destroy  property  if  that 
proi>erly  can  be  made  to  serve  a  useful  purpose.  Consccjuently,  I 
do  not  believe  any  man  shonhl  design  a  system  of  subways  in  the 
city  of  Chicago  with  the  deliberate  intent  of  wrecking  that  prop- 
erty; and  in  all  my  designing  I  have  plainied  to  interfere  with  the 

\..l.  XIX..  No.  4 


Arnold — City  Transportation.  327 

property  of  the  Illinois  Tunnel  Company  as  little  as  practicable. 
There  are  certain  places  where  it  will  have  to  be  slightly  interfered 
with,  but,  as  I  will  show  you  later,  we  have  planned  to  leave  their 
levels  practically  as  they  are,  only  slicing  off  roofs  at  certain  sec- 
tions and  then  introducing  special  steel  construction  in  order  to 
get  the  low  level  subways  sufficiently  low  to  allow  the  high  level  sub- 
ways to  pass  over  them  and  beneath  the  surface  of  the  streets. 

Remember,  we  have  but  ZZ  feet  from  the  top  of  the  Illinois 
Tunnel  to  the  surface  of  most  of  the  streets,  into  which  we  must 
get  the  crossing's  of  two  subways  if  v/e  want  to  avoid  grade  cross- 
ings, and  I  think  we  should  adhere  to  the  principle  of  the  absolute 
elimination  of  grade  crossings  under  ground  in  all  the  new  subways. 
In  1911  the  city  of  Chicago  again  asked  me  to  analyze  the 
subway  problem,  and  as  chief  subway  engineer  for  the  city  I  pre- 
pared a  report  and  delivered  it  to  the  administration  then  in  power. 
I  want  to  read  a  page  or  two  from  that  report  to  show  you  the 
conclusions  I  came  to  then,  and  it  also  sets  forth  the  principles  that 
I  still  think  should  govern  the  subway  system  for  the  city. 

"The  problem  of  preparing  working  plans  at  the  present 
time  for  a  subway"  (that  is,  1911)  "for  the  city  of  Chicago  is 
especially  difficult,  not  only  because  of  the  physical  difficulties 
introduced  by  the  existence  of  the  present  Illinois  Tunnel,  con- 
sisting of  about  60  miles  of  freight  tunnel" — 

(Remember,  it  had  grown  from  six  miles  in  1902  to  about 
sixty  miles  in  1911  and  since,  so  that  we  now  practically  have  a 
small  tunnel  under  almost  every  street  in  our  downtown  .district 
and  extending  considerably  out  into  the  outlying  districts.) 

"which,  in  general,  is  but  33  feet  below  the  surface  of  the 
streets,  thereby  almost  prohibiting  the  building  of  a  compre- 
hensive subway  system  between  this  tunnel  and  the  surface  of 
the  streets  without  introducing  the  dangers  incident  to  the 
use  of  grade  crossings,  but  also  from  the  further  fact  that 
the  policy  of  the  city  is  not  yet  settled  as  to  the  method  of 
financing  subways.  Some  of  the  citizens  of  Chicago  advocate 
the  construction  of  mimicipally-owned  subways,  independent  of 
the  present  traction  companies,  while  others  seem  to  be  in 
favor  of  granting  ordinances  for  the  construction  of  privately- 
owned  subways,  also  independent  of  the  present  traction  com- 
panies. A  further  complication  is  introduced  by  the  traction 
settlement  ordinances  of  February  11,  1907,  under  which  the 
surface  lines  are  operating,  having  a  provision  whereby  the  sur- 
face line  companies  are  required,  upon  the  demand  of  the  city, 
to  furnish  money  toward  the  construction  of  subways,  pro- 
vided, however,  that  these  companies  have  the  full  use  of  the 
subways  so  constructed,  up  to  the  capacity  that  they  require, 
and  the  advocates  of  the  municipally-owned  subways  oppose 
the  acceptance  from  the  surface  line  companies  of  any  money 
for  the  construction  of  subways. 
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"W  illi  the  above  facts  in  mind,  in  order  to  produce  plans 
which  will  meet  all  reasonable  and  fundamental  objections  likely 
to  arise  during  the  discussion  and  final  determination  of  the 
city's  subway  policy,  as  well  as  the  engineering  and  operating 
conditions  which  will  be  imposed  upon  a  subway  system  when 
built,  it  has  seemed  necessary  to  jjrepare  plans  for  two  dis- 
tinct systems,  but  to  recommend  the  one  which  seems  the  better 
on  the  theory  that  the  i)olicy  of  the  city  should  be  made  to 
fit  the  better  ])]an.  although  leaving  the  city  free  to  adopt  the 
other  plan  if  this  theory  |)roves  incorrect  and  the  plan  recom- 
mended cannot  be  put  into  practice." 
That  is  exactly  the  i)roblem  wc  have  before  us  now;  that  is,  which 
one  of  the  i)lans  are  we  to  put  into  practice? 

Bear  in  mind  that  I  have  them  so  interlaced  that  you  can  put 
either  one  or  parts  o{  either  one  into  practice  as  you  choose,  and 
so  that  these  parts  can  finally  become  parts  of  a  comprehensive 
system. 

"Plan  No.  1  is  for  a  high-speed,  comprehensive  system, 
designed  to  ultimately  cover  the  entire  city,  in  which  could  be 
operated  high-speed  and  local  trains,  independent  of  any  of 
the  present  traction  companies." 
Remember,  that  was  my  recommendation  in  1911  a?  Plan  No.  1. 
"This  system  could  be  built  by  the  city  or  by  private  capital, 
without  the  use  of  any  money  from  the  present  surface  line 
companies,  or  by  utilizing  this  money  if  the  city  decided  to 
do  so.  Upon  the  tracks  of  this  subway  could  at  first  be  run 
the  ])rc=ent  surface  line  cars,  later  the  trains  of  the  present 
elevated  roads,  and  finally,  when  extended,  the  trains  of  a  high- 
speed, comprehensive  subway  system  covering  the  entire  city, 
thus  making  it  possible  to  promptly  relieve  the  present  surface 
line  congestion  at  moderate  cost  by  constructing  only  a  por- 
tion of  the  system  at  first,  and  later  to  eliminate  the  entire 
present  elevated  loop  structure,  if  conditions  should  come  about 
so  that  this  could  be  accomplished,  and  at  the  same  time  have 
the  nucleus  of  a  high-speed  subway  system,  which  could  be 
extended  from  time  to  time,  as  the  conditions  warranted,  until 
it  covered  the  entire  city,  approximately  as  shown  on  Map  \'1I. 
This  plan,  for  convenience  to  the  general  public  and  from  an 
investment  and  operating  viewpoint,  would  be  the  most  eco- 
nominal  plan  to  adopt,  and  is  shown  in  its  progressive  steps, 
or  stages  of  construction,  on  Maps  (of  1911  report)  I,  II,  III, 
IV,  V,  YI,  VU,  and  X'lll.  which  will  be  described  more  in 
detail  hereafter." 

Plate  I  shows  Map  I  of  my  1911  report.  The  i>lan  I  then 
recommended  was  a  subway  on  Clark  Street,  from  22nd  Street, 
running  straight  north  to  Afadison  Street.  Then  I  ran  it  west- 
ward on  Madison  to  LaSalL*  Street,  thence  north  on  LaSalle  Street, 
under  the  river,  through  the  LaSalle  Street  tunnel.     This  is  prac- 
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tically  the  first  step  that  the  Board  of  Supervising  Engineers  recom- 
mended recently,  except  that  we  extended  the  Hne  straight  north 
on  Clark  Street.  The  dotted  lines  in  that  central  loop  show  the 
then  recommended  portion  of  the  West  Side  loop ;  the  West  Side 
cars  then  could  be  taken  in  through  the  Washington  Street  tunnel, 
thence  east  to  Michigan  Avenue,  and  back  in  Jackson  Boulevard 
to  a  connection  with  the  Van  Buren  Street  tunnel.  Thus  the  north- 
bound cars  were  intended  originally  to  run  on  Clark  Street  to  Madi- 
son, then  jog  westward  to  the  LaSalle  Street  tunnel  and  out  to  the 
surface  at  the  portal  just  north  of  the  river.  Recently  the  Board 
thought  best  to  keep  the  Clark  Street  line  absolutely  straight,  and 
having  more  money  available  we  concluded  not  to  make  the  jog 
so  as  to  use  the  Washington  Street  tunnel,  but  to  run  straight 
through  in  Clark  Street  and  build  a  new  tunnel,  running  the 
subway  as  far  north,  according  to  our  original  recommendation, 
as  North  Avenue.  The  Council  Committee,  in  order  to  save  money, 
have  shortened  that  tentatively.  They  have  not,  in  my  judgment, 
absolutely  decided  to  shorten  it,  because  it  is  possible  we  may  be 
able  to  show  them  that  it  is  advisable  not  to  shorten  it ;  but  at  the 
present  time  the  plan  they  have  adopted  is  with  this  north  portal 
withdrawn  southward  to  what  is  known  as  Elm  Street,  where  the 
traction  company  has  property  in  which  a  portal  could  be  con- 
structed. That  is  one  of  the  main  reasons  they  went  back  to  that 
point.  The  south  jwint  is  just  south  of  18th  Street,  instead  of 
22nd  Street,  because  we  can  get  the  cars  away  from  the  subway  a 
little  better  at  the  former  point. 

Plate  II  represents  what  we  called  the  initial  step  of  a  system, 
designed  to  relieve  congestion  on  the  surface  car  lines  at  the  pres- 
ent time.  A  portion  of  it,  namely,  that  portion  in  Clark  street, 
is  so  constructed  that  it  can  become  ultimately  a  part  of  a  compre- 
hensive high-speed  subway  system.  The  loop  from  the  West  Side, 
however,  is  fundamentally  a  surface  line  congestion  relief  system — 
I  will  put  it  that  way — designed  fundamentally  for  the  surface  line 
cars. 

In  order  to  relieve  congestion  at  other  portions  of  the  city, 
where  we  think  some  money  spent  at  the  present  time  will  be  bene- 
ficial to  the  citizens  in  general,  and  especially  to  the  citizens  of  the 
West  Side,  we  have  suggested  that  five  short  subways  be  built, 
one  on  south  Robey  Street,  from  39th  Street  to  46th  Street  (shown 
on  Plate  III),  on  account  of  the  Ashland  Avenue  railroad  switch- 
yards. If  this  subway  were  constructed,  and  also  two  others  on 
Robey  Street  (Plate  IV),  there  could  then  be  opened  up  a  straight 
north  and  south  street  car  line  on  Robey  Street,  which  would  be 
of  great  advantage.  Plate  III  also  shows  another  short  subway 
which  we  have  advocated  on  California  Avenue,  extending  from 
Grand  Avenue  to  Fulton  Street,  which  will  serve  the  same  purpose 
for  California  Avenue  that  the  Robey  Street  tunnels  are  meant  to 
serve — that  is,  of  opening  up  the  street  under  the  railroad  yards, 
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where  the  street  is  not  now  oi>cned,  thus  making  it  possible  to  have 
another  north  and  south  through-route  street. 

Plate  IV  not  only  shows  two  of  the  three  short  subways  on 
Robey  Street  referred  to,  but  also  another  short  subway  on  Ashland 
Avenue,  thus  opening  up  Ashland  Avenue  the  same  way  that  the 
other  streets  were  opened. 

As  previously  stated.  Plate  I  shows  the  plan  recommended  in 
my  1911  report  as  Step  No.  1.  I  will  not  describe  it  further  than 
to  say  that  at  the  present  time  the  Boarfl  has  recommended  that 
the  line  come  straight  erist  on  Washington  Street  to  Michigan  Ave- 
nue, thence  south  on  Michigan  Avenue  and  west  on  Jackson  Boule- 
vard to  the  Van  Buren  .Street  tunnel,  as  shown  on  Plate  II.  You 
will  see  that  the  Clark  .Street  line  is  straight  and  that  the  jog  to 
Madison  Street  has  been  eliminated.  It  is  not  necessary  to  discuss 
that  further. 

Plate  V  shows  the  relative  locations  of  the  subways  shown  on 
Plates  IT,  III,  and  IV,  and  in  addition  certain  extensions  are  shown 
dotted,  that  have  been  considered  by  the  Council  Committee. 

Plate  VI  shows  what  I  called  Step  No.  2  in  my  1911  report, 
and  consisted  of  a  double-tracked  subway  on  State  Street,  begin- 
ning about  12th  Street,  one  line  for  the  surface  line  cars,  running 
straight  north  on  .State  Street  to  Chicago  Avenue,  and  out  through 
a  portal  at  that  point.  Thus,  the  surface  line  cars  could  converge 
at  this  portal,  run  south  in  State  Street,  come  out  at  12th  Street, 
and  then  diverge  on  to  the  various  surface  lines.  In  like  manner, 
the  elevated  cars  from  the  South  Side  would  come  into  this  sub- 
way about  12th  Street,  then  run  north  to  Chicago  Avenue,  and 
thence  west  under  Chicago  Avenue  to  a  connection  with  the  North- 
western elevated  road.  In  that  way  it  was  jxissible  to  through- 
route  the  North  Side  and  South  Side  elevated  cars.  Through- 
routing  over  the  elevated  structure  has  since,  however,  been  put 
into  use  by  the  elevated  lines  themselves ;  consequently  one  of  the 
advantages  of  this  subway  has  been  achieved,  but  the  capacity  would 
be  still  greater  if  we  had  such  a  subway. 

In  order  to  take  care  of  the  West  Side  elevated  cars  and  give 
each  one  of  them  a  route,  as  they  were  independently  owned  at 
that  time  and  had  not  been  consolidated  as  they  have  since,  I 
planned  a  subway  loop,  beginning  about  Sangamon  Street,  thence 
eastwarfl  on  Randolj^h  Street  to  Michigan  Avenue,  south  to  Mndi- 
son  Street,  and  thence  back,  a  double-track  loop,  making  it  possible 
to  run  cars  i)Oth  ways  on  that  loop.  In  like  manner,  a  similar  lo<iji 
was  j)rovidcd  for  the  Metropolitan  system,  coming  east  from  about 
Peoria  Street  on  Harrison  Street  to  Michigan  Avenue,  north  on 
Michigan  Avenue  to  Jackson  Boulevard,  west  on  Jackson  Boule- 
vard to  Peoria  Street,  thence  connecting  with  the  elevated  struc- 
ture. Thus,  we  have  north  and  south  elevated  cars,  running  north 
and  south  through  the  city,  and  east  and  west  elevated  cars  inter- 
secting them,  with  transfer  points  on  State  Street  at  four  different 
stations. 
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Step.  No.  3  (Plate  YII)  was  simply  a  portion  of  what  I  have 
just  described,  leaving  out  the  independent  loop  feature  for  each 
elevated  road  by  omitting  the  subway  under  Madison  Street  and 
Jackson  Boulevard.  It  is  probably  unnecessary  to  describe  that 
further  than  to  say  that  it  came  east  under  Randolph  Street  to 
Michigan  Avenue,  south  under  Michigan  Avenue  to  Harrison  Street, 
and  west  under  Harrison  Street  to  the  elevated  structure ;  and  since 
the  lines  have  been  consolidated,  that  is  probably  the  preferable 
scheme  to  adopt  now,  rather  than  the  two-loop  system  which  I 
have  just  described. 

Step  No.  4  (Plate  VHI)  was  to  extend  the  Chicago  Avenue 
subway  through  and  under  the  river  to  a  portal  west  of  the  river, 
at  Green  Street.  Thus,  surface  cars  could  come  in  on  Chicago 
Avenue,  run  east  to  about  State  Street,  thence  south  under  Michi- 
gan Avenue  to  12th  Street,  thence  west  to  a  portal  in  the  vicinity 
of  Newberry  Street.  Of  course,  the  necessity  for  that  is  some  time 
ahead. 

In  Plate  IX  we  have  a  combination  of  the  various  steps.  First, 
the  original  step  under  Clark  and  LaSalle  Streets,  also  the  surface 
lin^  loop;  then  Step  No.  2  of  the  elevated,  and  the  north  and  south 
State  Street  subway. 

In  Plate  X  all  the  schemes  are  shown  together.  In  this  you 
will  notice  the  same  U,  giving  the  same  surface  congestion  relief 
loop  that  the  Board  has  recently  recommended,  namely,  coming 
straight  east  under  Washington  Street  to  Michigan  Avenue,  south 
under  Michigan  Avenue  to  Van  Buren  Street,  thence  back  under 
Van  Buren  Street,  except  that  instead  of  coming  west  under  Van 
Buren  Street  we  recommended  coming  back  to  the  Van  Buren 
Street  tunnel  under  Jackson  Boulevard,  and  then  out.  Please  note 
that  all  of  these  West  Side  lines  come  as  far  east  as  Michigan  Ave- 
nue, and  with  a  station  which  I  will  describe  to  you  later,  a  universal 
transfer  point  was  arranged  on  Michigan  Avenue,  so  that  it  would 
be  possible  for  passengers  to  get  from  any  part  of  the  city  to  any 
other  part  of  the  city  by  coming  to  this  point  and  transferring, 
although  many  would  be  able  to  go  in  some  shorter  way. 

The  system  which  I  have  just  described  could  be  extended  into 
a  comprehensive  system,  as  shown  in  Plate  XI,  which  is  Map  VII 
of  my  1911  report.  You  will  notice  that  I  have  a  four-track  sub- 
way in  Halsted  Street,  running  straight  north  and  south  as  far  as 
the  street  extends.  Then  I  had  State  vStreet  occupied  by  a  four- 
track  subway,  as  shown.  Then  the  Michigan  Avenue  clearing  sta- 
tion. In  a  general  way,  that  system  would  still  hold,  I  think,  if  it 
were  necessary  to  expand  it  to  that  extent.  Please  note  that  the 
Clark  Street  subway  which  we  are  now  recommending,  if  extended 
north  would  continue  extended  in  Lincoln  Avenue  to  the  city  limits 
if  desired.  If  extended  southward,  it  would  continue  cut  Archer 
Avenue.  Thus,  we  would  eventually  have  a  high-siiecd  U-shape 
subway  running  through  the  heart  of  the  city  under  Clark  Street 
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PLATK  12.  STRK1:T  CAR  I'l.OW  DIACiRAM. 
This  diagram,  taken  from  tlic  annual  rciiort  of  the  lioard  of  SupcrvisiiiR 
luiKinicTs,  Cliicagu  Traction,  sliows  tlic  street  car  movement  over  various  streets 
ill  tlie  conRested  district  during  tlie  rusli  hour.  Note  tlie  forced  concentration  of 
trallic  on  tlie  available  thorouRhfares,  particularly  toward  the  south  and  west, 
which  is  rai)idly  ai)i)roacliinR  a  point  where  additional  outlets  from  the  business 
district  will  be  absolutely  necessary.  l'"orlunately  the  passage  of  the  recent 
unilication  ordinance  by  the  Chicago  City  Cumieil  will  facilitate  the  through 
routing  of  cars  and  greatly  help  the  situation. 


Arnold — City  Transportation.  333 

and  extending  out  under  Lincoln  and  Archer  Avenues.  In  the 
same  way  a  subway  could  eventually  come  up  Cottage  Grove  Ave- 
nue to  Michigan  Avenue  and  thence  northward,  connecting  with 
the  Evanston  Division  of  the  Chicago  &  Milwaukee  Electric  Rail- 
way. In  like  manner  it  would  also  connect  with  the  Northwestern 
Elevated  Railroad.  These  little  pieces  which  I  have  described  hitch 
up  to  a  through-route  scheme  in  the  same  way  in  this  general  plan. 

Plate  XII  is  a  map  showing  the  street  car  traffic  as  it  now 
flows  on  our  surface  line  system  with  independent  operation.  The 
heavy  lines  show  the  cars  which  loop  in  the  downtown  district  and 
go  back.  The  lighter  lines  show  the  through-route  traffic;  that  is, 
the  number  of  cars  that  are  through-routed.  They  are  compara- 
tively small ;  that  is,  the  line  is  comparatively  thin,  while  the  heavy 
lines  come  in  from  Milwaukee  Avenue  and  loop  from  this  point 
back.  Similarly,  the  line  under  Madison  Street.  I  am  showing 
you  this  diagram  to  bring  to  your  attention  the  great  number  of 
turns  we  have  in  the  business  district,  almost  all  of  which,  in  fact, 
are  unnecessary.  A  properly  constructed  subway  system  on  the 
through-routing  principle  would  largely  eliminate  these  unnecessary 
turns,  and  they  will  be  largely  eliminated  as  soon  as  the  new  unifi- 
cation ordinances  of  the  surface  line  companies  go  into  efifect.  Grad- 
ually as  schedules  can  be  worked  out,  the  surface  lines  of  the  city 
will  be  operated  on  the  through-route  principle.  Then  this  con- 
gestion shown  on  the  map  will  largely  disappear  without  any  sub- 
ways at  all,  although  we  shall  still  be  hampered  for  tracks  on  which 
to  operate  the  cars.  Consequently,  there  are  certain  places  where 
subways  are  desirable  in  order  to  get  the  capacity  of  these  additional 
tracks. 

Plate  XI TI  is  the  subway  system  designed  as  I  would  like,  as 
an  individual,  to  see  it  worked  out  now.  I  am  not  speaking  now 
as  Chairman  of  the  Board  of  Supervising  Engineers,  Ix-cause  as  a 
Board  we  try  to  have  harmony,  and  when  we  make  a  recommenda- 
tion we  aim  to  have  it  represent  the  views  of  all  of  us,  or  of  a  ma- 
jority at  any  rate.  I  am  hoping  the  Citv  Council  will  consider  this 
plan  seriously,  when  suggestions  regarding  it  are  made  before  the 
Committee  at  the  right  time,  and  also  that  they  will  find  money 
enough  to  build  it.* 

At  the  present  time,  and  in  all  its  recent  recommendations,  the 
F)0ard  has  been  han(1icap])-~d  bv  the  fact  that  it  is  confined  to  the 
limitations  of  the  1907  ordinances.  Those  ordinances  define  very 
clearly  the  duties  of  the  members  of  the  Board,  the  scope  of  its  du- 
ties, and  also  have  very  definite  provisions  for  the  construction  of 
subways,  which  subways  are  to  be  used  by  the  surface  line  companies 
if  they  are  to  be  constructed  under  those  ordinances.  Consequently, 
all  the  recommendations  that  the  Board  has  made  upon  the  question 
of  subways  have  been  restricted  to  tlie  limits  of  the  authority  given 

*Since  this  discussion  toolc  place  the  Council  Committee  adopted  Mr. 
Arnold's  suggestion  for  the  "Initial  Subway  Plan,"  as  shown  on  Plate  XIII. 
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to  the  Board  under  these  ordinances,  and  therefore  in  its  recom- 
mendations it  recommended  the  Clark  Street  subway  as  a  unit  be- 
cause it  is  a  subway  which  not  only  will  relieve  present  surface 
car  line  congestion,  but  will  also  be  able  to  become  finally  a  part 
of  a  comprehensive  high-speed  system.  So  we  know  we  are  on 
solid  ground  regarding  that  particular  street,  but  I  am  not  neces- 
sarily wedded  to  this  street  if  our  restrictions  are  removed  and  suffi- 
cient money  can  be  found  to  construct  subways  on,  Halsted  and 
State  streets  simultaneously.  When  it  comes  to  the  loop  from  the 
West  Side  (the  U  loop  as  it  is  called  from  the  Washington 
Street  portal  over  to  Michigan  Avenue,  back  under  Jackson  Boule- 
vard to  Van  Buren  Street  tunnel,  and  thence  out  of  the  por- 
tal), that  recommendation  which  the  Board  made  must  be  con- 
sidered to  be  strictly  a  subway,  built  for  the  express  and  only 
purpose  of  relieving  surface  street  car  line  congestion.  1  would 
like  to  have  you  clearly  understand  that  we  as  a  Board  are  limited 
under  the  ordinance  to  the  construction  of  subways  which  will 
relieve  the  surface  car  lines,  and  our  authority  does  not  extend 
beyond  the  surface  companies.  Consequently,  we  recommended 
that  U-shape  plan  for  the  relief  of  surface  car  lines  from  the  west 
part  of  the  city.  Had  we  been  unlimited  in  our  authority,  and 
had  we  had  ample  money  to  construct  it  with,  possibly  we  might 
have  recommended  something  like  the  subway  shown  on  Plate  XIII ; 
but  being  limited  as  we  were  to  the  relief  of  surface  congestion  and 
to  the  amount  of  money  available  in  the  traction  fund,  or  approxi- 
mately so,  we  recommended  what  we  did,  namely,  under  Clark 
Street  and  the  U  loop  from  Washington  Street  tunnel,  back  to  the 
Van  Buren  Street  Tunnel.  Since  then  the  sub-committee  of  the 
Transportation  Committee  has  seen  fit  not  to  adopt  this  small  loop 
which  the  Board  suggested,  which  is  shown  in  Plate  II.  That  has 
been  temporarily  abandoned  by  the  Council  Committee,  and  in- 
stead of  it  a  subway  is  proposed  under  Madison  Street,  running 
straight  west  from  Alichigan  Avenue  to  a  point  east  of  Ashland 
Avenue,  possibly  as  far  west  as  Western  Avenue,  depending  upon 
whether  the  Board  sees  money  enough  in  sight  to  corTStruct  it  to 
that  point  or  not.  Consequently,  the  system  of  subways  now  tenta- 
tively adopted  by  the  Committee  is  a  straight  line  north  and  south 
under  Clark  Street,  from  19th  Street  up  to  about  Elm  Street,  and  a 
straight  line  subway  under  Madison  Street  from  Michigan  Avenue 
straight  west  possibly  as  far  as  Western  Avenue.  That  absorbs 
all  the  money  we  now  have  in  the  traction  fund,  namely,  the  $14,- 
000,000  available  at  present  or  in  the  near  future,  the  additional 
$10,000,000  or  $11,000,000  that  will  accumulate  within  the  next  five 
years,  and  $5,000,000  that  the  city  is  authorized  to  call  upon  the 
traction  companies  to  pay.  A  total  of  $29,000,000,  or,  say,  $30,000,- 
000,  is  all  the  money  that  the  Board  up  to  the  present  time  has 
available  to  spend,  or  rather  to  design  subways  upon  which  this 
money  is  to  be  spent. 
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As  I  said  before  if  we  were  not  limited  as  to  the  amount  of 
money,  if  we  had  about  $50,000,000,  we  could  lay  down  a  subway 
system  for  this  city  which,  1  think,  would  come  fairly  close  to 
satisfying  the  present  demands  for  subway  transportation  in  the 
city.  I  do  not  want  to  say  definitely  tonight  that  I  am  of  this 
opinion  (because  I  am  not  certain  as  yet),  but  I  am  inclined  to 
believe  that  $50,000,000  is  about  the  limit  that  we  can  support  upon 
a  very  low  interest  rate  by  the  surface  system  at  the  present  time, 
and  1  am  not  certain  that  we  can  support  over  $30,000,000.  It 
depends  entirely  upon  what  rate  of  interest  the  city  of  Chicago 
requires  the  traction  conii:)anies  to  pay  it  in  the  form  of  rental  upon 
the  money  invested  in  the  subway.  In  other  words,  if  the  city 
demands  that  the  traction  companies  pay  5%  upon  such  money  as 
the  city  puts  into  the  subways,  then  of  course  we  must  spend  less 
money.  If,  on  the  other  hand,  the  city  says,  we  will  allow  you 
to  build  more  subways  and  only  charge  you  2%  rental  or  3%  rental, 
then  we  can  build  more  subways.  The  vital  question  before  the 
city  today,  before  the  sub-committee  of  the  Transportation  Com- 
mittee, and  finally  the  Transportation  Committee  and  the  City  Coun- 
cil, is  as  to  what  that  rental  will  be,  because  upon  the  amount  of 
rental  dejiends  the  extent  of  subways  you  will  get  under  the  pro- 
posed "Initial  Subway  Plan." 

Now,  if  we  had  $50,000,000  and  were  free  to  design,  we  could 
take  this  recommendation  we  have  already  made  of  a  line  on  Clark 
Street,  running  straight  north  to  a  point  near  Menomonee  Street. 
On  such  a  plan  we  could  converge  many  of  the  Archer  Avenue 
cars,  many  of  the  Wentworth  Avenue  cars,  many  of  the  State  Street 
cars,  and  many  of  the  Cottage  Grove  Avenue  cars  into  that  subway 
at  its  southern  portal,  and  run  them  rapidly  to  this  point  near  Me- 
nomonee Street.  Then  they  would  diverge  through  these  two  trunk 
lines  to  the  north,  under  Lincoln  Avenue  and  North  Clark  Street, 
as  most  of  the  traffic  for  the  North  Side  goes  over  these  two  lines. 
I'Yom  the  one  portal  at  19th  Street  and  the  other  at  Lincoln  Ave- 
nue we  would  be  able  to  handle  the  main  trunk  surface  line  cars, 
run  them  through  the  business  district  rapidly,  and  get  them  away 
rapidly  at  the  southern  portal  and  also  at  the  northern  portal.  But 
if  we  are  required  to  shove  that  portal  back  where  we  have  no  di- 
verging streets,  we  will  be  somewhat  handicapped  in  ue>upling  and 
uncoupling  cars  and  getting  them  into  tiie  subway.  Therefore,  that 
is  why  1  liave  stated  that  while  the  i)ortal  is  tentatively  adopted 
as  Kim  Street,  there  is  no  certainty  it  will  remain  there. 

( )n  the  West  Side  lines,  if  we  could  discard  the  small  U  loop  and 
design  our  Madison  Street  line  straight  west. — which,  by  the  way, 
is  the  proper  location  of  one  of  the  straight  east  and  west  lines 
if  it  is  to  become  a  part  of  an  eventual  comprehensive,  high-speed 
subway  .system,  because  it  is  an  absolutely  straight  street,  a  wide 
street,  and  a  business  street,  or.  if  we  should  abandon  the  idea  of 
spending  our  money  on  Madison  Street  and  come  back  to  the  loop 
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or  U  idea  (Plate  VII)  for  the  West  Side  at  present,  we  could  then 
have  a  subway  connected  with  the  Lake  Street  elevated  at  San- 
gamon Street,  then  east  under  Randolph  to  Michigan,  south  under 
Michigan  to  Harrison,  west  under  Harrison  to  Peoria  Street,  and 
connecting  with  the  Metropolitan  elevated.  Inasmuch  as  the  ele- 
vated roads  are  now  operated  under  the  same  management,  they 
could,  of  course,  through-route  in  the  same  way  that  they  do  now. 
Connected  with  the  same  subway  and  for  surface  car  operation 
temporarily,  we  could  begin  in  Milwaukee  Avenue  at  about  Chi- 
cago Avenue  (Plate  XIII),  thence  south  and  east  under  Milwaukee 
Avenue  and  Randolph  Street  to  Michigan  Avenue,  south  under 
Michigan  Avenue,  and  back  under  Harrison  Street  to  a  portal  near 
Halsted  Street,  into  which  would  go  the  surface  line  cars  on  the 
Ogden  Avenue  line,  12th  Street,  Blue  Island  Avenue,  etc.  All  of 
these  lines  could  then  converge  into  this  subway,  run  on  a  pair  of 
tracks  around  through  the  business  district  and  back  to  and  out 
Milwaukee  Avenue,  where  they  would  diverge  into  Milwaukee, 
Elston  and  North  Avenues,  etc.  In  that  way  the  surface  lines  here 
converge  and  run  through  the  subway,  then  diverge  fan-shaped,  in 
different  directions,  and  thus  serve  the  city  probably  in  the  best 
manner  for  some  years  to  come  that  any  subway  or  surface  line  or 
elevated  system  could  serve  it,  located  as  these  lines  are,  and  with 
the  least  amount  of  investment. 

The  next  step,  of  course,  would  be  to  build  a  subway  under 
State  Street  or  under  Halsted  Street,  depending  upon  what  the 
city  officials  decided  at  that  time,  and  into  that  would  run,  if  it 
were  under  State  Street,  some  of  the  elevated  cars  from  the  north 
and  south  in  the  same  manner  I  have  already  shown.  At  the  pres- 
ent time  this  would  be  all  the  subway  that  we  could  probably  use 
to  advantage,  and  all  that  the  city  could  support  for  some  years  to 
come,  and  would,  in  my  judgment,  make  a  very  efficient  system. 
Now,  if  we  can  find  the  difference  between  $30,000,0(X)  and  $50,- 
000,000  and  get  the  rental  right  we  may  get  such  a  subway  as  I 
have  here  suggested,  unless  the  ideas  of  our  friends  holding  dift'erent 
views  predominate  over  these,  which  is  not  at  all  improbable. 

To  show  how  these  portals  can  be  arranged  in  the  street,  I 
have  resurrected  a  view,  Plate  XIV,  from  my  San  Francisco 
report.  You  will  notice  in  this  view  a  portal  of  wdiat  is  known 
as  the  Filmore  Street  tunnel.  We  designed  four  tunnels  for 
that  city,  two  of  which  are  under  construction  now.  (By  the  way, 
when  they  want  a  subway  in  that  city,  they  assess  the  property 
owners  who  will  be  benefited  and  build  the  subway.  They  do  not 
argue  over  it  for  ten  years  to  see  where  the  money  is  coming  from.) 
In  order  to  bring  this  subway  out  in  a  fairly  narrow  street,  we 
widen  the  street  by  arcading  the  buildings  each  side  of  the  portal. 
This  tunnel  is  built  for  team  travel  in  addition  to  street  cars.  Had  it 
been  as  narrow  as  a  street  car  tunnel  here  would  be,  it  would  not  have 
been  necessary  to  widen  the  street  so  much.     This  view  is  simply 
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—PERSPECTIVE  OF  ARCADE  STORE  FRONTS  AND  TUNNEL  PORTAL 
A  roadway  of  only  38' 9"  at  so  important  a.  tunnel  entrance  as  Fillmore 
btreet  IS  clearly  niadcqiiatc  for  both  car  and  heavy  vehicle  traffic  that  must 
use  this  tunnel.  1  his  drawing  shows  an  effective  method  of  street  widen- 
ing at  tunnel  entrances  with  minimum  alteration  in  abutting  buildings  and 
without  recession  of  the  building  frontage.  The  arcading  principle  is  widely 
used  abroad  to  overcome  just  such  a  dciect  in  street  plan  as  exists  here. 

Plate  XIV. 
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to  show  how  we  can  handle  those  portals,  and  as  the  subwav  ex- 
tends, the  portals  can  be  closed  if  necessary. 

I  referred  awhile  ago  to  the  special  designiiig  (Plate  XV) 
necessary  to  get  a  double-decked  system,  meaning  by  that  simply 
where  two  subway  lines  cross  each  other  at  riglit  angles,  or  ap- 
proximately so,  to  get  such  a  double-decked  system  in  between 
the  structure  of  the  Chicago  Tunnel  Company  and  the  sur- 
face of  the  street,  the  distance  from  the  surface  of  the  street 
to  the  top  of  this  structure  being  but  ZZ  feet.  In  some  instances 
it  is  ZZ  feet,  6  inches.  I  believe  there  are  some  cases  where  it  is 
practically  34  feet,  but  the  limits  are  33  feet  in  most  cases.  To 
get  two  decks  of  subway  in  there  and  leave  sufficient  space  for 
the  surface  car  track,  to  get  in  a  possible  underground  conduit  sys- 
tem in  the  future,  and  also  to  get  in  cars  which  are  large  enough 
to  operate  on  our  elevated  roads,  has  been  a  serious  problem.  It 
has  been  pretty  close  work,  but  the  subways  have  been  so  designed 
that  either  one  of  these  decks  will  take  the  elevated  cars,  my  theory 
being,  in  which  theory  the  Board,  I  think,  concurs,  that  any  sub- 
way designed  in  this  city  which  is  at  all  likely  to  become  part  of  a 
comprehensive  system — and  that  means  practically  every  piece  of 
subway  that  is  designed — should  be  designed  large  enough  to  take 
large  elevated  cars,  because  these  elevated  cars  are  probably  as 
large  as  we  will  ever  operate  over  our  elevated  structures  (I  mean 
so  far  as  height  and  width  are  concerned),  or  cars  on  suburban 
lines  which  may  come  in  and  use  some  of  these  subways  eventually. 
Consequently,  I  think  every  subway  'should  be  large  enough  to 
take  our  present  elevated  cars,  and  if  it  is  large  enough  to  take 
the  elevated  cars,  it  will  take  our  present  surface  cars  which  are 
shown  in  outline  here.  Note  that  we  have  had  to  do  some  very 
close  designing  of  the  top  structure  of  the  high  level  subway  and 
make  our  decks  very  thin,  even  carrying  the  rails  through  on  shal- 
low I  beams  in  some  instances,  and  putting  footings  down  out- 
side the  structure  of  the  Chicago  Tunnel  Company's  structure  to 
bear  the  weight  of  the  new  structure.  While  that  entails  some 
extra  expense,  it  is  not  enough  to  make  it  prohibitive  and,  in  my 
judgment  the  tunnel  company  can  be  called  upon  to  stand,  if  not 
all  the  expense,  at  least  a  part  of  it — whatever  is  just,  which  can 
be  worked  out ;  and  I  think  it  is  better  for  the  tunnel  company  to 
stand  part  of  that  expense  and  not  have  its  grades  interfered  with 
than  to  be  compelled  to  lower  its  grades,  because  I  think  in  this 
way  a  given  amount  of  money  can  Tdc  used  with  even  more  justice 
than  if  the  present  subways  are  condemned  and  the  company  com- 
pelled to  lower  them  as  required  in  the  tunnel  company's  ordinance. 

Plate  XVI  is  from  the  1911  report,  showing  the  Chicago  Tun- 
nel Company's  structure  in  its  proper  position  and  of  its  proper 
size.  You  will  notice  that  we  have  to  ride  over  the  top  on  the  sub- 
way a  little  bit.  I  have  not  shown  the  special  supports  there,  be- 
cause this  drawing  was  not  made  especially  for  that  purpose,  but 
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it  is  to  show  the  arrangement  of  the  surface  line  cars  and  the  ele- 
vated cars.  It  shows  the  passenger  station  at  Jackson  Boulevard 
and  State  Street,  looking  north  on  State  Street.  That  is  on  the 
assumption  that  the  State  Street  suhway  shall  he  constructed.  You 
will  notice  we  have  puhlic  utilities  galleries  for  taking  care  of  all 
the  utilities,  thus  enabling  us  to  leave  the  street,  when  once  con- 
structed, undisturbed,  instead  of  allowing  the  streets  to  be  fre- 
(|uently  torn  up,  as  they  now  are 

In  my  judgment,  the  utilities  galleries  questions  should  be  met 
now,  met  fairly,  and  provided  for  in  all  streets  where  subways  are 
constructed. 

Plate  XVII  shows  another  section  at  Jackson  Boulevard  and 
State  Street.  In  this  plan  the  stairways  and  escalators  are  located 
close  to  the  buildings. 

Plate  XVIII  is  made  from  Plate  3  of  my  1902  report,  and  is 
to  show  how  I  proposed  at  that  time  to  take  care  of  the  utilities, 
and  to  meet  the  criticism  that  is  sometimes  brought  against  the 
method  of  putting  utilities  in  galleries.  Some  men  will  argue — 
and  sincerely,  although  they  are  incorrectly  informed,  in  my  judg- 
ment— that  it  is  unsafe  to  put  gas  pipes  in  utilities  galleries  on 
the  theory  that  gas  may  leak  from  those  gas  pipes  and  get  into 
these  large  chambers,  these  galleries,  and  finally  mix  with  air  in 
the  right  proportion  to  make  an  explosive  mixture.  Then  a 
short  circuit  or  a  match  or  anything  of  that  kind  may  cause  an 
explosion,  blowing  up  the  whole  street  and  the  whole  gallery. 
That,  of  course,  is  possible;  and  in  order  to  meet  that  criticism  I 
planned  the  utilities  galleries  in  1902  to  be  under  the  sidewalks, 
with  the  high  and  low  pressure  water  mains  put  in  the  lower  part 
of  the  gallery  in  an  open  chamber,  and  the  gas  pipes  in  the  upper 
part  of  the  gallery,  buried  in  sand,  so  that  if  a  gas  pipe  leaked 
the  gas  would  be  diffused  in  the  sand  and  thus  be  no  more  dan- 
gerous than  it  now  is  when  it  leaks  into  the  soil  in  the  streets  and 
is  diffused  through  the  soil.  We  never  get  an  exjjlosion  in  the 
street  itself.  It  is  always  in  the  manhole  or  where  there  is  not 
])roper  ventilation. 

All  this  aru;umcnt  of  danger  from  gas  in  utilities  galleries  is 
fallacious,  in  my  judgment,  because  utilities  galleries,  as  I  under- 
stand, are  constructed  in  Europe  wherein  the  gas  pipes  are  located 
in  the  open  galleries.  They  have  been  operating  for  years  and  I 
understand  they  have  never  had  any  difficidty  with  them.  Conse- 
queiUly,  we  can  put  all  cnbles,  all  water  pipes,  all  sewers,  all  wires 
and  conduits,  .'uid  so  forth,  in  an  open  gallery  if  we  choose  to  do 
so,  thus  making;  it  uiuiecessary  to  have  the  sand  feature. 

Plate  XIX  is  Plate  1.^  of  my  1011  report,  and  shows  a  section 
with  a  single  level  subwav  in  a  narrow  street,  with  two  elevated 
cars  and  two  surface  line  cars;  it  also  shows  how  in  a  narrow 
street  the  uliMlies  could  be  taken  care  of;  the  arrant;;ement  Jif  pipes; 
and  the  ventilating  system   for  drawing  the  air  down  ihrout^h  the 
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hollow  columns  into  the  suhway  and  diffusing  it  up  through  the 
buildings.    That  is  merely  detail  which  may  or  may  not  be  used. 

Plate  XX  is  a  reproduction  of  another  section  of  the  double- 
decked  scheme  in  my  1902  report,  showing  the  surface  line  across 
the  arrangement  of  utilities  galleries,  showing  the  size  of  the  Illi- 
nois Tunnel  subway  as  it  was  proposed  at  that  time  to  build  it, 
and  also  showing  how  deep  the  subway  would  have  to  go  down  in 
case  it  was  constructed  on  those  lines.  My  position  was  that  this 
subway,  instead  of  being  increased  in  size  by  enlarging  upward, 
should  be  enlarged  downward ;  that  is,  if  they  were  allowed  to  con- 
struct a  large  subway,  they  should  begin  at  their  top  point  and 
go  down,  which,  of  course,  was  a  serious  proposition,  and  they 
decided  not  to  do  it ;  later  they  decided  to  leave  their  subways  the 
same  size  as  the  other  drawing  showed,  namely,  about  seven  feet 
high. 

When  you  remember  that  in  this  double-decked  yA^lw  the  top 
of  a  low  level  subway  platform  is  only  about  30  feet  from  the 
level  of  the  street,  you  will  see  how  little  there  is  to  the  argument 
that  these  deep  subways  are  difficult  for  the  people,  because  the 
subways  here  are  such  that  the  lov/est  subways  are  closer  to  the 
ground  than  most  of  the  platforms  of  the  New  York  subways. 
There  they  have  used  six  or  seven  feet  at  the  top  of  the  street  to 
allow  for  utilities. 

Plate  XXI  shows  a  station  such  as  I  suggested  in  my  1911 
report  for  Michigan  Avenue.  INly  theory  was  that  Michigan  Ave- 
nue, which,  bv  the  way,  has  since  been  widened,  was  a  very  wide 
street  for  pedestrians,  especially  in  view  of  the  vast  amount  of 
automobile  traffic  that  was  then  and  now  is  on  the  street.  In  fact, 
it  has  since  greatly  increased.  I  thought  that  if  we  could  provide 
a  gallery  or  a  mezzanine  floor  there,  into  which  people  could  go 
down  on  the  west  side  of  the  Avenue  to  their  subway  trains,  they 
could  also  continue  right  across  on  that  mezzanine  floor  to  Grant 
Park,  or  to  the  Illinois  Central  R.  R.  if  they  chose,  thus  making 
it  unnecessary  to  cross  the  street  surface,  and  safe  for  women 
and  children  and  men  who  want  to  cross  without  taking  a  chance. 
You  will  notice  that  all  these  subways  which  I  showed  you  awhile 
ago  on  the  maps  converge  under  Michigan  Avenue  and  give  a 
general  clearing  station.  There  are  here  shown  four  elevated  line 
cars  and  four  surface  line  cars,  and  by  simply  going  up  onto  this 
mezzanine  floor,  one  could  get  from  any  elevated  train  to  any  other 
elevated  train  or  from  any  elevated  train  to  any  surface  car  he 
chose  to  board.  That.  I  think,  meets  one  of  the  questions  which 
was  raised,  I  think  by  Alderman  Long,  as  to  how  the  plans  we 
were  talking  about  now  made  it  possible  for  passengers  to  travel 
from  one  line  of  cars  to  another,  either  surface  or  elevated.  This 
system  would  make  it  thoroughly  practical  and  a  very  easy  thing 
where  such  stations  were  arranged. 

The  above  illustrations  will  help  you  to  understand  a  little  more 
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clearly  what  I  was  talking  aljout  in  my  general  discussion   which 
1  laid  down  in  my  1911  rei)ort,  which  reads  as  follows: 

"iHmdamentally,  no  suhway  plan  should  be  adopted  in- 
volving any  system  of  loops,  or  other  methods  of  construc- 
tion, which  will  prevent  the  building  of  a  high-speed  subway 
system  ultimately  covering  the  entire  city,  through  which  high- 
spec<l  trains  could  be  run,  for  no  extensive  subway  system  can 
be  justified  from  an  investment  viewpoint  unless  it  is  so  de- 
signed that  ultimately  high-speed  trains,  each  having  a  capacity 
of  not  less  than  10  of  the  present  elevated  cars,  could  operate 
through  it  at  times  of  maximum  traffic,  as  it  is  only  by  this 
method  that  the  cost  of  operation  per  car  mile  of  such  a  sys- 
tem can  be  brought  low  enough  to  justify  the  heavy  invest- 
ment necessary  for  long-distance  subways,  and  take  care  of 
the  high  fixed  charges  necessitated  in  their  construction.  This 
does  not  mean  that,  aside  from  financial  rea^-ons,  it  is  not  ad- 
visal)le  to  construct  at  once  enough  subway  in  the  business 
district  to  relieve  the  present  congestion  of  surface  and  ele- 
vated cars,  but  it  floes  mean  that  the  ultimate  plan  to  be  kept 
in  mind  in  analyzing  the  transportation  problem  of  the  City 
of  Chicago  should  be  one  that  will  lead  toward  securing  a 
transportation  system  that,  no  matter  how  owned,  will  even- 
tually gather  the  passengers  by  means  of  surface  line  cars  and 
deliver  them  to  high-speed  subway  or  elevated  trains,  which, 
in  turn,  will  bring  them  to  and  through  the  business  district 
to  whatever  extent  it  may  be  expanded,  in  economically  and 
safely-operated,  heavy,  high-speed  trains,  stopjMUg  infrequently, 
in  order  that  high  average  speed  may  be  made,  with  the  inter- 
mediate points  between  these  stops  served  by  the  present  sur- 
face line  cars  or  local  elevated  or  subway  cars.  In  such  a 
system  the  elevated  lines  would  serve  the  same  purpose  as 
subways  for  such  territory  as  they  occupy,  if  operated  into 
and  through  the  present  and  future  congested  business  dis- 
trict in  sul)wavs.  The  princi])les  u])on  which  such  a  subway 
system  sliotdd  be  constructed  are  as  follows: 

"First:  Through  operation  from  the  southern  termini 
to  the  northern  termini,  wherever  they  may  be  located,  and 
vice  versa,  upon  as  straight  tracks  as  practicable,  on  one  or 
more  of  the  following  streets:  Michigan  Avenue,  Wabash 
Avnue.  State  Street,  Clark  Street,  Fifth  Avenue.  Halsted 
Street.  Western  Avenue,  etc.,  as  the  future  may  demand. 

"Second  :  Similar  east  and  west  subways,  with  the  grades 
separated  where  they  cross  the  north  and  south  subways,  lo- 
cated, to  start  with,  say,  on  Madison  Street,  and  eventually 
u|K)n  such  other  east  and  west  streets,  north  and  south  of 
^Tadison  Street,  as  future  conditions  may  demand,  utilizing, 
however,  at  once  certain  of  these  streets  in  the  present  busi- 
ness district  iox  loop  terminals  for  the  present  West  Side  sur- 
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face  and  elevated  cars,  but  so  arranp-prl  thnf  fi.         i 

used  may  finally  be  used  for  f uture "  ultaJla'T  '"'"'''''  '° 

ihird:     These  north  and  south  and  east  anrl  w^f      ^ 
ways  eventually  to  be  supplemented  by  diagonal  s  h.  f        "^" 
Milwaukee  Avenue,  Blue  Island  Avele    X"h t  t-ueTd 
such  other  diagonal  streets  as  the  futur^  may  determine' bes^ 
to  locate  subways  upon  ^  uciermine  Dest 

essai;^^tu::  to^h?(^^^:^^t^^-^^^^^    ^^  v^- 

that  side,  by  reversing  their  dlfeaTo^e^^l'^y  me^"!  tT 
end  or  loop  terminals.  This  is  accomplished  in  Se  nhn  ,'  ." 
consideration  by -loop  terminals  in  preference  to  sttfb  end  te/ 
minals,  for  by  the  loop  method  continuous  opera  ^n  is  peT 

a  dfh/'l  -''l'  '^''rr'<^-^S  increased  capadty  and  speeT 
and  the  elimination  of  danger  in  operation  ^      ' 

"The  east  and  west  subways  (with  the  excetifinn  r.f  fi 

T..""  ^'ff''''  ^''''''  which  nist  run  at  iSTve'  eas? 
of  the  south  branch  of  the  river  in  order  to  allow  hrnort 
and  south  subways  to  pass  under  the  river  at  grade  no  ex 
ceeding  those  of  the  West  Side  subways),  after  o^ice  Tavm^ 
descended  to  come  under  the  river,  should  remain  down  ad 
pass  under  the  north  and  south  subways  in  the  p  esen  b^4i„ess 
district,  although   west  of  the  south   branch  o^the  riv"r  tie 

wA .  K  rT  ''^''^^'  '°"^^  ^'  constructed  as  high  leveTsub- 
ways,  but  dipping  to  allow  the  Halsted  Street  and  Wes  ern 
Avenue  subways,  or  such  other  north  and  soi^h  subwa.f  as 
may  be  constructed  upon  the  West  Side  prior  to  the  construe 
ion  of  the  east  and  west  subways,  to  pas^  over  th  m  In  cas^ 
the  east  and  west  subways  on  the  West  Side  of  the  "river  're 
inTeSnl  'poin'ts^.^^  "^^'^  ^^  ^-^^  ^"'^-y^  ^^o^ihrdTp'^a? 

be  o-ve"n'.''nv  n   '^^'^''''  "«  Particular   business  district   would 
De  given  any  permanent  advantage,  or  any  advanta-e  which 

Invofh^'f  ''P'"",°"  "^  '^''  ^>^^^-"  ^^■^"'J  "ot  rectify  ove 
ultUl  el v^"".'- '''''•''''  ^^^  '^'^  P^^^^"^  business  distr  ct.  anc 
wiTi    i     ^  ^"- ''^  ""'^y'  ^^o"^^'  ^^  gridironed  with  subwav^ 

and  east  and  west,  varying  somewhat  with  the  densit>-  of  nonu- 

4  dik c:onT:iib"^^  ^^^'  ''''''  ''  ''^^''  -^^J--  excVpt  ^vh'ere 
to  extend  ?Ln'''^T'''  constructed,  and  thus  not  inlv  tend 
to  extend  the  present  business  district  north,  south  and  west 

Wes  SidrrT""^^  ^T''  ^"^^P^  ^^^  the 'terminals  of  the 
^o  iDon  hiof '"'•i'?  "^'°  "^'-^^^  '''  P^^-'^ible  for  passengers  to 
d^al  V  wi  %  f '"^  'u'"'-  °P"'^^^^'  "P°"  straight  and  prac- 
anv  oontfn  .h  '•;  '7'^?'  ^^"^^  ^''^^^^^"^^^  °^  ^^^-'t^bes,  from 
bm  one  fr^n  f  ''V^  '^"'°''  "">^  «*'^^'"  P°^"t  in  the  cit^  with 
Such  a  .V.T  '  '\^  '"  "'^'^  '^'''  ^^''*°"^  transferring'at  all. 
icaHvLr  i'^",^^  constructed  and  operated  more  econom- 

ically and  involves  less  risk  in  operation  than  anv  other  subway 
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system  suitable  for  Chicago  conditions,  and  it,  therefore,  pos- 
sesses the  elements,  so  far  as  a  subway  system  can,  by  keep- 
ing the  investment  for  good  construction  to  a  minimum,  of 
enabling  the  city  to  retain  its  present  one-city-one-fare  sys- 
tem, whatever  that  fare  may  be,  and  at  the  same  time  makes 
it  possible  to  adopt  the  universal  transfer  system,  without  in- 
justice to  anyone,  within  the  district  between  12th  Street,  Hal- 
sted  Street  and  the  Chicago  river,  within  which  district  the 
jjresent  surface  companies  are  now  exempt  by  ordinance  from 
issuing  universal  transfers  until  the  construction  and  operation 
of  subways. 

"By  this  system  all  West  Side  passengers  can  be  carried, 
without  transferring,  directly  to  the  Lake  Front,  if  desired,  or, 
by  transferring  once,  to  any  north  or  south  point  of  the  city 
served  by  the  subway  system." 

Those  are  the  principles  which  it  seems  to  me  should  govern 
any  system  laid  down  in  the  city  of  Chicago.  Therefore,  the  funda- 
mental question  which  we  must  meet  in  the  near  future  probably 
is,  where  will  we  locate  those  subways? 

I  have  given  you,  I  think,  an  idea  of  what  the  Board  thinks 
and  what  some  of  us  as  individual  members  think  should  be  worked 
out.  The  next  question  is  how  the  scheme  shall  be  financed — 
♦.vhether  it  is  wise  to  construct  only  so  rapidly  as  we  can  with  the 
money  we  have  available  (I  mean  construct  at  present  with  the 
money  we  have  available),  and  then  extend  as  rapidly  as  we  can 
with  the  money  which  comes  in  from  the  traction  companies,  which 
is  coming  in  at  the  rate  of  $2,500,000  per  year  at  the  present  time, 
and  probably  will  increase  to  $3,000,000  in  the  near  future,  so  that 
in  five  or  six  years  from  now  we  ought  to  have  from  $25,000,000 
to  $30,000,000  available  for  subway  construction.  Shall  we  use  that 
money,  build  now  with  what  we  have  and  extend  as  rapidly  as  we 
can,  or  shall  we  find  some  means  of  obtaining  ailditional  money, 
and  instead  of  ])nilding  $30,000,000  worth  of  subways  now,  build 
$50,000,000  worth?  That  question,  of  course,  I  am 'not  at  liberty 
to  .say  much  alxntt.  It  is  in  the  hands  of  the  City  Council,  and 
is  a  very  live  subject. 

The  (|uestion  of  congestion  is  the  fundamental  thing  to  take 
care  of  at  the  present  time.  Therefore,  we  as  members  of  the 
Board  have  said  that  our  subways  should  he  constructed  where 
they  will  relieve  congestion.  I  think,  for  the  best  interests  of  the 
city  of  Chicago  as  a  whole  (looking  at  the  matter  from  the  view- 
point sim])ly  of  a  citi/en  who  would  like  to  live  a  hundred  years,  if 
possible,  to  see  what  tlie  city  would  be  at  that  time,  which  I  have 
not  any  chance  of  doing,  but  at  the  same  time  I  believe  people 
should  think  about  the  welfare  of  the  city  at  that  time).  I  would 
probably  put  the  first  subway  under  Halstcd  Street,  north  and 
south,  if  T  had  absolute  authority.  Of  course,  tuy  State  Street 
friends  wouldn't  love  me  a  bit  for  locating  the  subway  over  there. 
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On  the  contrary,  if  I  located  the  subway  on  State  Street,  my  Hal- 
sted  Street  friends  would  not  think  any  too  much  of  me.  So  the 
Board  has  concluded  that  Clark  Street  is  a  pretty  fair  compromise 
between  the  two  north  and  south  arteries,  and  that  it  is  a  good 
place  to  start,  especially  as  it  can  become  part  of  the  comprehensive' 
scheme. 

The  outlying  territory  needs  to  be  developed.  The  question 
is,  will  you  develop  it  with  subway,  elevated,  or  surface  lines  ?  The 
cheapest  way  is  surface  lines,  then  elevated,  and  then  subway.  As 
our  city  is  so  spread  out,  fan-shaped,  that  we  cannot  afford  sub- 
v/ay  systems  throughout,  not  having  people  enough  in  the  outlying 
territory  to  support  them,  it  is  not  the  part  of  wisdom  to  talk  about 
building  a  comprehensive  subway  system,  covering  the  entire  city 
right  from  the  start  and  being  able  to  support  it.  If  we  were  to  con- 
struct such  a  subway  system  and  get  it  running  three  years  from 
now,  or  five  years  from  now,  which  would  cost,  say,  $130,000,000, 
we  would  have  to  immediately  increase  our  riding  habit  20%  in 
order  to  support  that  system.  We  cannot  increase  our  riding  habit 
20%  at  once.  The  question  is,  how  long  will  it  take  us  to  increase 
20%  ?  Our  theory  is  that  it  would  be  better  to  build  with  the  money 
we  have,  be  able  to  support  our  subway  now,  and  then  add  in  the 
future  as  our  conditions  warrant  and  as  we  find  we  can  support  it. 

The  only  other  step  would  be  to  grant  a  franchise  upon  some 
basis  for  a  very  long  period,  which  would  provide  for  an  amortiza- 
tion fund  at  very  low  rate,  so  that  in  the  course  of  time  the  earn- 
ings of  the  system  would  amortize  the  investment.  But  in  my 
judgment  that  franchise  would  have  to  be  not  less  than  40  years, 
and  possibly  75  years,  and  I  do  not  imagine  I  will  see  the  aldermen 
voting  for  a  75-year  franchise  right  away,  although  it  is,  of  course, 
possible.     I  doubt  it,  however. 

While  the  through-routing  on  the  elevated  roads  which  has 
recently  been  put  into  effect  has  given  more  or  less  trouble,  the 
trouble  is  due  to  the  fact  that  we  are  not  yet  quite  used  to  it ;  the 
patrons  of  the  elevated  roads  are  not  yet  used  to  getting  off  and 
on  and  transferring  quickly  and  at  the  right  points,  and,  further- 
more, there  are  not  quite  enough  transfer  points.  When  those 
things  are  worked  out,  I  am  sure  you  will  like  the  through-route 
systems.  We  have  been  asking  for  through-routing  on  the  surface 
lines  for  years ;  we  have  it  somewhat  in  vogue,  and  expect  to  have 
it  fully  in  vogue  in  a  few  weeks.  This  through-routing  of  the  ele- 
vated roads  will  give  only  temporary  relief.  Our  present  surface 
line  traffic,  street  car  traffic,  has  responded  very  rapidly  to  the  reha- 
bilitation of  the  system,  and  we  have  increased  the  average  speed 
from  seven  miles  per  hour  to  about  nine  miles  per  hour.  In  Vienna 
the  average  speed,  T  understand,  is  only  about  seven  miles  per  hour. 
This  increase  of  speed  on  the  surface  lines  to  nine  miles  per  hour 
has  greatly  increased  their  receipts  and  has  correspondingly  hurt 
the  elevated  traffic.  Consequently,  the  elevated  companies  are 
studying  the  problem  now  of  how  they  can  increase  their  service 
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to  get  that  traffic  back.  It  is  a  merry  war  between  the  two  to 
see  who  will  get  the  fluctuating  riders.  The  traffic  has  in- 
creased at  the  rate  of  about  5>4%  per  year.  That  is,  the  traffic 
on  the  surface  lines  will  double  in  from  13  to  15  years.  You  can 
see  what  we  are  facing  if  we  do  not  provide  additional  facilities 
for  taking  care  of  the  travel.  We  cannot  take  care  of  it  on  the 
surface  of  the  streets  in  our  downtown  district,  because  we  have 
no  more  streets  upon  which  we  can  put  street  car  tracks.  We  have 
either  to  provide  more  streets,  put  the  tracks  overhead  on  elevated 
structures,  or  under  the  ground  in  subways,  if  the  business  district 
remains  as  it  is.  The  first  thing  to  do  is  to  lengthen  this  business 
district,  extend  it  north,  south  and  west,  which  additional  streets 
and  tracks  are  bound  to  do.  Still,  there  are  many  people  who  will 
want  to  come  into  this  downtown  district,  and  unless  we  provide 
additional  streets  or  tracks  in  subways  or  on  elevated  structures, 
we  will  be  swamped  before  long.  In  fact,  we  are  pretty  well 
swamped  already. 

Now,  Chicago,  as  I  have  said,  is  so  designed  or  so  located  that 
it  is  impossible  to  get  sufficient  density  of  traffic  over  such  a  num- 
ber of  subway  lines  as  would  be  necessary  to  support  those  sub- 
way lines  if  we  now  put,  say,  $130,000,000  or  $140,000,000  into 
them.  Consequently,  we  can  only  build  subways  where  they  are 
needed  to  relieve  congestion  or  where  we  are  sure  there  is  or  soon 
will  be  traffic  enough  to  support  them.  I  want  to  say  now,  so 
nobody  will  misunderstand  me,  that  a  subway  is  not  an  economical 
proposition  and  not  a  fundamentally  sound  proposition  for  surface 
car  line  operation.  You  cannot  put  surface  cars  enough  into  a 
subway  to  make  it  pay  from  that  standpoint  if  they  are  operated 
singly.  The  only  excuse  for  putting  a  short  subway  down  town, 
or  at  any  other  point,  is  to  relieve  congestion.  I  would  like  that 
thoroughly  understood.    At  least  that  is  my  viewpoint. 

As  I  said  a  few  minutes  ago,  a  subway  can  be  defended  only 
from  an  economical  standpoint  when  it  is  built  so  as  to  run  high- 
speed, say,  10-car  trains  in  it,  at  frequent  intervals;  because  only 
by  that  means  can  you  carry  passengers  enough  on  a  five-cent  fare 
to  justify  the  investment  in  the  subway.  Hence  the  two  viewpoints. 
You  must  build  them  for  that  puri)ose,  or  else  you  must  build  them 
simply  to  take  care  of  congestion  because  of  the  fact  that  you  are 
congested  and  cannot  find  any  other  place  for  the  tracks.  That  is 
just  the  situation  in  the  downtown  district  today,  and  that  is  why 
the  Board  advised  the  building  of  a  new  loop  for  the  West  Side 
cars,  not  because  they  thought  it  would  pay.  but  because  we  had 
no  more  tracks  to  run  cars  on,  and  we  were  limited  to  the  1907 
ordinance  provisions.  When  we  talk  about  subways  to  be  built 
today,  we  should  mean  that  we  are  talking  alH)ut  high-speed  sub- 
ways of  the  future.  Every  subway  that  we  are  designing  now,  as 
far  as  we  can,  we  are  so  designing  as  to  make  it  part  of  a  compre- 
hensive system.    Now,  we  are  not  building  them  necessarily  because 
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they  will  pay  for  so  doing,  but  to  relieve  congestion      W^       n 
them   ten.porarily   to   relieve   congestion.   ^T^nZ   thev   wi  1  "h' 
made  part  of  a  comprehensive  subway  system  that  w  11  ^  i  ^^ 

the  city  is  more  densely  populated.       ^    ^  ''^'"  P^^  ^"^^^" 

Discussion. 

R  F.  Schuchardt,  m.  w.  s.  e.  (Chairman)  :  Of  the  manv  im 
portant  problems  before  modern  cities,-not  only  AmeriSrcihV 
but  cities  all  over  the  world,-probIems  of  housing,  of  cleansing 
of  transpor  ation,  the  problem  of  transportation  is  g;  far  he  moS 
importan  ,  in  that  all  the  others  depend  upon  it.  Chicago  has  had 
o  face  hat  prob  em  many  times.  We  started  in  ourlst'af 
transportation  with  a  lot  of  small  svstems,  and  tl  en  trL  foT.f  i 
them  together  We  had  a  gigantic  task  to  ge  Vem  in  dec  nt 
had'to  m'et"    '"  '""  """'^  ^''^'^^"^^  ^^"^^  ^^en  which  we  have 

If  there  is  any  one  man  of  this  city  who  is  pre-eminentlv  pn 

"Mr   T  l^'tr'T' r""  ^^^  ''''  ?^^'"  ''  trenfendou     stud'y    h 
IS  Mr.  b    J.  Arnold,  who  needs  no  introduction  to  a  Oiicao-o  ^ud 
ence.     We  are  very  happy  to  have  had  the  pleasure  of  listening 
o  him  this  evening.     His  very  clear  description  of  the  es  ence  of 
he   problem   has   undoubtedly  banished    from   any   mind   thfcon 
fusion  naturally  resulting  from  the  description  and  aTg  ments  'vkh 
which  we  have  been  entertained  during  the  last  few  months      I 
^s  natural  that  upon  a  subject  of  this  kind  there  shouM  be  manv 
differences  of  opmion,  and  those  differences  of  opinion    I  Ce 
will   result  in  a  lively  discussion   here  tonight.      There  are   manv 
men  here,  I  am  sure,  who  have  given  this  matter  consTderab     sTudy 
at  least  some  of    he  angles  of  it,  and  I  hope  thev  will  feel  free  to' 
take  the  floor  and  give  us  the  benefit  of  their  viewooint 
fif    •         fu  .u^'^'^Z'  '^-  "^^  "^^  ""■  '■    I  wo"ld  like  to  ask  how  this  olan 

i'   i  "to^b  in^'mo'^^^"c^%h  "^^'"l-    ''J''  ^^^-^^^-^^  P^-^'  -  '  ""^' -'a" 
.t'lH  Mof       u  T  •     ^  ^^^  '"^'^'''^^  terminals  down  near  12th  Street 

tTl2?h    Street    "4'  iT^^'^l^  "^  \^'  ''''^'^y  ''^^^  -ry  close 
to    izth    Street      Should    not   the    subwav    now    shown    near   Van 

because  it  remfn^         '?/  ?^t^  '^f  gentleman  asked  that  question, 
ermM  auesHon   .o"T      ''  ^  "<^§^lected  to  speak  about  the  Railway 
terminal  qt^stion.  so  I  can  make  another  long  speech  if  you  want  it 

ertv  occuntf  h/fr'  m'  ^f  "^  ^"^'"^^^  ^^^^^"^t'  ^"d  the  prop- 
erty occupied  by  the  railroad  companies.     That  part  of  the  mao 

fornrs^wn'at  H  V''''''.  T^h'  ^"^  ^^^  hSL  cross-h^tch  S 
ertv^h.t  .S  P  '/°P  ^''V^^^  °^  ^^^  ""t^^  represents  the  proD- 
purUe    of'      '?^  ^°"^P^"y  P"^^hased   for  the 

purpose  of  constructing  freight  terminals.  Taking  the  cross- 
hatched  portions,  we  can   see  how  much  property  is   occupied  fn 

."ll  noticTr  ''''?^'  '/  ^'^  '^'''^''^  by  ''^^'  of'o^mersh  p  You 
l.\h^  .^  '"^  restricted  we  are  right  in  the  vicinity  of  12th  Street 
as  the  gentleman  has  said.     We  have  but  three  streets  left  there 
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upon  which  we  can  bring  street  cars  northward  to  our  present 
business  district.  I  have  recently  had  something  to  do  with  this 
raihoad  problem  and  have  given  it  some  study,  and  one  of  my 
recommendations — in  fact,  the  fundamental  thing  that  I  thought 
should  be  done,  was  to  straighten  the  river  from  some  point,  namely, 
from  about  Harrison  Street  south,  so  that  all  of  that  property  now 
located  between  the  present  river  and  the  proposed  straightened 
river  would  be  transferred  from  the  west  side  of  the  river  to  the 
cast  side  of  the  river.  Plates  XXIII,  XXIV,  XXV  and  XXVI  show 
different  locations  for  straightening  the  river  suggested  by  me  in 
my  recent  report  upon  railroad  terminals  to  the  Citizens'  Terminal 
Plan  Committee.  If  the  location  shown  on  Plate  XXV  should  be 
adopted,  and  figuring  the  property  as  worth  $5.00  more  per  square 
foot  when  thus  transferred  than  it  was  before,  which  is  a  very 
low  estimate,  some  people  figuring  it  at  $10.00,  there  would  be 
added  to  the  value  of  the  property  some  $16,000,000,  or  nearly  two 
and  one-half  times  the  cost  of  straightening  the  river,  estimated 
at  about  $6,000,000. 

Of  course,  to  be  perfectly  fair  about  it,  that  increased  value 
is  on  the  assumption  that  this  property  could  be  intensively  de- 
veloped, utilized  for  both  railroad  and  commercial  purposes,  and 
be  made  to  earn  a  return  similar  to  what  other  property  contiguous 
to  it  or  in  the  vicinity  of  it  now  earns ;  but  when  you  consider 
it  as  purely  railroad  property,  used  purely  for  railroad  purposes, 
then  the  differences  in  value  are  not  so  great,  because,  presumably, 
the  property  would  not  be  worth  very  much  more  for  switching 
yards  and  sand  piles,  as  it  is  now  used,  on  the  east  side  of  the 
river  than  it  is  on  the  west  side.  But  when  properly  used,  the 
question  as  to  how  much  that  value  is  depends  upon  each  man's 
opinion  as  to  how  he  would  use  the  property. 

The  fundamental  thing  to  me  is  that  the  companies  should 
find  some  way  of  intensively  developing  their  railroad  properties 
in  this  extremely  valuable  district,  so  as  to  get  a  revenue  from  that 
property  over  and  above  what  they  get  from  it  as  purely  railroad 
yards.  Our  railroads  are  now  taxed  upon  a  basis  of  $40,000 
per  mile  of  track  instead  of  the  real  value  of  their  property  in  the 
city  limits. 

But  some  day  that  will  be  readjusted.  When  that  time  comes 
I  think  you  will  find  the  railroad  men  developing  this  property 
more  intensively  than  they  are  now  developing  it,  nnd  the  property 
will  he  considered  much  more  valu.ible.  If  you  figure  it  on  the 
ten-dollar  basis,  this  amounts  to  $.^2,000,000,  but  I  am  not  assuming 
the  responsibility  for  that  figure.  It  is  probably  too  high.  How- 
ever, it  is  reasonably  safe  to  assume  that  there  is  an  increase  of 
$16,000,000.*     If  the  river  were  straightened  out,  it  would  open 


*Thc  ordinance  passed  l)y  the  Chicago  City  Council  on  Nov.  13,  1913. 
provided  for  the  straijjhtoninp  of  the  river  as  shown  by  the  cross-hatched 
portions  on  Plates  XXIII  and  XX\',  very  close  to  the  location  recom- 
mended by  Mr.  .Arnold  on  these  plans. 
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up  this  great  business  district  to  the  south,  if  these  railroad  com- 
panies would  depress  their  tracks  in  that  district  and  develop  their 
property.  That,  in  my  judgment,  would  make  it  impractical  or 
inadvisable  to  attempt  to  put  a  system  of  railroad  stations  across 
12th  Street,  as  the  gentleman  has  stated  the  Chicago  Plan  Com- 
mission thinks  it  wants  to  do.  1  am  not  so  sure  that  the  Commis- 
sion wants  to  do  that  at  all,  but  it  does,  in  my  judgment,  want  to 
do  something  that  will  open  up  this  business  district  to  the  south 
in  the  same  manner  I  have  indicated,  and  it  is  not  wedded  at  all 
to  the  idea  of  having  a  row  of  railroad  stations  across  12th  Street, 
which  would  practically  cut  off  the  business  district  instead  of  open- 
ing it  up.  What  the  Chicago  Plan  Commission  tried  to  do  was  to 
design  two  railroad  terminals  at  that  point,  such  as  all  the  roads 
could  use,  and  thus  open  up  this  district  to  a  certain  extent ;  but 
they  are  not  against,  in  my  judgment,  any  other  plan  which  will 
completely  open  up  that  business  district. 

Coming  now  to  the  station  question:  If  this  city  could  find 
its  way  clear  to  so  negotiate  with  the  railroads  as  to  get  the  rail- 
roads persuaded  to  construct  two  passenger  stations,  we  will  say, 
one  on  the  present  Illinois  Central  R.  R.  Company's  site  (which, 
by  the  way,  is  quite  likely  to  be  developed — in  fact,  that  company 
is  now  moving  toward  that  direction,  that  is,  it  is  designing  a  new 
station  and  will  undoubtedly  build  a  new  and  very  handsome  sta- 
tion at  this  point),  Plate  XXVII,  and  another  station  located  a1 
some  point  anywhere  between  Madison  Street  and  20th  Street, 
west  of  the  river,  we  would  then  have  two  stations,  wiiich,  if  each 
were  large  enough,  would  be  ample  to  take  care  of  this  city  for 
some  50  or  75  years  to  come  at  any  rate,  provided  those  stations 
were  planned  to  take  care  of  through  traffic  only.  I  mean  by  that, 
main  line  traffic,  and  the  suburban  traffic  handled  in  smaller  sta- 
tions in  the  same  manner  that  the  Illinois  Central  now  handles 
its  traffic  along  the  Lake  Front.  If  the  roads  operating  on  the 
West  Side  had  a  terminal  at  Adams  Street,  or  Harrison  Street,  or 
at  12th  Street,  if  you  choose,  the  whole  district  from  12th  Street 
to  the  river  could  be  completely  opened  up,  and  there  would  be 
no  line  of  stations  across  12th  Street,  as  the  gentleman  has  assumed 
the  Chicago  Plan  Commission  desires. 

The  North  Western  station  being  built,  and  the  Illinois  Cen- 
tral station  being  fairly  certain,  the  Pennsylvania  group  of  rail- 
roads comes  in  and  desires  to  build  a  station.  My  conclusion  was 
that  the  North  Western  is  a  permanent  station  and,  therefore,  some 
other  location  would  have  to  be  found  for  the  Pennsylvania  Com- 
pany, and  that  it  was  entitled  to  a  location  somewhere  near  the 
business  district;  that  it  was  not  just  to  the  Pennsylvania  Com- 
pany to  require  it  to  back  clear  up  to  12rh  Street,  as  some  have 
demanded  of  it,  and,  therefore,  Harrison  Street  would  be  a  fai^ 
compromise  location  for  that  company,  if  it  would  accept  this  site. 
The  city  is  desirous  of  getting  the  Lake  Shore  and  Rock  Island 
station  moved  back  to    12th  Street  or  some  other  point.      If  the 
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TLATR  27.     THREE-STATION    PLAN. 

This  plan  contemplates  three  terminals,  the  first  heinR  the  present  Chicago 
&  North  Western  Station,  the  second  heinp  located  at  Harrison  Street,  l>et\veen 
Canal  Street  and  llie  river,  and  tlie  tliird  hein^  l«K-ated  at  i:2tli  Street  and  the 
lake  front.  Tiiis  plan  permit.^  urcit  e.xpansion  of  the  Imsiness  district.  With 
proper  grouping  of  llie  railroads  many  of  the  railroad  an»l  river  crossings  would 
he  eliminated,  and  tlie  street  system  would  he  greatly  im|)rovetl. 

.Streets  and  river  shown  as  now  existing. 
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Pennsylvania  and  its  associated  roads  would  build  at  Harrison 
Street,  we  would  then  have  some  sort  of  a  lever  upon  or  a  means  to 
coax  the  Lake  Shore  and  the  Rock  Island  roads  and  other  roads 
to  move  back  or  go  into  the  Pennsylvania  station,  or  into  the  12th 
Street  station  of  the  Illinois  Central  R.  R.,  and  thus  open  this  at 
present  congested  throat  to  the  south.  There  is  nothing  in  the 
principle  which  I  am  advocating  for  the  location  of  passenger  sta- 
tions to  oppose  the  construction  of  a  station  at  Adams  Street.  As 
far  as  the  principle  I  am  talking  about  is  concerned,  it  makes  no 
diflference  whether  the  Pennsylvania  and  its  associated  roads  build 
at  Adams  Street,  Harrison  Street,  Polk  Street,  12th  Street,  22nd 
Street,  or  anywhere  they  choose,  as  long  as  they  will  keep  along 
that  north  and  south  line  and  not  put  any  station  between  Michi- 
gan Avenue  and  the  river,  my  object  being  to  keep  the  business 
district  open  to  the  south.  If  they  would  construct  their  station 
either  at  Adams  Street  or  Harrison  Street  and  use  it  for  through 
traffic,  the  C,  B.  &  Q.  and  the  P.,  F.  W.  &  C.  railroads  could  come 
in  from  the  south,  and  the  Panhandle  and  the  C,  M.  &  St.  P.  Ry. 
from  the  north.  Let  me  get  this  clearly  before  you.  I  say  that 
fundamentally  there  should  be  two  passenger  stations  for  the  city 
of  Chicago,  one  on  the  Lake  Front,  and  one  on  the  territory  west 
of  the  river,  which  is  natural  railroad  territory,  being  not  only  low, 
but  already  crossed  by  viaducts  in  many  places.  It  has  been  agreed 
by  the  companies  that  if  they  do  occupy  it — I  mean  it  is  tentatively 
agreed — they  will  depress  to  within  three  or  four  feet  of  city  datum, 
which  is  within  three  or  four  feet  of  the  water  line.  The  Illinois 
Central  R.  R.  has  agreed  to  depress  its  tracks,  and  therefore  we 
would  have  space  on  each  side  of  our  business  district  in  which 
could  be  constructed  any  number  of  stations — farther  north,  farther 
south, — paralleling  our  business  district,  and  at  the  same  time  not 
closing  it  in  either  on  the  north  or  the  south. 

Plate  XXVIII  shows  the  development  of  the  suburban  arrange- 
ment. I  claim  -that  if  these  railroads  would  take  care  of  their 
through  main  line  traffic,  their  main  passenger  trains.  New  York 
to  Chicago,  Chicago  to  the  coast,  Chicago  to  IMinneapolis,  Chicago 
to  St.  Louis,  and  so  forth,  in  their  regular  stations,  designed  espe- 
cially for  that  work,  which  may  be  stub-end  stations  if  you  choose 
or  through  stations,  there  being  no  great  difference  in  their  capacity 
if  they  are  properly  designed — if  they  will  take  care  of  that  class 
of  traffic  in  monumental  stations  designed  for  that  purpose,  if 
they  must  have  them,  then  there  should  be  no  criticism  due.  But 
when  they  design  great  monumental  buildings  and  fill  them  full 
of  suburban  tracks  which  are  used  a  short  period  of  the  day,  morn- 
ing and  evening,  and  stand  idle  the  rest  of  the  day,  I  claim  that  is 
a  waste  of  money  for  term.inal  purposes.  This  suburban  business 
can  be  taken  care  of  better  in  more  and  cheaper,  yet  sufficiently 
handsome,  structures  which  at  the  same  time  will  better  accom- 
modate both  the  roads  and  the  public  than  these  monumental  ter- 
minals, which  should  be  designed  especially  for  main  line  business. 
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If  the  Illinois  Central  Company  were  to  retain  its  stations  at 
12tli  Street,  Van  P.uren  Street,  and  Randolph  Street,  as  it  now 
has  them,  then  run  a  subway  under  the  river  and  swing  west  on 
Ontario  Street  and  establish  a  station  at  State  Street  and  another 
one  at  Franklin  Street,  thence  run  west  and  north  and  connect 
with  the  tracks  of  the  North  Western  and  the  Milwaukee  roads, 
the  Illinois  Central  suburban  trains  would  serve  this  entire  busi- 
ness district,  as  they  now  do  on  the  east,  at  the  different  points, 
39th.  22nd,  16th,  Van  Burcn.  Randolph,  State,  LaSalle,  and  so 
forth,  and  out  on  to  the  North  Western.  In  like  manner  some 
of  the  North  Western  and  Milwaukee  trains  could  nm  over  the 
Illinois  Central  tracks  to  the  south,  and  also  could  run  trains  down 
to  their  present  terminals  or  through  the  Canal  Street  terminal, 
if  you  choose,  down  to  12th  Street,  on  down  to  22nd  Street  and  to 
the  south.  The  Pennsylvania,  the  North  Western,  and  the  Mil- 
waukee roads  could  through-route  over  that  division  west  of  the 
present  business  district. 

Now  take  the  Lake  Shore  station,  located  at  Van  Buren  and 
LaSalle  Streets.  If  we  can  get  the  railroads  to  depress  and  cover 
their  tracks  in  the  business  district  north  of  12th  Street — and  it 
is  quite  likely  we  can — then  this  LaSalle  Street  station  could  be 
retained  as  a  suburban  station,  and  another  station  could  be  estab- 
lished at  12th  Street,  so  the  Lake  Shore,  the  Rock  Island,  the  C.  & 
T'2.  L,  and  other  roads  from  the  south  could  run  their  suburban 
trains  on  these  covered  tracks  up  through  LaSalle  Street,  through 
the  present  street-car  tunnel  in  LaSalle  Street,  and  thence  north 
to  a  connection  with  the  tracks  in  Ontario  Street,  as  above  de- 
scribed. By  reversing  the  direction  we  have  a  through  line  of 
suburban  cars  running  north  and  south  through  the  business  center, 
and  at  the  same  time  have  not  blocked  the  business  district  north 
or  south  by  any  series  of  stations  across  12th  Street  or  by  stub-sta- 
tions at  any  point.  The  C,  B.  &  Q.  trains  could  run  in  from  the 
west  as  far  as  the  river,  thence  north  through  suburban  stations 
at  12th  Street,  the  new  LTnion  Station,  and  then  west  on  the  Mil- 
waukee or  the  North  Western  tracks  to  Norwood  Park  or  West 
Chicago.  These  routes  are  shown  on  Plate  XXIX.  That  could 
be  worked  out  in  almost  any  way  desired.  T  believe  that  will  an- 
swer the  question  as  to  blocking  12th  Street. 

I  simply  want  to  show  by  these  plates  that  the  plan  is  capable  of 
being  worked  out  if  we  can  get  the  railroad  men  to  make  up  their 
minds  to  do  it.  The  railroad  men  very  naturally  say,  "We  do  not 
want  this  suburban  business.  We  are  tired  of  it.  It  is  the  kind  of 
business  we  do  not  want.  Consequently  we  should  not  be  forced  to 
take  on  any  more  of  it.  My  answer  to  that  is,  that  it  seems  to  be  a 
question  as  to  whether  the  railroads  are  going  to  run  the  public  or 
whether  the  j)ul)Hc  is  going  to  run  the  railroads,  or.  better  still, 
whether  we  can  come  to  an  understanding.  It  is  going  to  be  a  battle. 
We  do  not  know  yet  how  it  is  coming  out,  but  if  the  public  demands 
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of  the  railroads  that  their  rights-of-way  be  used  to  their  maxiniuni 
capacity,  and  that  part  of  that  capacity  be  used  to  carry  suburban 
people,  then  the  best  way  to  carry  people  to  the  best  advantage  of  the 
people  and  at  the  same  time  the  most  profitable  to  the  railroads,  is 
by  the  through-routing  plan. 

Plate  XXX  is  a  view  of  the  city  of  Pittsburg.  They  through 
route  there  and  yet  come  here  to  Chicago  and  say  it  cannot  be  done. 
No,  they  do  not  say  it  cannot  be  done ;  they  say  they  do  not  want  to 
do  it.     That  is  better. 

If  I  have  answered  the  question  I  will  stop. 

James  Lyman,  m.  vv.  s.  e.  :  I  am  sure  I  express  the  senti- 
ments of  all  here  tonight  when  I  say  Mr.  Arnold's  address  has  been 
of  unusual  interest.  He  has  presented  a  solution  for  the  railway 
terminal  question  which  not  only  meets  the  needs  of  the  city,  but 
presents  no  serious  financial  hardships  to  the  railroads.  The  en- 
hanced values  of  the  railway  vacant  property  by  the  straightening  of 
the  river  will  in  a  large  measure  pay  for  the  street  viaducts  and 
modern  freight  warehouses. 

He  has  offered  a  solution  for  rapid  transit  city  and  suburban 
passenger  service  that  would  meet  the  present  and  the  future  needs 
of  Chicago  for  a  long  time  to  come.  If  this  scheme  were  adopted  and 
the  terminals  and  suburban  service  electrified,  the  increase  in  trans- 
portation which  always  follows  electrification  would  soon  pay  a 
good  return  on  the  new  investment. 

I  would  recommend  to  those  who  have  not  seen  Air.  Arnold's 
report  on  "The  Rearrangement  and  Development  of  Railway  Ter- 
minals," of  November,  1913,  that  they  obtain  a  copy  from  the  city 
and  read  it. 

F.  E.  Davidson,  m.  w.  s.  e.  :  I  want  to  ask  I\Ir.  Arnold  why  the 
Board  determined  on  a  two-track  subway  instead  of  a  four-track 
subway,  and  I  would  also  ask  in  how  many  years  a  two-track  sub- 
way wall  be  absolutely  inadequate  to  handle  the  transportal  ion  which 
you  propose  to  put  in  the  subway,  assuming  the  increase  which  you 
have. 

The  Author:  The  subway  will  be  inadequate  before  we  finish 
it.  We  figured  on  two  tracks  because  we  did  not  have  any  more 
money.  If  we  had  had  more  money  we  would  have  figured  on  four 
tracks,  and  probably  located  them  elsewhere.  But  we  have  not  yet 
the  money  to  construct  those  two  additional  tracks  under  Clark 
Street.  That  is  why  I  put  in  here  now  a  tentative  and  very  indefinite 
discussion  about  the  $.^0,000,000.  I  do  not  know  that  we  can  get 
$50,000,000.  but  I  think  we  can  get  $30,000,000.  I  do  not  know 
that  we  can  support  $50,000,000  if  we  do  get  it,  so  I  want  to  leave 
the  question  of  how  we  would  spend  it  somewhat  up  in  the  air  until 
we  get  a  little  further  along  with  the  negotiations. 

You  understand  that  I  am  not  now  trying  to  define  a  policy 
for  the  City  Council.  I  am  not  trying  to  tell  the  City  Council,  in  a 
public  speech  before  an  engineering  body,  what  it  ought  to  do,  be- 
cause I  must  leave  questions  now  imder  discussion  by  the  Council 
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Committee,  and  vvhicli  the  Council  properly  has  to  settle,  to  the  City 
Council.  So  I  must  at  present  talk  a  little  vaguely  about  the  money 
we  can  spend,  until  the  members  of  the  Council  make  up  their  minds 
how  much  they  will  let  us  spend,  and  how  much  rental  they  want 
upon  the  expenditure.  If  they  do  give  us  $50,000,000  to  start  with, 
then  we  can  build  a  double-tracked  subway  in  Clark  Street,  or  ix)s- 
sibly  construct  a  four-track  subway  somewhere  else,  but  it  now 
seems  to  me  well,  with  the  money  available,  to  build  the  two-track 
subway  for  the  relief  of  surface  car  line  congestion,  leaving  it  so 
that  four  tracks  could  be  put  in  later,  or  utilize  the  money  for  the 
construction  of  four-track  subways  on  other  streets.  Does  thai 
answer  your  question,  Mr.  Davidson? 

Mr.  Daindson:  Yes,  it  answers  my  question,  but  from  the 
standpoint  of  the  engineer,  would  it  not  be  well  to  recommend  what 
the  I'oard  knows  would  be  best  for  the  city  of  Chicago,  with  the  idea 
of  educating  the  people  to  the  idea  of  spending  the  money  which 
we  know  niu?t  be  necessary  in  a  short  time? 

The  Author:  That  depends  upon  the  conditions  under  which  a 
man  is  working,  and  you  will  find  that  I  will  do  so  before  the  sub- 
way question  is  finally  settled  by  the  Council.  I  agree  with  you, 
and  you  remember  the  principles  I  read  from  my  1911  report,  but 
at  the  same  time  T  have  to  meet  these  conditions  as  they  come,  and 
not  take  an  imi)ossil)le  position.  I  always  aim  to  get  results.  If  J 
cannot  get  everything  right  on  the  start,  I  get  as  much  as  I  can. 
providtd  I  do  not  spoil  the  situation  for  getting  more  at  a  future 
time.    That  is  the  theory  on  which  I  am  going. 

Mr.  Schnchardt:  Mr.  Lyman's  remarks  regarding  electrifica- 
tion prompts  me  to  say  that  we  had  hoped  to  have  with  us  this 
evening  Dean  Goss,  the  Chief  Engineer  of  the  Committee  of  Com- 
merce on  Electrification  and  Smoke  Abatement,  but  I  regret  that 
he  is  not  present.  We  have  waited  patiently  for  this  long-deferred 
report,  but  we  arc  given  to  hope  now  that  it  will  come  out  very 
soon,  and  wc  think  it  will  probably  show  that  electrification  is  en- 
tirely feasible.  With  that  mooted  question  settled,  the  rest  will  prob- 
ably be  eas\-. 

One  of  the  Citizens'  engineer  members  who  has  followed  the 
subject  with  a  great  deal  of  interest  is  Mr.  Rcment.  I  am  sure  he 
can  tell  us  something  that  is  interesting. 

A.  Bcmcut:  The  author  has  made  the  matter  so  clear  that  any- 
thing 1  migiit  say  would  not  add  any  information. 

The  .luthor:  I  want  to  say  that  Mr.  Rcment  did  add  a  good 
deal  of  informatiiin  to  the  general  railway  terminal  question  at  the 
time  I  was  analyzing  it.  T  know  he  knows  a  great  deal  about  it. 
and  he  was  of  great  assistance  to  me  by  voluntarily  contributing 
information  at  the  time  of  the  compilation  of  my  report.  I  want  to 
say  that  nuich  for  him,  if  he  will  not  talk  now.  as  he  deserves  it. 

Mr.  Schnchardt :  Mr.  Lake  has  had  considerable  exi)crience  in 
transportation  probb  nis.  especially  structures  and  power  problems. 
May  we  not  hear  from  him  ? 
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E.  N.  Lake,  m.  w.  s.  e.  :  Since  you  have  given  me  the  oppor- 
tunity, while  I  had  not  expected  to  say  anything-,  there  are  one  or 
two  thoughts  which  I  might  add.  In  looking  over  some  old  record^-, 
1  ran  across  this  rule  applying  to  steam  road  operation  of  not  so 
very  many  years  ago.  I  cannot  repeat  the  exact  wording  of  the 
rule,  but  this  is  the  substance  of  it:  In  the  event  of  trains  meeting 
between  turnouts,  that  train  which  is  nearest  to  the  turnout  shall 
back  up.  When  trains  meet,  the  conductors  shall  immediately  get 
together  and  determine  which  trains  shall  back  up  to  the  turnout.  It 
was  especially  mentioned  that  due  consideration  should  be  given  to 
grades  and  the  respective  loads  of  the  meeting  trains. 

Now,  this  seems  very  strange  to  us  of  today,  but  perhaps  the 
investigator  of  the  future  will  find,  when  he  runs  across  some  oi  the 
illustrations  that  were  shown  tonight,  some  things  which  will  seem 
to  him  equally  strange.  1  refer  particularly  to  the  view  showing 
the  present  loop  operation  and  so-called  "switchbacks"  in  the  down- 
town district,  and  to  the  view  showing  the  use  which  is  being  made 
of  railroad  property  in  the  business  section.  Those  views  will  in 
the  not  very  distant  future  seem  as  strange  as  do  the  old-time  train 
rules. 

Boston,  I  believe,  enjoys  the  distinction  of  having  more  different 
kinds  of  subways  than  almost  any  other  city  in  this  country.  At 
certain  places  you  go  down  into  the  subway  to  get  the  elevated 
trains,  and  at  others  you  go  up  on  the  elevated  structure  to  get  tli^ 
subway  trains.  Boston  has  tried  all  kinds  of  subways.  The  surface 
subway  for  the  purpose  of  relieving  congestion,  and  the  subway  for 
elevated  traffic.  One  of  the  most  recent  and  most  successful  is  a 
purely  rapid  transit  subway  built  from  a  point  in  the  downtown 
section  to  Harvard  Square.  The  Harvard  boys  say  it  is  now  only 
"seven  minutes  to  a  drink,"  whereas  previously  they  had  to  travel 
about  thirty-five  minutes. 

One  point  I  wish  to  bring  out  in  connection  with  this  rapid 
transit  subway  is  the  advantage  of  the  long  trains,  the  high  speed 
service,  and  the  rapid  loading  features  of  the  three-door  cars  which 
are  being  used.  It  was  my  privilege,  when  the  subway  was  first 
opened,  to  see  the  way  in  which  they  handled  one  of  those  tre- 
mendous football  crowds, — forty  or  fifty  thousand  people  literally 
dropped  on  the  transportation  system  in  the  space  of  a  very  few 
minutes.  The  way  those  eight  and  ten  car  trains,  with  their  twenty- 
four  and  thirty  doors  to  a  side,  melted  the  crowds  on  the  subway 
platforms  as  fast  as  they  accumulated,  was  a  marvel  to  behold. 

To  put  that  speed  in  terms  of  Chicago  distances.  I  would  say 
that  the  seven-minutes  nuining  time  between  Park  Street  and  Har- 
vard Square  corresponds  to  about  the  distance  and  time  from  State 
and  Madison  Streets  to  Douglas  Park  on  the  west,  to  the  north  end 
of  Lincoln  Park  on  the  north,  and  to  the  Douglas  Monument  on  the 
south. 

Mr.  Fcderman:  T  am  an  outsider,  but  would  like  to  ask  a 
question.  I  am  always  interested  in  the  economic  side  of  a  subject. 
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The  question  that  occurs  to  me  is  whether  it  is  feasible  and  just  to 
build  subways  by  special  assessment,  or,  for  instance,  to  move  the 
river  as  was  mentioned,  by  special  assessment?  I  refer,  of  course, 
to  the  assessment  being  levied  on  the  owners  of  the  land  that  is 
benefited. 

The  Author:  Yes,  I  think  it  is  just  to  assess  property  for 
the  benefit  of  an  improvement,  especially  in  the  case  of  a  subway. 
1  mentioned  in  my  talk  that  San  Francisco  is  building  two  tunnels 
under  just  such  a  metliod,  and  1  firmly  believe  that  if  we  were  to 
start  right  out  on  that  theory  today  we  might  get  a  comprehensive 
•subway  system  for  this  city  which  would  give  us  much  better  rapid 
transit  than  we  can  hope  to  get  under  any  present  conditions.  I  do 
not  know  whelb.er  anyone  has  the  '"nerve"  to  start  it  or  not.  In 
talking  before  the  Real  Estate  Board  the  other  day  1  forgot  that 
point  entirely,  owing  to  speaking  without  notes,  although  I  intended 
to  talk  about  it.  It  would  not  be  popular,  but  I  thought  they  ought 
to  know  what  I  thought.  In  other  words,  there  are  very  few  situa- 
tions in  any  city  in  this  country  which  will  justify  the  construction 
of  a  subway  from  a  financial  standpoint, — which  will  give  it  traffic 
enough  to  warrant  its  construction  and  sup]X)rt  it ;  that  is,  take  care 
of  fixed  charges,  operating  expenses,  including  maintenance  and  de- 
preciation, and  ])ossibly  a  low  amortization  fund. 

There  are  conditions  that  arise  where  we  have  to  construct  su1)- 
ways  wiiether  they  will  support  themselves  or  not.  That  condition 
arose  in  Boston,  as  Mr.  Lake  brought  out,  to  relieve  the  surface 
lines.  They  dip  the  elevated  trains  and  surface  line  cars  under 
ground  through  the  Boston  Conunon ;  then  they  changed  their 
method  of  operation,  and  concluded  they  would  put  another  subway 
down  just  east  on  Washington  Street.  They  then  decided  they 
would  build  over  to  East  Boston,  and  they  have  built  a  subway 
there.  The}'  learned  some  more.  We  all  learn  as  we  go  along.  It 
is  no  rellection  on  anybody.  Then  they  built  the  last  one,  which  is 
the  one  from  the  Common  to  llarviird  Scjuare  in  Cambridge,  where 
they  are  "seven  minutes  to  a  drink,"  as  Mr.  Lake  said,  and,  of 
course,  with  this  advantage  and  being  the  latest  it  is  the  best  subway 
built.  It  is  just  a  rapid  transit  subway,  built  under  the  conditions 
that  we  would  like  to  have  for  every  subway,  namely,  where  the 
traffic  will  support  it.  This  being  ])ractically  between  the  greatest 
suburb  of  Boston  and  I'oston  ])roper,  the  suburb  is  so  large  and 
Boston  so  large  that  there  is  traffic  enough  between  them  to  keep 
that  subway  running,  jterliaps  not  to  its  full  rapacity,  but  to  a  suffi- 
cient capacity  to  warrant  its  construction  from  a  financial  stand- 
point. 

i\t)w  then,  if  we  camiot  give  subways,  as  a  general  ].ropositi<m. 
business  enough  to  supjiort  them,  bow  can  we  get  them?  The  fun- 
damentally just  way  to  get  them  in  oiUlying  districts  wiiere  tliev 
cannot  support  themselves  is  to  assess  the  property  benefited  by 
them.  To  show  you  what  that  means.  Like  the  Interixtrough  Sub- 
way in  New  York.     That  is  the  first  one  l)uilt  in   \ew   York,  and 
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runs  from  New  York  to  Harlem  and  up.  into  the  Bronx.  The  rise 
in  the  vahie  of  real  estate  above  125th  Street  along  that  subway 
within,  I  think,  five  years  after  the  subway  was  constructed,  over 
and  above  the  average  rise  that  the  property  would  have  had,  taking 
the  last  ten  years  preceding  the  construction  of  the  subway  as  a 
basis,  was  such  to  the  abutting  property  owners  (that  is,  the  prop- 
erty owners  along  the  subway  right-of-way,  within  a  couple  of 
blocks)  as  to  be  sufficient  to  more  than  pay  the  entire  cost  of  the 
subway.  The  subway  cost  $75,000,000.  The  rise  in  value  of  that 
real  estate  was  something  over  $80,000,000.  That  is  what  it  means, 
and  that  is  the  benefit  the  real  estate  owners  received  and  they 
should  have  paid  the  cost  of  the  subway  up  into  that  district.  Of 
course,  New  York  is  a  specially  constructed  city,  you  might  say,  a 
long  narrow  city,  and  the  congestion  is  very  great,  and  consequentlv 
it  supported  the  subway  from  the  start,  although  just  barely  so  for 
some  years.  There  was  a  field  for  it.  But  had  there  been  no  one  up 
in  Harlem — and  there  were  not  so  many  there  in  the  district  I  speak 
of — it  would  have  been  perfectly  right  to  assess  the  property  own- 
ers for  the  extension  of  tlie  subway  in  that  district. 

I  am  not  certain  whether  that  method  is  being  used  now  on 
some  of  the  Brooklyn  subways  or  not.  I  advocated  it  there  before 
the  Public  Service  Commission.  There  was  quite  a  discussion  on 
it  and  it  was  quite  seriously  considered.  I  will  not  say  it  is  in  vogue, 
because  I  am  not  sure  it  is,  but  I  have  a  ha.^y  idea  that  there  is 
something  of  that  kind  in  connection  with  one  or  more  of  those 
Brooklyn  extensions  of  the  tri-borough  subway.  I  will  not  make 
the  statement  positively  until  I  check  it  up.  But  the  method  is  in 
vogue  in  San  Francisco  and  is  being  applied  to  two  subways  or  tun- 
nels I  designed  and  recommended  the  construction  of  in  that  city, — 
one  on  Stockton  Street,  a  short  one,  and  the  Twin  Peaks  tunnel,  a 
little  over  two  miles  long.  They  are  constructing  that  subway  under 
the  Twin  Peaks,  and  thus  opening  up  a  great  suburban  district  which 
is  now  inaccessible  to  San  Francisco  and  they  are  assessing  the  prop- 
erty benefited  for  the  entire  cost  of  the  subway.  That  is  the  law 
there.  They  are  in  advance  of  us.  If  we  had  such  a  law  here,  we 
could  have  a  comprehensive  subway  in  a  little  while.  The  property 
owners  would  feel  very  sorry  until  it  began  to  operate,  but  they 
would  be  very  happy  after  awhile  when  they  began  to  get  their  as- 
sessments back  due  to  the  rise  in  the  value  of  their  real  estate.  It 
would  be  a  very  unpopular  thing,  however,  for  an  alderman  or  other 
candidate  for  office  to  advocate  before  an  election. 

G.  C.  D.  Lenth,  m.  w.  s.  e.  :  In  connection  with  the  question  of 
taxing  the  property  benefited  for  the  building  of  subways,  it  occurs 
to  me  that  there  is  a  clause  in  the  Illinois  Statutes  on  Local  Im- 
provements which  might  cover  the  very  point  the  author  brings  out. 

Any  improvement  can  be  constructed  under  the  Local  Improve- 
ments Act  provided  that  it  "enhances  the  value  of  the  adjacent 
property  as  distinguished  from  benefits  diffused  by  it  throughout 
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the  municipality."  The  courts  have  held  that  "the  fact  that  there 
may  be  some  benefit  to  the  public  from  a  given  improvement  does 
not  prove  that  the  improvement  is  not  a  local  improvement."  It 
certainly  appears  to  me,  in  view  of  the  above  language  of  the  Su- 
preme Court  of  the  State  of  Illinois,  that  a  subway  could  and  should 
be  built  by  special  assessment.  The  possibility  of  subway  construc- 
tion is  further  specifically  mentioned  in  Section  42  of  the  Act,  a 
part  of  which  is  as  follows :  "It  shall  be  lawful  to  provide  by  ordi- 
nance for  any  local  improvement  *  *  *  *  ti^^f  tj^g  aggregate 
amount  assessed  and  each  individual  assessment  *  *  *  *  be 
divided  into  installments  not  more  than  ten  (10)  in  number;  pro- 
vided, however,  that  any  such  special  assessment  for  the  building 
of  sewers,  siibivays  *  *  *  *  ^n^y  in. like  manner  be  divided 
into  not  exceeding  twenty    (20)    installments." 

The  Author:    I  hope  you  are  right. 

F.  G.  Vent,  m.  w.  s.  e.  :  I  would  like  to  know  the  author's  view 
on  the  proposed  taking  care  of  transportation  by  elevated  roads.  We 
all  know  that  the  loop  we  have  now  is  not  properly  constructed.  It 
has  been  put  in  with  the  roads  crossing  each  other ;  and  the  through 
routing  north  and  south  would  be  all  right,  to  a  certain  extent,  yet 
we  should  consider  the  north  and  south  trains  that  are  blocked  by 
the  east  and  west  trains  at  the  crossing  points.  Suppose  the  loop 
were  extended  and  double  decked,  and  suppose  it  were  made  of 
Maairi  steel  so  that  less  light  would  be  shut  off;  has  that  question 
been  considered  yet  ?  Another  thing :  Would  the  developing  of 
transportation  by  elevated  structures  increase  property  values  as 
much  as  the  subway  would  ? 

The  Author:  I  have  given  a  great  deal  of  attention  to  the 
question  of  the  rearrangement  of  the  elevated  loop,  also  the  question 
of  the  construction  of  such  a  loop  of  diflferent  material,  although  not 
with  the  exact  view  in  mind  that  the  member  asked  about. 

In  1905  I  made  a  report  to  the  Transportation  Committee  of  the 
Chicago  City  Council  upon  the  subject  of  "Increasing  the  Capacity 
and  Reducing  the  Noise  of  the  Union  Elevated  Railroad,"  known 
as  the  Loop  Elevated,  and  in  that  report  I  showed  methods  of 
through-routing  trains  on  the  elevated  loop  which  are  partially  in 
eflfect  today,  although  I  do  not  think  the  plan  that  was  adopted  is 
quite  as  good  as  the  one  I  recommended,  because  I  do  not  think 
there  would  be  the  congestion  there  is  now  if  all  of  the  recommenda- 
tions of  my  report  had  been  followed.  However,  the  elevated  engi- 
neers are  here  and  they  presumably  know  better  than  T  do.  I  know 
they  have  not  tried  my  scheme  yet,  .so  I  am  free.  Plate  XXXI  shows 
the  method  of  routing  I  recommended. 

In  that  report  I  recommended  that  the  elevated  structure  be 
double-decked  at  the  corner  of  Lake  Street  and  Fifth  Avenue,  an«l 
at  the  corner  of  Van  Burcn  Street  and  Fifth  .\ venue,  so  that  the 
Northwestern  trains  would  come  straight  through  down  the  I'ifth 
Avenue  side  and  thence  cast  on  \'an  P.uren  Street,  and  thence  south 
on  the  South  Side  elevated.     The  South   Side  trains  would  come 
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north  on  the  Wabash  Avenue  side,  thence  west  on  Lake  Street  and 
thence  north  on  the  Northwestern.  The  inside  tracks  of  the  loop 
would  be  elevated  over  the  outside  tracks  at  Lake  Street  and  Fifth 
Avenue,  and  the  outside  tracks  would  be  elevated  over  the  inside 
tracks  at  Fifth  Avenue  and  Van  Buren  Street.  The  Metropolitan 
and  the  Lake  Street  cars  were  to  loop.  The  Northwestern  and  the 
South  Side  cars  were  to  run  through  as  they  now  do,  but  I  had  the 
cars  on  the  two  tracks  running  in  opposite  directions  on  the  loop, 
which  in  my  judgment  would  be  more  convenient  for  the  people 
than  the  present  arrangement.  I  did  not  have  a  single  grade  cross- 
ing on  the  loop.  1  thus  eliminated  completely  the  congestion  then 
due  and  now  due  to  the  intersections.  Of  course,  some  objection  was 
made  to  the  double-deck  structures  in  the  streets.  We  cannot  ad- 
vocate anything  that  there  is  no  objection  to,  and  those  who  talk  the 
loudest  sometimes  defeat  the  best  thing,  although  they  may  not  have 
as  full  information  as  some  others. 

But  that  is  what  I  recommended  at  that  time.  If  you  eliminate 
the  intersecting  points  by  elevating  the  tracks,  you  have  practically 
two  double-tracked  railroads,  one  running  from  north  to  south  and 
the  other  from  east  to  west,  and  that  arrangement  gives  maximum 
capacity.  Under  this  plan,  if  all  trains  were  through-routed  and  the 
station  platforms  extended,  I  showed  that  the  increased  capacity 
would  be  about  100%  more  than  the  method  of  independent-loop 
operation  then  in  use  would  give. 

At  the  same  time  I  advocated  the  enclosing  of  the  present  loop 
structure  in  reinforced  concrete,  so  as  to  deaden  the  noise  partially, 
and  to  strengthen  it  so  as  to  carry  the  additional  roadbed.  (See 
Plates  XXXil,  XXXIII  and  XXXIV.)  I  planned  to  put  the  ties 
in  a  bed  of  crushed  stone,  supported  upon  concrete  slabs  having 
aprons  built  up  at  each  side  of  the  structure  to  the  level  of  the  car 
floors,  coming  to  about  level  with  the  car  platforms  as  shown  in 
detail  in  Plate  XXXIII.  I  claim  that  with  concrete  reinforcement 
over  the  present  steel  structure,  and  these  aprons  as  part  of  the 
Structure  extending  continuously  at  the  sides  of  the  cars,  we  would 
so  reduce  the  noise  and  so  confine  what  was  left  of  it  underneath 
the  bodies  of  the  cars  as  to  practically  eliminate  the  noises  of  the 
loop  which  are  now  so  "objectionable  as  they  reverberate  around 
and  through  the  buildings  adjoining  the  loop  structure. 

At  the  time  these  recommendations  were  made,  some  of  my  rail- 
road friends  got  up  before  the  Transportation  Committee  of  the 
City  Council  and  said  it  was  absolutely  impossible  to  make  concrete 
stick  to  an  elevated  steel  structure  under  vibration  such  as  this 
structure  had  to  stand.  Nevertheless,  while  I  do  not  know  that  it 
had  been  done  at  that  time,  I  do  know  that  many  railroads  in  the 
country  have  since  reinforced  steel  structures  in  the  way  I  then  rec- 
ommended and  the  concrete  is  hanging  on  well :  also  that  other  ele- 
vated  railroad  structures  have  been  similarly  reinforced  since,  so  it 
my  elevated  railroad  friends  have  the  desire  and  the  money  they 
can  also  do  it.  and  deaden  the  noise. 

April,  1914 


360 


Discussion — City  Transportation. 


■JL 


.    ^4,I.^T:.l.i-r^T|:.:g 


T  '  T    ^ 


5  * 


g  S  2 


e 

o    » 

tc  S 

c 

2  £ 


Vol.  XIX..  No.  4 


Discussion — City  Transportation. 


361 


Have  I  answered  your  question? 

Mr.  Vent:    Yes. 

In  regard  to  increasing  the  property  values.  Suppose  you  take 
your  Madison  Street  subway,  loop  around  Grant  Park  and  your 
through-route  Clark  Street  subway,  running  from  18th  to  Elm 
Streets,  and  instead  of  that  subway  put  in  a  modern  elevated  struc- 
ture. Would  that  increase  property  values  as  much  as  the  subway 
would  from  the  statistics  ^•ou  have  now  ? 
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Transverse  Section  of  Typical  Loop   Span  with   Concrete  Steel   Reinforcement   and 

Track  Enclosures. 

Plate  XXXIII. 


The  Author:  If  you  have  listened  to  the  arguments  of  the 
Loop  Protective  Association  of  this  city,  as  to  how  much  the  ele- 
vated structure  has  decreased  the  value  of  Wabash  Avenue  property, 
you  might  have  your  question  answered,  perhaps. 

Mr.  Vent:  I  realize  that  the  Wabash  Avenue  elevated  is  not 
properly  designed,  too  many  cross-overs,  and  too  much  congestion. 
That  could  be  remedied  by  proper  construction. 
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The  Author:  I  agree  with  you  entirely  that  an  elevated  struc- 
ture could  be  erected  wliich  would  be  much  less  noisy  than  the  pres- 
ent one,  and  such  a  structure  would  not  be  nearly  as  objectionable  as 
the  present  type  of  structure;  but  as  to  whether  or  not  the  property 
owners  would  consider  it  an  advantage  or  disadvantage  to  the  prop- 
erty, I  am  not  prepared  to  say.  My  opinion  is  they  would  consider 
it  a  disadvantage  because  of  the  view  that  has  always  been  taken 
in  this  city  against  elevated  structures.    Plates  XXXV  and  XXXVI 
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Trans veise  Section  of  Suggested  Concrete  Stnieture. 
Plate  XXXV. 

show  such  a  structure,  this  design  being  what  I  suggested  in  my 
1905  report  for  new  elevated  railroad  structures  in  case  they  were 
built. 

In  my  1902  report  I  said  one  way  of  increasing  the  capacity  of 
these  elevated  roads  was  to  build  four  loops, — by  cutting  the  present 
loop  in  two  and  giving  each  elevated  road  a  separate  loop  in  the 
business  district.  This  could  be  done  by  building  an  elevated  struc- 
ture above  Clark  Street,  from  Van  Buren  to  Lake  Streets,  and  one 
above  Monroe  Street,  from  Fifth  Avenue  to  Wabash  Avenue.  But 
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I  knew  the  suggestion  would  not  be  accepted,  and  I  said  so.  The 
sentiment  of  the  community  is  against  additional  elevated  structures, 
at  least  in  the  present  congested  business  district,  and  probably 
that  is  an  exaggerated  antagonism,  due  to  the  fact  that  improper 
elevated  structures  have  been  built  here.  I  do  not  mean  by  that 
statement  that  they  were  not  all  right  at  the  time  they  were  built, 
because  they  were  up  to  the  engineering  practice  of  that  date,  but 
I  do  think  that  if  an  elevated  structure  could  be  built  now  along 
modern  lines  and  the  lines  suggested,  it  would  be  much  less  objec- 
tionable to  the  people,  and  it  is  possible  that  their  objections  might  be 
overcome,  and  that  they  might  permit  an  elevated  structure.  But 
I  have  never  dared  to  hope  for  that,  and  have  never  advocated  the 
extension  of  the  elevated  structure  in  the  congested  district.  There 
is  no  doubt  that  an  elevated  structure  could  be  made  to  take  care  of 
the  traffic,  but  I  do  not  think  it  would  increase  tlie  value  of  the  prop- 
erty as  the  subway  would. 

Mr.  Vent:  What  is  the  ratio  of  cost  of  a  subway  to  an  elevated 
structure?    I  believe  it  is  at  least  three  to  one. 

The  Author:  A  subway  would  cost  from  two  to  three  times, 
per  mile  of  single  track,  what  a  standard  elevated  road  would  cost. 

Mr.  Vent:  I  wanted  to  get  your  opinion  as  to  economic  condi- 
tions, disregarding  the  people  along  the  streets,  for  the  benefit  of 
people  away  out  who  probably  do  not  own  any  property  there,  and 
who  do  not  have  their  business  in  certain  congested  districts.  As 
an  economic  proposition,  don't  you  think  the  elevated  proposition 
would  be  the  cheapest  ? 

The  Author :  Without  any  doubt  it  would  be  the  less  expensive 
method. 

Mr.  Vent:  Such  a  plan  would  probably  serve  the  community  at 
large  as  well,  would  it  not? 

The  Author:  This  is  what  I  have  said  in  my  statement,  that 
what  we  were  trying  to  do  here  was  to  build  just  enough  subway  to 
meet  the  situation  in  such  territory  where  it  could  be  supported, 
utilizing  the  elevated  structures  in  such  territory  as  they  occupy  for 
rapid  transit  lines,  because  they  then  would  take  the  place  of  sub- 
\vays.  I  firmly  believe  the  logical  plan  for  a  subway  system,  if  we 
are  acting  on  a  plan  which  will  be  most  acceptable  presumably  to  the 
people,  is  a  subway  in  the  most  congested  district,  an  elevated  struc- 
ture in  the  next  most  congested  district,  then  surface  lines  from  that 
point.  That  is  in  the  order  of  he  economics  of  the  thing.  As  time 
goes  on  and  people  will  not  longer  countenance  the  elevated  road,  it 
will  have  to  be  taken  down  and  put  in  the  ground.  That  has  never 
been  done  yet  anywhere  that  I  know  of,  but  this  is  what  they  talk. 
1  am  not  certain  at  all  that  they  will  take  away  this  loop  structure  or 
that  they  will  take  down  any  of  this  elevated  railroad,  but  by  means 
of  subways  they  will  increase  the  capacity  of  this  downtown  district 
into  which  they  cannot  bring  more  elevated  tracks. 

Now,  as  an  elevated  investment,  you  can  afTord  to  invest  from 
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two  and  a  half  to  four  dollars  in  surface  lines  properties  for  every 
dollar  of  gross  receipts  you  take  in.  For  an  elevated  road,  from 
four  to  six  dollars.  In  a  subway  you  can  afiford  to  invest  from  six 
to  ten  dollars  for  every  dollar  of  increased  gross  receipts.  Thi.s 
is  for  the  reason  that  on  a  surface  street  car  line,  while  the  first  cost 
of  it  is  less,  the  rate  of  speed  is  lower,  and  the  platform  expense  is 
higher.  On  such  roads  unit  cars,  as  a  rule,  are  run  so  you  must 
have  a  motorman  and  a  conductor  for  each  car. 

The  speed  being  low,  the  capacity  is  lower  than  an  elevated  road, 
and  much  lower  than  a  subway.  Consequently  you  can  only  afford 
to  invest  a  certain  amount  of  money  or  from  two  and  a  half  to  four 
dollars  for  each  dollar  of  gross  receipts.  On  an  elevated  road  trains 
arc  longer  and  you  can  run  them  faster.  One  conductor  is  suffi- 
cient for  a  train,  and  a  guard  for  every  two  cars.  When  the  platform 
e.xpense  runs  down  you  also  carry  more  people,  so  you  can  afford 
to  invest  more  dollars.  In  other  words,  your  operating  expenses  are 
lower.  In  the  subway,  where  you  can  run  high  speed  ten-car  trains 
at  frequent  intervals,  because  you  have  no  street  obstructions  or 
heavy  grades,  you  can  afiford  to  invest  from  six  to  ten  dollars  for 
each  dollar  of  gross  receipts  because  you  can  carry  the  people  so 
much  cheaper,  but  the  people  must  be  there  to  carry.  You  run  a 
ten-car  train  loaded  with  people,  say  seven  or  eight  miles,  in  a  very 
short  space  ofl  time,  and  you  do  that  with  one  motor  man  and  with 
four  or  five  guards.  You  run  very  rapidly,  you  only  consume  a 
short  space  of  time,  therefore  the  services  of  those  men  who  are 
running  the  train  have  only  been  required  for  a  short  space  of  time. 
At  the  end  of  the  run  yon  reverse  that  train  and  those  men  are  kept 
busy  all  day  long  running  up  and  down  at  high  speed,  earning  more 
for  the  company  for  their  daily  wage  than  they  could  on  surface 
oi  elevated  lines,  and  that  is  why  you  carry  people  cheaper  than  on 
the  elevated  roads  and  cheaper  than  you  do  on  the  surface  cars. 

Mr.  Vent:  I  think  on  the  elevated  road  you  can  run  from  Con- 
gress Street  to  Indiana  Avenue  in  seven  minutes.  That  is  about  as 
far  as  from  Harvard  Square  to  Park  Street,  Boston.  There  is  no 
reason  why  you  cannot  run  elevated  trains  as  fast  as  in  the  subway. 

The  Author:  No,  there  is  no  reason  if  the  railroad  is  as  good, 
but  there  is  some  hesitation  about  running  as  fast  in  the  air  as  in 
the  ground.  It  is  a  fact  they  do  not  run  elevated  trains  as  fast  as 
they  do  subway  trains.  The  only  reason,  taking  the  ordinary  con- 
dition, is  the  idea  of  the  sense  of  safety.  Take  the  interborough 
subway.  The  average  speed  of  express  trains  is  a  little  over  24  miles 
per  hour.  The  average  speed  of  local  trains  is  about  13  miles  per 
hour.  The  average  speed  over  the  South  Side  elevated  roads  here 
used  to  be  13  miks  per  hour.  I  do  not  know  just  what  it  is  now. 
There  was  one  time  when  the  multii)le  luiit  scheme  of  train  control 
was  first  put  on  that  road  that  the  average  special  was  about  19 
miles  per  hour.  I  think  the  speed  is  now  about  13  miles  per  hour 
on  the  local  trains. 
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Mr.  Vent:  Take  the  express  service,  there  the  average  speed 
is  practically  the  maximum. 

Seven  minutes  from  Congress  Street  down  to  Indiana  Avenue 
station  would  be  four  miles  in  seven  minutes,  about  30  miles  an  hour. 

/.  R.  Bibbins:  The  speed  is  about  14  miles  for  the  local  trains 
and  about  18  miles  for  the  express  trains,  including  stops. 

The  Author:  There  are  some  stops.  Mr.  Bibbins  says  the 
average  speed  of  the  locals  is  about  14  miles,  and  of  the  express 
trains  18  miles  per  hour.  Of  course,  if  you  run  far  enough  and 
do  not  stop  you  get  a  high  average  speed,  but  I  am  speaking  of  the 
interborough  subway.  They  have  stops  not  over  a  mile  apart.  They 
•  will  not  average  a  mile  apart,  I  believe,  and  still,  averaging  a  stop 
every  mile  or  less  than  that,  they  make  an  average  speed  of  24 
miles  per  hour.  The  maximum  speed  is  37  miles  per  hour,  unless 
they  get  a  down-grade  run,  when  they  secure  40  miles,  but  the 
motors  are  only  wired  to  run  37  miles  per  hour,  and  with  a  straight- 
away run  that  is  what  they  make.  But  in  riding  in  that  subway 
one  feels  some  sense  of  security,  while  up  on  an  elevated  structure, 
going  37  to  40  miles  an  hour,  one  thinks  he  is  going  very  fast. 

Mr.  Vent:  I  would  rather  be  on  the  elevated  than  in  the 
subway. 

The  Author:  I  do  not  want  to  argue  that  question,  for  it  is 
a  matter  of  personal  opinion.  You  are  not  confined,  that  is  true, 
as  you  are  in  the  subway. 

Here  is  an  interesting  statement  on  the  subway  question : 

"When  New  York  was  the  same  size  as  Chicago  now  is,  it 
earned  only  $22,000,000  per  year  in  transportation.  Chicago 
earns  $35,000,000,  including  surface  and  elevated  lines." 
The  two  cities  are  on  an  entirely  different  plane  of  earning 
capacity.  As  I  pointed  out  before.  New  York  is  a  long,  narrow 
city,  greatly  congested.  Chicago  is  fanned  out.  But  the  statement 
that  Chicago  earned  $35,000,000,  as  against  New  York's  $22,000,000 
when  of  the  same  size  as  Chicago,  does  not  mean  exactly  what  it 
might  seem  to  mean.  It  simply  means  that  the  methods  of  trans- 
porting passengers  were  different  and  that  the  riding  habit  had  not 
been  developed  in  New  York  at  the  time  it  was  the  size  Chicago 
now  is,  to  what  the  Chicago  riding  habit  now  has  developed.  I 
think  if  we  were  to  put  a  subway  down  in  New  York  today,  and 
then  put  a  subway  down  in  Chicago  when  it  has  reached  New  York's 
present  population,  there  would  not  be  that  difference,  because 
the  methods  of  transportation  are  now  the  same  and  they  have  de- 
veloped the  riding  habit  there  to  about  the  greatest  extent  they 
possibly  can,  with  the  present  capacity  of  the  subway. 

A  Member:     I  would  like  to  ask  one  question,  if  I  may.     It 

seems  to  me  that  if  we  could  stir  up  public  opinion  to  close  the 

loop  district  to  standing  vehicles  and  use  it  for  street  cars,  we  could 

help  the  situation  at  the  present  time  while  waiting  for  subways. 

The  Author:     I  have  an  idea  that  I  think  is  better  than  that, 

April,  1914 


368  Discussion — City  Transportation. 

though  it  may  not  be.  It  could  be  put  into  effect  at  once  if  we  saw 
fit  to  do  it.  In  designing  these  subways  it  would  be  possible,  and  I 
have  already  projxjsed  it  before  the  City  Council  Committee,  to 
utilize  the  space  below  the  street  surface  and  over  the  low  level 
subways  for  automobile  storage.  For  instance,  if  we  had  a  north 
and  south  subway  under  Clark  Street  and  another  one  under  State 
Street,  the  east  and  west  subways  would  presumably  be  at  a  low 
level.  They  would  have  to  descend  to  go  under  the  river,  and 
being  down,  they  could  pass  under  the  Clark  Street  subway  and 
the  State  Street  subway  to  Michigan  Avenue.  There  would  thus 
be  quite  a  considerable  area  in  the  east  and  west  streets  between 
Clark  and  State  Streets  alx)ve  this  low  level  subway  and  below  the 
street  surface  which  could  be  used  for  automobile  storage,  if  means 
were  provided  for  getting  automobiles  up  and  down.  It  is  per- 
fectly feasible  to  get  store  entrances  in  private  stores  off  the  main 
streets  or  alleys  for  hydraulic  lifts.  In  that  way  you  would  have 
the  entire  area  between  the  east  and  west  subways  available  for 
automobile  subways.  I  have  no  doubt  that  a  valuable  concession 
could  be  granted  by  the  city  to  private  parties  for  the  use  of  that 
space  if  it  were  worked  up,  and  that  it  could  be  handled  so  as  to 
make  a  very  good  revenue  to  the  city  of  Chicago,  or  it  could  be  made 
a  municipal  enterprise.  I  propose  to  talk  more  about  it  when  we 
get  into  it,  but  that  is  merely  a  suggestion  in  the  way  of  increas- 
ing the  capacity  of  our  streets  throughout  the  congested  business 
district  in  a  way  it  seems  to  me  possible  to  produce  commercial 
results,  and  at  the  same  time  make  a  man's  automobile  available  to 
him  somewhere  near  his  office. 

A  Mrmbcr:  I  do  not  think  that  quite  answers  my  question.  At 
the  present  time,  even,  while  we  are  constructing  subways,  is  it 
possible  to  do  away  with  the  standing  vehicle  traffic  during  the 
rush  hours? 

The  Author:  Not  unless  you  take  them  all  over  to  Grant  Park. 
The  Park  officials  are  not  exactly  in  accord  with  that  arrangement, 
although  they  have  allowed  it  to  some  extent.  It  is  a  question  I 
do  not  think  any  man  could  answer  off-hand.  Of  course,  it  is  pos- 
sible for  the  city  authorities  to  bar  all  vehicles  from  a  certain  dis- 
trict, but  tlie  question  is  whether  that  is  just  exactly  the  thing  to 
do  or  not.  The  question  of  discrimination  comes  in,  and  it  seems 
to  me  that  if  tluy  did  that  they  would  have  to  bar  horses  and  wheel- 
barrows and  b.'inana  carts,  and  everything  of  that  kind.  I  think 
we  will  have  to  treat  the  m.'itter  a  little  more  fairly. 
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Plafe  1 


Map  I 

Showing   Recommended   Location    of    Subways 

to  be  First  Constructed,  being 

Step  1  of  Plan  1 


NOTE.— As  soon  as  the  subways  shown  herwn  have  been  com- 
pleled.  transfer  privileges  now  prohibiteJ  in  ihe  bieioess  Jisiixt  t-y 
the  Feb.  11.  1907.  orjinances  must,  unjer  lhetermsofiheseo<JniaiKV>. 
be  given. 
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PL-^TE  2. 

INITIAL  ROUTES  FOR  SURF.-\CE  LINE 
SUBW.WS. 

1.    Clark  street  subway 

Total  estimated  cost $11,500,000 

■2.     Washington   street,    Michigan   avenue. 
Jackson  boulevard  subway 

Total  estimated  cost 7,000,000 

3     Grant    Park    terminal    additional    to 

item  No.  2 U76,000 

Total  estimated  cost  as  of  Jan. 

15,  1914    $19,776,000 

as'  provided  for  in  the  1907  ordinances  and  as  recom- 
mended by  the  Board  of  Supervising  Engineers  in 
its  report  to  the  Committee  on  Local  Transportation 
of  the  Chicago  Citv  Council,  October  29.  1913. 
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PLATE  3. 

Robey  street  from  ?a\h  street  to  4Gth  street. 

California  avenue  from  Fulton  street  to  Grand  avenue. 
Accompanying  supplemental  report  on  subway  additions  and  extensions  made 
by  the  Board  of  Supervismg  Engineers  to  the  Committee  on  Local  Transpor- 
tation, Chicago  City  Council,  January  15,  1914. 
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PLATE  IV. 
Supplemental  map  to  the  RecMO- 
mendations  of  the  Board  of 
Supervising  Engineers  on  initial 
routes  for  surface  line  snbwajrj 
under  the  1907  ordinances,  pib- 
mitted  to  the  Council  Commit- 
tee on  Local  Transportation, 
October  29,  1913,  showing 
recommendations  made  therein 
as  to  opening  North  and  Sotith 
Robey  street  and  North  Ashland 
avenue  for  the  purpose  of 
through  street  railway  and  other 
traffic. 

October  30,  1S13. 
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AND 
EXTENSIONS 

PROPOSED  STATIONS 

PLATE  5.  . 

Showing  initial  routes,  additions  and  extensions  which  are  parts  of  the  ultimate  future  comp^^^^^^^^^^^ 
.ubway,  all  Is  contained  and  referred  to  in  the  report  and  ^«<^2"^■"^"''?.  °"f-°J  '^^  fan  15  19" 
Engineers  made  to  the  Committee  on  Local  Transportation,  Chicago  City  Council,  Jan.  15,  1»14. 

[For  estimated  costs,  see  pages  11  and  12.] 
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Map  II.  Showing  Step  2  of  Recommended 
Plan  1.  Accompanying  the  Report  of  Bion  J. 
Arnold  on  Recommendations  and  General  Plans 
for  Subways  for  the  City  of  Chicago,  January, 
1911. 
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Map  IV 
Showing  Step  No.    3  of   Recommended  Plan  No.  1 
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Map  III 

Showing  Steps  Nos.  1  and  2,  Combined — 

of  Recommended  Plan  No.  1 


4,AKS 


M/CH/GA^r 


kv(«s    pn>^tJv<i    MK 


Westibm  Society  or  EjKnroKi 

Vol  XIX.     No.  4.  Apr,  1*14. 

Arnold — City  TraniportMion. 

Plate  X 


M.*p  IX 

Showing  Steps  Nos.  1,  2,  3,  4  and  5  of  Recommended 

Plan  No.  1  and  a  portion  of  Plan  No.  2  Combined, 

as  well  as  Connections  on  Michigan  Avenue  for 

General  Through  Routing  of  all  Elerated  and 

Subway  Cars 
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Map  VII 

Showing  the  Possible  Future  Expansion  o(  ReconuDciMkd 

Plan  No.  1,  of  which  Steps  Nos.  1  anJ  2 

form   the    Nucleus 
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Plate   No.  2 

Showing  Passenger  Station  at  Intersection  of  State  Street 

J  Jackson  Boulevard,  looking  North  in  State  Street 

(High  Level  Subway  in  State  Street) 

(Low  Level  Subway  in  Jackson  Boulevard) 


NOTE— This  drawing  represents  the  type  of  station  which  may  be 
used  at  Madison  and  Slate  Streets  with  slight  modifications,  and  shou-s 
Iht?  sidewalks  increased  tu  25  feel  in  width. 
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Plate  No.  11 

SliowitiR  Passenger  Station  at  Jackson  BoulevarJ 

and  State  Street,  looking  north  in  State  Street 

Showing  Escalators  and  Under-passageways 

Connecting  all  Platforms 


NOTE— This  type  of  station  would  be  necessary  in  cas 
decided  not  to  widen  the  sidewalks  slightly,  as  required  for  the  i 
mended  typical  station  shown  on  Plate  No.  Z. 
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TYPICAL  CROSS-SECTION  THROUGH  STATION 

FOR 

PROPOSED  STREET  RAILWAY  SUBWAY 
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j       Showing  Typical  Cross  Section  of  a  4-Track  Subway 
I  in  an  80-ft.  Street 

I  And  also  Showing  Space  Available  for  Utilities, 

Methods  of  Ventilation  and  Drainage 


J.    ARNOLD 


NOTE. — The  space  for  utilities  as  shown  is  a  minimum  and  widens 
between  stations. 
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Plate  No.  8 

SliowinR  Passenger  Station  with  Mezzanine  Floor 

at  Monroe  Street,  in  Michigan  Avenue 

looking  north  at  Adatns  Street 
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PLATE  22.  RELATION  OF  CONDITION  OF  THOROUGHFARES  TO  RAILROAD  OCCUPANCY. 
Showing  the  area  occu>ife(l  by  railroads  in  the  down  town  district  and  the  effect  upon  conditions  of  thoroughfares.  Of  the  streets  entering  the  business  district  from 
the  south,  State,  Wabash  Pi  I  Michigan  Avenue  alone  are  unobstructed.  The  only  remaining  street  east  of  the  river  (Clark  Street)  is  obstructed  by  artificial  grades  at  viaduct 
approaches  and  in  the  vici)  y  of  Fourteenth  Street  by  a  retaining  wall  projecting  into  the  street.  West  of  the  river,  Canal  Street  provides  practically  the  only  unobstructed 
approach  from  the  south.  I  fferson  Street  crosses  railroad  tracks  at  grade  in  the  vicinity  of  Sixteenth  Street,  and  Clinton  Street  is  dead-ended  at  Maxwell  Street.  Toward  the 
north,  Jefferson,  Clinton  an(  ^anal  Streets  all  cross  railroad  tracks  at  grade.  With  the  exception  of  two  streets,  there  are  no  east  and  west  thoroughfares  crossing  the  railroad 
property  south  of  Harrisor  street,  and  these  two,  Twelfth  and  Eighteenth  Streets,  are  carried  over  railroad  tracks  on  viaducts  or  under  them  in  subways,  so  that  their  usefulness 
is  much  impaired.  Polk  ail  Taylor  Streets  are  impassable  as  straight  through  thoroughfares,  and  neither  can  be  used  at  all  without  ascending  4^  or  5  per  cent  grades  at  viaduct 
approaches.    This  condition:  uses  a  great  volume  of  traffic  to  choose  Harrison  Street  on  account  of  its  lower  grade. 
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PLATE  24.     WEST  SIDE  UNION   STATION  AT  HARRISON   STREET. 
This  alternative  plan  shows  a  double  stub  station  located  south  of  Harrison  Street.     All  tracks  in  the  Canal   Street  strip  are   depressed.     The  river  is  straightened   from  Harrison  Strett  south. 
ana    Market    and    i-ranklin    Streets    are    extended    southward    as    "River    Roads."      Ample    coach    yards,    team    tracks    and    double    deck   freight   houses   are   provided   for.     Many   streets   are  opened 
and   widened.     Canal    Street    is    double    decked    from    Monroe    Street    to    15th    Street.      Rail    and    water    connections    are    available    on   the   west  side  and   dock   facilities   on   both   sides  of  the  new 
Channel,     buburban  tracks   may   either   be   placed   between    Canal    Street  and  the  main  station  tracks,  at  the  main  track  level,  or  else  at  subway  level,  as  in  Plate  XXVI. 
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PLATE  26.    WEST  SIDE  UNION  STATION  AT  ADAMS  STREET. 


This  suggested  plan  shows  a  double  stub  station  at  Adams  and  Canal  Streets  for  the  present  use  of  the  Union  and  Grand  Central  groups  of  roads,  and  the  future  use  of  western  and  northern  roads  only. 
Ihe  river  is  to  be  straightened  from  Van  Buren  Street  south.  Suburban  service  will  ultimately  be  handled  in  a  subway  beneath  the  main  tracks  and  next  to  the  river.  Many  streets  are  opened  and 
widened  and  a  new  Kiver  Road  is  added  along  the  west  bank  of  the  river.    Alternate  plans  are  shown  for  yard  development,  in  one  case  providing  team  tracks  and  no  coach  yards,  and,  in  the  other,  coach  yards. 
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MAP  OF  STEAM  RAILWAY  LINES  IN  THE  VICINITY  OF  PITTSBURGH. 


•4^  This  diagrammatical  map  of  the  district  around  Pittsburgh  conveys  a  clear  conception  of  the  extent  of  steam  railroad  trackage  and  the  limited  avenues  of  entry 
into  Pittsburgh  proper.  The  irregular  routes  of  most  of  the  lines  also  emphasize  the  difficulties  encountered  in  meeting  the  rugged  topography  of  the  district.  A  striMng 
feature  of  this  development  is  the  paralleling  of  all  four  rivers  by  railroad  lines.  With  one  exception,  the  Wabash,  all  lines  follow  the  nver  levels  mto  the  city,  ana  11 
is  owing  to  the  fact  that  these  bottom  lands  have  long  been  completely  preempted,  that  the  Wabash  line  was  forced  to  pierce  the  South  Hills  in  order  to  gain  errecine 
entry  into  Pittsburs'Vi     tu^  «---       "^'--i-  !;„«.  reoresents  the  tracks  over  which  through  suburban  and  main  line  trains  are  operated. 
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WIND  LOADS  ON  BUILDINGS 

Albert  Smith,  m.  w.  s.  e. 

Presented  December  8,   1913,  before    the    Bridge    and   Structurafi 

Section. 

INTRODUCTION. 

On  October  7,  1912,  the  writer  presented  before  this  Society 
the  results  of  a  series  of  tests  to  determine  the  distribution  of  wind 
loads  on  buildings.  These  tests  were  confined  to  mill-buildings — 
that  is,  structures  without  floors  between  ground  and  roof.  The 
data  obtained  from  these  tests  indicated  that  the  common  assump- 
tions in  regard  to  wind  loads  did  not  come  very  near  to  the  actual 
conditions,  and  the  writer  thought  that  the  summation  of  his  results 
would  be  interesting  and  valuable  to  the  men  engaged  in  the  design 
of  such  buildings.  Wind  stresses  in  mill-buildings  are  of  only 
moderate  importance,  however,  and  the  greatest  value  of  these 
tests  seems  to  lie  in  their  suggestiveness  in  regard  to  larger  struc- 
tures, such  as  drill  halls  and  train-sheds.-  Accordingly,  tests  were 
carried  out  last  spring  on  roofs  of  this  type,  the  results  of  which 
are  herewith  presented. 

THE  MODEL. 

A  roof  of  semi-circular  section,  6  ft.  span^nd^J^O^ft.  long,  was 
constructed  and  covered  with  tin[  Thfs  roof  was  mounted  on 
walls  5  ft.  high,  made  of  two-by-six  lumber,  tongued  and  grooved. 
AfteTTaclTset  of  observations,  the  roof  was  lifted  and  6  in.  of  the 
walls  taken  off.  The  use  of  tongued  and  grooved  stufif  made  the 
walls  comparatively  tight,  and  also  made  them  somewhat  stiff  when 
an  end  or  side  was  omitted  in  the  course  of  the  tests.  At  a  middle 
section  of  the  building,  holes  were  bored  about  1  ft.  apart  in  the 
walls  and  roof,  the  row  extending  from  ground  to  ground.  These 
holes  were  about  ^  in.  in  diameter,  and  in  the  roof  a  short  nozzle 
was  soldered  on  the  inside.  A  series  of  holes  at  various  levels 
were  also  carried  completely  around  the  house. 

PRESSURE  REGISTERING  INSTRUMENT. 

Figure  1  shows  the  general  construction  of  the  pressure  regis- 
tering instrument.  A  concrete  base  was  set  in  the  ground,  and  upon 
it  was  placed  a  cast-iron  plate.  On  this  plate  was  set  another  cast 
plate  planed  on  the  upper  side  and  equipped  with  set  screws  in  the 
corners.  This  upper  plate  was  brought  to  an  exact  level  by  means 
of  a  delicate  level.  (Fig.  2.)  On  the  upper  plate  were  placed  two 
iron  wedges  dift"ering  a  known  amount  in  their  heights.  On  the 
wedges  the  instrument  was  placed. 

The  angle  forming  the  base  of  the  instrument  was  planed  on 
the  bottom  and  on  the  upper  edge.  The  glass  tubes  were  then 
placed  in  the  rack  attached  to  the  base  angle,  and  separated  by 
spacers  of  equal  thickness.     Great  care  was  used  to  make  the  tubes 
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Fig.  2.     Showing  Level. 

istraight  in  side  elevation ;  that  is,  to  turn  them  until  all  their 
curvature  was  in  planes  normal  to  the  rack.  The  space  between 
and  back  of  the  tubes  was  then  filled  with  plaster  of  paris.  Tin 
reservoirs  3  in.  by  3  in.  by  1  in.  were  soldered  to  the  sheet  iron 
which  formed  the  back  of  the  rack.  These  reservoirs  were  placed 
in  sloping  rows  on  the  back,  so  that  when  the  whole  instrument  was 
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tilted  %  in.  in  10  in.,  a  horizontal  plane  passed  through  the  center 
of  any  tube  at  the  middle  would  also  pass  through  the  middle  of 
the  walls  of  the  reservoir  belonging  to  that  tube. 

Connection  between  the  scale  tubes  and  their  reservoirs  was 
made  by  bent  tubes  running  around  the  back  of  the  instrument, 
and  joined  to  the  scale  tubes  at  their  lower  ends  by  splices  cemented 
by  fish  glue.  The  reservoirs  were  filled  with  Ji:gXQsene  because  of 
its  slow  evaporation  and  safety  from  freezing.     Convenient  length 
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Fig.  3.     Calculations  of  Value  of  Units  on  the  Scale. 

units  were  then  marked  off  on  the  surface  of  the  plaster  of  paris 
between  the  tubes.  The  upper  ends  of  the  scale  tubes  were  con- 
nected to  the  holes  in  the  roof  and  walls. 

In  selecting  the  scale  tubes,  great  care  was  used  to  secure 
tubes  of  the  same  inside  diameter  and  of  uniform  diameter  from 
end  to  end. 

The  calculations  of  the  value  of  the  units  on  the  scale  in 
pounds  per  square  foot  arc  shown  in  Fig.  3. 
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TAKING  THE  OBSERVATIONS. 

In  all  obervations  taken  during  the  continuance  of  these  tests, 
the  Pitot  tubes  described  below  were  connected  to  the  first  two 
tubes  on  the  instrument.  Thus  the  velocity  of  the  wind  was  de- 
termined for  each  observation. 

When  everything  was  in  readiness,  the  instrument  was  adjusted 
to  zero,  and  the  tubes  from  the  various  points  on  the  house  were 
connected  to  it.  A  small  card  was  made,  bearing  a  large  figure. 
This  was  set  on  a  conspicuous  part  of  the  instrument.  A  second 
card  was  made,  bearing  the  same  number  as  the  first  and  having 
on  it  a  diagram  of  the  house,  showing  the  points  on  the  house  num- 
bered to  correspond  to  the  number  of  the  tube  on  the  instrument 
to  which  that  particular  point  was  connected.  When  that  was 
finished  the  house  was  closed  tightly  all  around  to  prevent,  as  far  as 
possible,  the  passage  of  air  to  and  from  the  outside,  as  well  as  to 
shut  out  any  light  that  might  interfere  with  a  photograph. 

Then  an  observer  on  the  outside  of  the  house  gave  a  signal 
when  the  wind  had  attained,  as  nearly  as  possible,  a  uniform 
velocity,  and  a  flash  light  photograph  was  taken  of  the  front  of  the 
instrument.  A  second  was  taken  to  insure  a  good  plate.  These 
photographs  were  taken  on  glass  plates  5  in.  by  7  in.  and  the  results 
were  read,  showing  the  amounts  of  the  pressures  at  various  points. 

After  each  observation,  or  set  of  observations,  the  instrument 
was  disconnected,  and  it  was  noted  whether  or  not  the  fluid  in  the 
tubes  returned  to  the  zero  of  the  scale.  If  the  fluid  in  some  tubes 
did  not  return  these  were  readjusted  and  duplicate  readings  taken 
to  insure  an  accurate  observation.  One  of  the  frames  making  up 
the  side  walls  was  then  removed,  reducing  the  height  by  6  in.  The 
instrument  was  again  connected,  another  card  made  and  photographs 
taken  as  before.  This  operation  was  continued  until  the  height  of 
the  walls  was  reduced  to  1^^  ft.,  which  was  as  low  in  comparison  to 
the  span  of  the  roof  as  seemed  to  the  observers  would  ever  be  used 
in  practice. 

REDUCTION  OF  THE  READINGS. 

After  the  readings  were  taken,  they  were  handled  as  follows: 

(a)  The  pressure  or  suction  inside  the  house  was  standard- 
ized. 

(b)  The  result  was  reduced  to  pounds  per  square  foot. 

(c)  This  result  was  then  reduced  to  that  for  a  velocity  of 
ten  miles  per  hour. 

PRESSURE  OR  SUCTION    INSIDE  THE   HOUSE. 

These  effects  were  found  to  be  very  unequal,  partly  because 

in  a  somewhat  gusty  wind, — and  the  observers  were  obliged  to  work 

in  such  winds, — the  pressure  condition  in  the  house  lags  behind  the 

[Velocity  changes  outside,  and  partly  because  small  changes  in  the 

direction  of  the  wind  caused  great  changes  in  the  conditions  of 
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exposure  of  the  various  leaks,  which  were  not,  of  course,  symmetri- 
cal aroufi3"TBe  house. 


riAT  PLATr.      ^-5^ 


3eci/1eM- 


8    P 


v5) 


yfandarol 


Pit  or  Tube 3. 


td^es  of  -fubas 
f/Jed  ^arp 


n 


> 


3/andard 


The  amount  of  the  inside  pressure  or  suction  durinc^  any  obser- 
vation was  determined  in  the   following  manner.  During  each  ob- 
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servation  the  Pitot  tubes  shown  in  Fig.  4  were  set  up  in  front  of  the 
building,  and  connected  with  two  scale  tubes  on  the  instrument.  The 
readings  of  these  two  tubes  were  compared  with  the  readings  which 
would  have  been  given  if  there  had  been  zero  pressure  inside  the 
house.    This  last  reading  was  obtained  by  calibration. 
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CALIBRATING    THE  PITOT  TUBES. 

The  Pitot  tubes  and  a  thin  plate  (Fig.  4)  were  set  up  30  ft.  in 
front  of  the  house,  and  a  long  series  of  readings  taken.  It  was 
found  that  the  thin-plate  readings  were  1.2  times  the  Pitot  tube 
readings,  coniparing  the  sums  of  the  pressure  and  suction^  of  each 
instrument. 

These  readings  were  taken  while  the  house  was  very  thoroughly 
calked,   so  that   the   conditions   were   nearly   ideal.     The   average 

April,  1914 


376  Smith— Wind  Loads  on  Buildings. 

ratio  of  the  Pitot  tube  pressure  reading  to  the  Pitot  tube  total 
was  found  to  be  91.7%.  If  for  any  observation  the  Pitot  tube 
pressure  exceeded  this  percentage  of  the  total,  an  undue  rarefaction 
existed  inside  the  house,  and  this  was  removed  in  the  following 
manner : 

Obs.  No.  1.    Pitot  tubes  +  1.8  and  —0.5.    Total  2.3. 

2.3X0.917  =  2.11. 

2.11  —  1.8  =  0.31.    Excess  pressure  inside  house. 

All  pressure  readings  are  therefore  to  be  increased  by  0.31,  and 
all  suction  readings  are  to  be  diminished  thereby. 

Obs.  No.  1.    Tube  No.  1.    Reading,  1.7.    Corrected,  2.01. 

REDUCTION    TO   POUNDS    PER   SQUARE   FOOT. 

Since  one  unit  of  the  scale  on  the  instrument  corresponds  to 
0.0546  lb.,  we  have 

Obs.  No.  1.    Tube  No.  1.     1.7  X  0.0546  ==  0.0928  lb.  per  sq.  ft. 

0.31  X  0.0546  =  0.0169. 
Then  +  0.0928  +  0.0169  =  0.1097  lb.  per  sq.  ft. 

REDUCTION   TO   UNIFORM   VELOCITY. 

Using  the  formula  7^=0.003 F-  for  thin-plate  pressures  derived 
by  Dines  (Proc.  Inst.  C.  E.,  \'ol.  CLXXI,  p.  191 ),  we  get  for  thin- 
plate  pressures  at  ten  miles  per  hour  a  pressure  P  =  0.3  lb.  From 
the  ratio  determined  by  calibration,  the  Pitot  tube  pressure  will  be 

P=--M=:0.25  lb.  per  sq.  ft. 

Obs.  No.  1.    Pitot  tubes  +  1.8  and  —  0.5.    Total,  2.3. 

w  1     •,            /  2.3  X  0.0546       ^  1      .,  , 

Velocity  ='--^  nTvyy- ^  ^ -^  miles  per  liour. 

Total  pressure  =  2.3  X  0.0546  =  0.1256  lb.  per  sq.  ft. 

0.1097  X  0.25 

Obs.  No.  1.    Tube  No.  1. =  0.219  lb.  per  sq.  ft. 

0.1256 
when  reduced  to  ten  miles  per  hour. 

PRESSURE  DIAGRAMS. 

All  the  observations  taken  at  one  height  were  averaged  together 
and  the  results  i)lottcd  in  h^ig.  5  in  pounds  jicr  s(|uare  foot  at  ten _ 
milesi)er  .hour.  These  tests  do  not  give  satisfactory  data  for  a  scien- 
tific analysis  of  the  action  of  the  wind  around  an  obstacle.  The 
winds  with  which  we  worked  were  gusty,  and  the  exjiosure  far 
from  ideal.  It  is  evident  that  the  wind  current,  when  the  observa- 
tion on  the  2^  ft.  wall  was  taken,  was  moving  upward  at  a  small 
angle  with  the  ground.  1'lie  contrary  condition  seems  to  be  trace- 
able in  some  of  the  other  readings.  The  average  of  seventeen  such 
readings,  however,  is  pretty  relial)le  as  .showing  ihe  eflect  in  a  h«>ri- 
zonlal  stream  of  air.     I'.ascd  on  this  average  the  writer  proposes  a 
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conventional  loading  of  the  full  wind  specification  over  90°  of  the 
roof,  applied  as  suction,  and  one-half  of  the  wind  specification  ap- 
plied on  windward  and  leeward  walls  as  pressure  and  suction  re- 
spectively. 

These  units  might  be  used  conveniently  by  giving  each  panel 
point  which  fell  within  the  specified  limits  a  panel  load  equal  to  the 
area  carried  multiplied  by  the  unit  for  those  limits. 

Method  of  riuMBEgiriG  Tubes. 
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A  great  many  observations  were  also  made  on  the  model  with 
different  sides  and  ends  omitted.* 

OBSERVATIONS   WITH    PORTIONS   OF   WALL   REMOVED, 

In  Fig.  6  is  shown  the  marking  of  the  sides  with  reference  to 
the  wind  direction,  and  also  the  arrangement  of  the  tubes.  Tubes 
1,  3,  5,  6,  8,  10,  11,  and  13  were  connected  to  the  nozzles  soldered 
in  the  roof,  and  accordingly  give  outside  pressures  or  suctions. 
Tubes  2,  4,  7,  9,  and  12  were  attached  so  that  their  open  ends  were 
exposed  just  under  the  roof  at  the  points  indicated. 

To  secure  uniform  air  pressure  conditions  over  all  the  reservoirs, 
a  curtain  was  hung  over  the  back  of  the  instrument,  so  that  the 
"inside  pressure",  which  was  standardized  or  reduced  to  ideal  con- 
ditions in  the  observations  on  the  closed  house  here  represents  only 
the  pressure  conditions  inside  the  curtain  around  the  instrument. 

While  the  pressure  was  thus  made  uniform  over  all  the  reser- 
voirs, it  is  to  be  noted  that  the  pressure  under  this  curtain  is  not 
even  approximately  the  same  as  the  pressure  in  a  closed  house,  and 
that  also  it  varies  widely  in  different  observations.  The  displacing 
slightly  of  a  fold  of  the  curtain  makes  very  large  differences  in  the 


Windward  SideOut 
2' Wall 


Windwara  Side  Ou  t 
I'Wall 


Wind^vdand  L  ee^'d  Side  Ouf 
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Reading 


Windward  Side  Ouf 
la' Wall 


Windwdand  Leew'd Side  Out 
a' wall 

Fig.  7.    Model  With  Open  Sides. 


Windw'dandLeew'dSideOut 


I'Wall 


*In  constructing  the  model  and  instrument  and  in  taking  the  obser- 
vations, the  writer  was  assisted  by  H.  W.  Driver,  I.  R.  Goetz,  J.  W.  Shera 
and  W.  R.  F.  Wallace,  members  of  the  class  of  1913,  School  of  Civil  En- 
gineering of  Purdue  University,  who  elected  the  taking  of  these  obser- 
vations as  a  thesis. 
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pressure  over  the  reservoirs,  and  so  the  ratio  between  pressure  and 
suction  in  the  Pitot  tube  readings  varies  widely.  The  readings  on 
the  roof  might  have  been  reduced  by  comparison  with  the  standard 
experiments  on  thin  ])latcs,  and  thus  made  to  show  the  actual  pres- 
sure or  suction,  but  the  writer  felt  that  the  sums  of  inside  and  out- 
side effects  were  the  most  interestng  results  of  the  tests,  and  these 
were  accordingly  plotted  as  shown  in  Fig.  7.  Since  there  are  no 
inside  readings  opposite  the  points  3  and  11  (Fig.  6),  the  averages 
of  the  readings  of  2  and  4  and  of  9  and  12  were  combined  with  these 
readings. 

The  figures  in  Fig.  7  show  very  plainly  that  the  forces  on  a 
building  with  one  side  open,  while  greater  than  for  a  house  of  the 
same  height'  with  the  side  closed,  do  not  exceed  tli^  proposed  units. 
With  the  wind  in  the  other  direction  the  pressures  on  the  closed 
wall  would  be  increased  by  a  rarefaction  inside  the  house,  and  the 
suctions  over  the  roof  would  be  diminished.  In  such  a  case  it  would 
be  proper  to  make  the  wind  loads  on  the  windward  wall  equal  to 
total  wind  unit. 
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The  observations  on  the  model  with  both  sides  removed  show 
that  the  stresses  for  this  case  are  less  in  amount,  but  nearly  the  same 
in  distribution,  as  for  the  closed  house. 

In  Fig.  8  is  shown  one  of  a  series  of  observations  on  the  dis- 
tribution of  pressures  and  suctions  around  the  building.  The  read- 
ings have  not  been  reduced,  and  are  therefore  only  relative. 

APPLICATION   OF   LOAD  UNITS   TO   ROOFS   OTHER  THAN    CIRCULAR. 

In  applying  the  proposed  unit  loads,  the  writer  would  draw,  on 
the  cross-section  of  the  building,  a  semicircle  with  the  half  span 
as  radius,  placing  the  center  of  this  semicircle  at  such  distance  be- 
low the  peak,  that  the  area  of  the  cross-section  of  the  building  above 
the  base  of  the  semicircle  is  the  same  as  that  of  the  semicircle.  The 
45°  radii  will  then  intersect  the  roof  at  the  point  of  change  in  the 
loading  units.     (Fig.  9.) 
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Method  o-p  OfDliylLjing  Loacfs 
on  IrreQulor  Truss. 


COMPARISON  OF  STRESSES. 

A  comparison  of  the  stresses  in  a  very  simple  two-hinged  arch 
from  three  systems  of  wind  loading  is  shown  in  Fig.  10.  It  appears 
that  if  the  wind  loads  are  as  shown  by.  the  tests  described,  not  only 
do  the  common  assumptions  give  stresses  much  too  large  in  most 
cases,  but  in  two  cases  they  give  tension  only  in  members  which 
should  be  designed  for  compression.  It  is  to  be  noted  that  thia 
truss  is  of  exaggerated  depth,  and  that  in  a  large  truss  of  ordinary 
depth  the  discrepancies  would  be  greater.  Such  arches  are  now  made 
entirely  of  compression  sections  in  most  cases,  but  it  would  be  better 
to  adopt  a  loading  system  which  makes  it  impossible  to  do  otherwise. 

In  Fig.  11  is  shown  the  same  comparison  for  a  mill-building 
bent.      As  in  the  arch,  all  members  receive  compression  from  the 
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writer's  proposed  loadings,  while  by  the  common  method  three  of 
those  members  would  be  designed  for  tension  only.  By  methods  A 
and  B  the  stresses  are  seen  to  be  too  large  in  most  cases,  and  in  the 
columns  especially,  where  A  gives  924,000  inch  pounds  of  moment, 
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while  C  shows  only  504,000  inch  pounds  of  moment.  Considering 
the  large  proportion  of  the  steel  in  a  mill  building  which  goes  into 
the  columns,  this  would  seem  to  be  important. 

DISCUSSION. 

/.  H.  Prior,  m.  w.  s.  i:.  (Chairman)  :  The  paper  is  now  open 
for  discussion,  and  I  am  sure  the  author  will  be  glad  to  reply  to 
questions  that  may  be  asked. 

Q.     What  was  the  reason  that  water  could  not  be  used? 

A.  Water  has  so  much  skin  friction  that  descending  in  the 
tubes  it  would  stop  13^  in.  above  the  zero  point,  and  when  ascending 
in  the  tubes  it  would  stop  Ij/^  in.  below  the  zero  point.  I  suppose 
we  should  have  known  that  before,  but  we  did  not.  We  used  alcohol 
and  water  the  year  before  and  the  alcohol  redeemed  the  water.  I 
understand  that  it  does  so  in  a  great  many  cases. 

Q.  Were  the  meniscuses  in  the  various  tubes  going  up  and 
down  all  the  time  or  were  they  pretty  steady? 

A.  The  winds  were  gusty  and  sometimes  they  did  change  quite 
rapidly,  but  we  waited  until  we  were  getting  what  seemed  to  be  a 
uniform  current  of  wind  ;  tliat  is.  we  waited  until  the  liquid  in  the 
tubes  seemed  to  be  very  nearly  at  rest  before  we  made  the  photo- 
graphic exposure. 

As  to  their  delicacy, — the  promptness  with  which  they  re- 
sponded to  an  impulse, — we  made  some  tests  and  found  that  we 
could  not  measure  any  interval  between  the  supplying  of  the  im- 
pulse and  the  registration  inside.  A  man  was  stationed  near  the 
Pitot  tube  and  an  observer  inside  of  the  house  would  count  1,  2,  3; 
as  he  said  3.  the  man  outside  would  throw  his  hand  in  front  of  the 
Pitot  tube.  We  were  not  able  to  detect  any  inter\'al  between  the 
counting  of  3  and  the  change  of  the  licjuid  30  ft.  away.  The  opera- 
tion was  practically  instantaneous. 

O.  Did  the  length  of  the  connection  from  the  roof  to  the  point 
of  reading  make  any  difference? 

A.  That  was  the  reason  we  made  these  tests ;  we  feared  that 
there  might  be  some  difference.  But  since  in  these  tests,  made  for  a 
30  ft.  length  of  tube,  we  could  not  find  any  interval,  it  seems  that  a 
difference  of  two  or  three  feet  inside  the  house  would  not  make  any 
difference. 

Q.  Was  the  whole  house  mounted  u])on  that  base  so  that  it 
could  be  readily  turned? 

A.     No.  the  house  was  simply  set  on  the  t^round. 

Q.  How  did  you  keep  the  angle  of  the  house  within  10°  of 
the  direction  of  the  wind? 

A.     We  pried  it  around  until  it  became  normal  to  the  wind. 

Q.     What  sort  of  a  location  was  jiicked  out  for  this  house? 

A.  Wc  set  it  up  this  time  on  the  Purdue  athletic  field.  There 
was,  T  should  say.  more  than  one-eighth  of  a  mile  to  the  nearest 
building.  I'ack  of  us.  in  the  other  direction  about  300  yards,  there 
were  some  low  trees,  and  T  suspect  the  influence  of  those  trees  in 
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some  cases.  They  were  on  the  north  exposure  and  we  had  in  some 
cases  north  winds.  The  question  of  the  best  possible  exposure  is  a 
very  important  one  here  for  scientific  determination.  It  is  unfortu- 
nate that  we  could  not  have  that  for  these  buildings,  but  I  think 
we.  have  enough  observations  so  that  the  average  is  reliable. 

Q.     Where  was  the  instrument  set  in  relation  to  the  house? 

A.  It  was  set,  during  all  the  closed  house  observations,  toward 
the  windward  wall.     The  Avail  was  tightly  calked. 

Q.  There  was  no  occasion  for  any  person  to  be  inside  the 
house,  was  there? 

A.  Yes,  we  had  to  have  two  people  inside  to  set  off  the  flash 
light  and  snap  the  photographs. 

Q.  Where  the  tubes  were  connected  with  the  roof,  were  the 
nozzles  flush  with  the  outside  roof? 

A.     Yes,  they  were. 

Q.  Was  there  any  precaution  taken  to  prevent  atomizer  action 
of  the  wind  passing  across  the  open  end  of  the  nozzle? 

A.     No,  none  whatever. 

Q.  Have  you  ever  made  any  experiments  as  to  whether  there 
is  such  an  action? 

A.     No,  I  have  not. 

O.  There  seems  to  be  quite  a  difference  in  the  pressures  on 
the  4^4  ft.  w^all  and  on  the  3^^  ft.  wall  shown  in  Fig,  5. 

A.  That  was  probably  due  to  a  difference  in  the  direction  of 
the  currents  of  air.  I  think  when,  we  took  the  four'  readings  with 
that  shape,  the  currents  of  air  were  directed  slightly  downward. 

O.     Are  the  leeward  sides  of  two  of  them  very  much  alike? 

A.     The  total  area  would  be  almost  exactly  the  same  thing. 

Q.  The  point  I  am  getting  at  is  whether  with  the  3^  ft.  wall 
there  would  be  less  pressure  than  with  the  4^2  ft.  wall. 

A.  I  do  not  know.  Qur  idea  was  that  we  would  find  the 
same  shape  in  whatever  size,  but  that  we  would  probably  find  a 
somewhat  smaller  total  force  with  the  lower  walls  using  the  same 
span. 

O.  Does  your  chart  show  the  opposite,  that  the  3}i  ft.  wall 
has  the  higher  pressure? 

A.  It  does  in  this  case,  but.  on  the  other  hand,  if  we  go  on 
to  the  3  ft.  wall,  instead  of  getting  a  higher  pressure  we  get,  if  any- 
thing, a  little  less.  If  we  go  on  to  the  2^/^  ft.  wall  we  get  still  less. 
Both  suction  and  pressure  for  the  2  and  1 14  ft.  walls  seem  to  be  less. 

O.  Do  you  think  that  the  result  that  you  would  get  on  a 
model  of  the  size  mentioned  would  determine  the  relation  that  would 
exist  on  a  span,  for  instance,  of  100  ft.? 

A.  Yes,  I  think  it  would  determine  such  a  relation.  My  idea 
of  the  way  the  action  takes  place  is  that  there  is  a  large  body  of 
still  air  directly  in  front  of  the  building,  along  which  the  glancing 
filaments  of  air  have  their  direction  changed,  and  it  is  that  change 
of  direction  which  induces  the  pressure  in  this  relatively  still  body 
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of  air ;  that  aui^le  should  be  the  same  for  all  sizes  and  therefore  the 
intensity  of  the  pressure  should  be  practically  the  same. 

Q.  Would  the  air  in  front  of  a  building  100  ft.  high  back  up 
ten  times  as  far  in  front  of  that  building  as  it  would  in  front  of  a 
building  10  ft.  high.? 

A.     It  is  my  opinion  that  it  would. 

Q.  Do  not  currents  of  air  act  somewhat  in  the  same  manner 
as  an"^ejector  in  producing  suction?  That  is  to  say,  velocity  head, 
that  takes  the  place  of  pressure? 

A.     Yes,  they  do. 

Q.  The  effect  of  suction  would  not  be  very  marked  at  a  dis- 
tance of  100  ft.,  would  it  ? 

A.  I  do  not  see  that  there  would  be  any  difficulty  in  the  trans- 
mission of  pressure  through  the  body  of  gas  for  100  ft.  Suction 
comes,  however,  where  the  current  of  air  flows  over  the  top.  When 
the  filament  of  air  becomes  parallel  to  the  surface  of  the  building  it 
commences  to  i)roduce  suction. 

/.  IV.  Pearl,  m.  \v.  ?.  e.  :  The  zero  pressure  on  your  diagrams 
indicates  that,  of  course.  Recently  I  had  occasion  to  compute  the 
wind  stresses  in  an  arch  rib.  I  used  Irminger's  experiments  as  a 
guide  for  the  distribution  and  found  a  marked  diff'erence  between 
the  results  obtained  by  this  and  the  ordinary  method  of  computing 
wind  pressure  on  buildings,  and  am  satisfied  that  the  ordinary 
method  of  computation  is  wrong.  T  believe  that  the  distance  through 
which  the  effect  of  suction  i'-.  marked  is  small,  and  hardly  think  that 
the  r(?sults  ol)tained  on  a  small  building  would  be  the  proper  measure 
for  a  large  building. 

The  Author:  The  suction  is  due  to  the  velocity  head  of  air 
passing  over  the  surface ;  it  is  not  transmitted  through  a  great  dis- 
tance. I  would  not  expect  to  have  a  very  large  area  of  rarefaction 
on  the  leeward  side  because  the  air  would  be  pulled  in  from  the  ends, 
and  it  is  to  be  noted  that  on  the  leeward  sides  of  these  buildings, 
especially  down  toward  the  ground,  the  suction  tended  to  diminish. 
Probably  in  a  building  of  great  length  that  would  not  take  place 
and  we  might  have  a  very  well  defined  area  of  rarefaction  from  the 
back.  Models  ten  times  this  size  would  interrupt  more  air  fila- 
ments, but,  on  the  other  hand,  these  filaments  would  have  a  greater 
distance  in  which  to  accomplish  their  change  of  direction.  Irminger's 
tests  were  made  on  models  only  a  few  inches  high.  I  think,  while 
these  tests  were  made  on  models  6  or  9  feet  high,  and  the  results 
seem  to  be  very  much  the  same. 

Mr.  Pearl:  The  tests  of  Irmingcr  .show  a  larger  ratio  of  suc- 
tion to  pressure  than  your  experiments. 

The  Author:  Irminger.  however,  used  the  enclosed  channel  and 
the  ends  of  his  models  were  not  exposed,  so  that  the  suction  was  not 
diminished  on  the  leeward  side  bv  a  current  coming  around  the  end. 

O.     Wiiat  was  the  highest  velocity  of  wind  that  was  recorded? 

A.     Tile  highest  velocity  of  wind  recorded  was  only  lO-Vij  miles 

''Vol.  XIX.,  No.  4 


Discussion — Wind  Loads  on  Buildings.  387 

per  hour.  For  some  reason  or  other,  during  the  four  weeks  in 
which  we  were  taking  our  observations,  wind  velocities  were  not 
very  high. 

Q.  Have  you  any  assurance,  then,  that  results  with  high  veloci- 
ties of  wind,  such  as  would  produce  pressures  that  we  use  on  the 
actual  design  of  a  building,  would  give  the  same  or  corresponding 
results  ? 

A.  We  would  infer,  from  the  fact  that  there  is  no  consistent 
difference  between  our  results  for  low  and  high  velocities  when  re- 
duced to  ten  miles  per  hour, — that  is,  if  you  take  all  the  observations 
for  very  low  velocities  and  average  them  together,  and  all  the  ob- 
servations for  high  velocities  and  average  them  together, — you  would 
get  about  the  same  thing. 

Q.  Would  the  results  follow  a  straight  line  of  variation  in  that 
result? 

A.  I  mean  that  when  they  are  all  reduced  by  the  squares  of 
the  velocities  to  the  same  velocity,  the  two  curves  would  be  practi- 
cally identical,  so  we  infer  that  if  we  should  go  up  to  20  or  30  miles 
an  hour  these  results  would  still  hold. 

Q.  Did  the  difference  in  velocity  have  any  effect  in  changing 
the  zero  point?    Was  it  higher  or  lower  for  the  higher  velocities? 

A.  No,  there  was  no  marked  change  that  we  could  observe. 
In  some  cases  the  point  was  high  for  low  velocities  and  vice  versa. 
The  only  explanation  of  the  variation  in  the  zero  point  we  were  able 
to  get  was  that  the  direction  of  the  wind  was  slightly  changed  dur- 
ing those  tests. 

Mr.  Prior:  I  will  ask  Mr.  Allen  if,  taking  the  ordinary  truss 
of  that  character  for  an  armory  or  similar  structure,  he  thinks  in 
the  final  weight  there  would  be  much  variation  due  to  the  new  data 
given  us  by  Professor  Smith. 

Andrews  Allen,  m.  w,  s.  e.  :  That  would  depend  largely,  I 
think,  whether  there  are  any  reversals  or  not.  If  ycu  have  a  truss 
of  large  size  with  long  members,  you  might  have  to  put  in  some 
compression  members  where  you  would  not  otherwise  do  so.  This 
would  only  be  disclosed  by  a  tabulation  of  the  dead-load  stresses 
corrtbined  with  the  wind-load  stresses,  and  the  analysis  on  the  board 
does  not  go  far  enough.  In  a  light  truss  of  short  span  there  would 
not  be  much  difference.  At  any  rate,  we  can  allow  a  higher  unit 
stress  for  combination  of  dead  load  and-  wind  stresses  and  the 
chances  are  you  would  have  to  increase  very  few  members  except 
in  case  of  reversal. 

Mr.  Prior:  I  would  like  to  ask  the  general  question,  in  the 
experience  of  the  men  here, — if  anybody  cares  to  venture  an  opin- 
ion,— whether  or  not  they  think  the  total  weight  of  the  truss  would 
be  increased. 

Mr.  Pearl:  I  found  a  difference  in  the  case  of  a  66  ft.  span. 
It  was  a  five  centered  arch  rib,  plate  and  angle  construction,  27  ft. 
rise,  and  in  the  computation  of  the  wind  stresses  on  the  leeward 
side  I  found  a  marked  difference  in  the  amount  of  steel  required 
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to  take  care  of  the  stresses.  I  siiall  be  pleased  to  show  my  computa- 
tions to  anyone  who  may  be  interested, 

Mr.  Prior:  Refcrrinj:,'  to  the  loading  that  Professor  Smith  has 
proposed,  1  would  like  Air.  Allen's  opinion  on  the  use  of  unit  load 
above  and  half  load  compression  on  one  side  and  half  load  tension 
on  the  other. 

Mr.  Allen:  The  loading  looks  like  a  very  reasonable  solution, 
at  least.  From  the  experiments  of  the  author,  it  seems  as  though 
his  assumption  of  full  load  over  the  uj-'per  segment  was  somewhat 
less  than  given  by  many  of  his  experiments,  but,  on  the  other  hand, 
his  observations  were  made  in  the  middle  of  the  model  and  the  pres- 
sures towards  the  end  would  doubtless  be  less  than  his  observations. 
As  our  buildings  are  not  of  infinite  length  it  is  very  possible  that 
we  would  get  a  fair  average  by  accepting  the  average  pressure  that 
he  suggests.  As  far  as  the  walls  are  concerned,  anyone  who  has 
experimented  w^ith  the  size  of  girths  for  supporting  corrugated 
metal  side  walls  knows  very  well  that  the  usual  assumed  pressures 
are  not  realized  in  practice.  Judging  from  my  own  experience, 
one-half  of  the  assumed  load  does  not  seem  out  of  the  way.  Forty- 
five  degrees  as  the  zero  \xj'm\  corresponds  so  closely  with  the  author's 
experiments  that  it  looks  as  though  that  is  a  reasonable  assumption. 
The  main  thing  is  to  know  hmv  the  forces  act,  and  to  get  a  qualita- 
tive relation.  There  is  no  trouble  in  making  our  buildings  strong 
enough  if  we  know  where  the  reversals  are,  for  these  are  the  danger- 
ous features  in  designs.  Not  so  much  the  amount  of  stress  as  the 
hind  of  stress. 

The  Author:  The  units  which  I  have  proposed  were  intended 
simply  as  something  for  the  Society  to  "shoot  at,"  and  I  used  the 
simplest  units  that  I  could  devise  that  came  near  setting  forth  these 
results.  I  think  it  would  be  a  great  convenience  to  those  who  wish 
to  regard  the  suction  effect  on  buildings,  if  the  matter  of  units  could 
be  taken  up  by  a  proper  committee  and  some  simple  unit  adopted  by 
the  Society.  This  suggestion  of  mine  is  nothing  but  a  mark  to 
shoot  at,  something  that  might  give  the  members  of  the  committee 
some  idea  of  the  views  of  the  Society  on  such  a  unit. 

Mr.  allien:  Could  it  not  liave  been  arranged  to  observe  the 
wind  reactions,  vertical  and  horizontal,  on  the  model  in  such  a  way  as 
to  check  uj)  the  general  distributions? 

The  /luthor:  Such  a  procedure  would  be  a  very  intricate  thing, 
because  we  would  have  to  mount  the  model  on  springs  and  measure 
the  change  in  the  deflection  of  th(Kse  springs.  It  would  mean  at  least 
four  delicate  observations  taken  simultaneously,  and  it  would  mean 
also  that  we  would  have  to  have  observations  not  only  at  several 
points  along  the  wall  in  addition  to  the  one  at  the  middle,  but  we 
would  also  have  t<^  have  observations  on  the  ends,  and  then  we 
would  have  to  plot  the  effects  over  the  whole  surface  of  the  build- 
ing.    It  woHld  greatly  increase  the  difficulty. 

Mr.  .lllcn.  Could  you  not  have  made  your  model  building  in 
sections  with  clastic  connections  and  measured  the  reaction  under 
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each,  or  under  some  one  selected  section, — perhaps  the  one  to  which 
you  had  your  tubes  connected? 

The  Author:    That  might  very  well  be  done. 

Mr.  Allen:  In  that  way  you  would  get  something,  because,  to 
my  mind,  the  only  question  as  to  the  general  accuracy  of  these  ex- 
periments lies  in  the  possible  atomizer  effect  of  the  tubes. 

The  Author:  I  do  not  fully  understand  the  relation  of  the 
atomizer  effect  to  these  pressure  conditions.  I  would  be  very  glad 
if  the  member  w^ho  asked  about  it  would  explain  to  me  the  way  in 
which  it  would  affect  the  amounts  of  pressure  and  suction. 

Edwin  A.  Howes,  m.  w.  s.  e.  :  Professor  Nipher,  some  years 
ago,  about  the  time  of  the  World's  Fair  in  St.  Louis,  I  think,  pub- 
lished some  experiments, — his  comments  and  his  devices  for  pre- 
venting that  atomizer  action. 

The  Author:  The  pressure-receiving  tube  was  connected  to  the 
space  between  two  thin  circular  disks,  and  this  space  was  occupied 
by  wire  mesh.    The  intention  was  to  eliminate  impact  effect. 

Mr.  Hozves:  Professor  Nipher  seemed  to  think  that  was  very 
necessary  to  get  anything  like  accurate  measurements. 

The  Author:  I  have  not  been  able  to  see  why  an  instrument  of 
that  sort  is  essential. 

Mr.  Howes:  In  an  atomizer  or  injector  a  current  of  air  pass- 
ing across  the  open  end  of  the  tube  will  cause  suction. 

Mr.  Allen:  Isn't  the  question  really  whether  a  current  of  air 
passing  over  or  parallel  to  a  surface  in  which  a  tube  is  inserted 
may  not  create  a  pressure  or  suction  in  the  air  in  that  tube  which 
would  not  correspond  to  the  pressure  or  suction  on  a  closed  surface 
of  hard  material? 

Mr.  Hozves:  The  question  is  whether  the  results  are  the  same 
as  if  the  end  of  the  tube  were  closed  with  a  thin  sheet  of  rubber. 

The  Author:  Velocity  head,  producing  suction  at  the  end  of 
the  tube,  would  tend  to  pull  air  out  of  the  tube,  but  how  much? 
Well,  the  pressure  per  square  foot  at  ordinary  atmospheric  pressure 
is  about  2,000  lb.  per  sq.  ft.  A  suction  of  10  lb.  would  tend  to  pro- 
duce a  change  in  the  volume  in  proportion  to  the  change  in  pressure ; 
that  is  to  say,  10  to  2,000.  The  amount  of  air  which  would  flow  out 
of  the  tube  would  be  a  very  small  quantity.  After  enough  had  flowed 
out  to  reduce  this  to  the  required  tension  there  would  be  no  more 
flow.  That  is  to  say,  the  surface  of  the  air  in  the  tube  would  be 
in  the  same  condition  as  the  surface  of  the  building.  It  would  be 
in  a  state  of  equilibrium.  This  balancing  ought  to  take  place  very 
rapidly  because  the  amount  of  outflow  of  air  is  very  small,  and  that 
it  does  so  was  proved  by  our  experiments  in  transmission.  Sliding 
a  sheet  of  paper  in  front  of  the  Pitot  tubes  exposed  to  pressure 
and  to  suction,  and  noting  the  drop  in  the  instrument  30  ft.  away, 
the  time  interval  occupied  by  the  movement  of  the  liquid  seemed  not 
larger  than  the  movement  in  an  open  trough.  I  do  not  see  any  rea- 
son why  the  air  surface  at  the  end  of  the  tube  does  not  receive  the 
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effect  of  this  passing  current  of  air  just  as  any  other  portion  of  the 
surface  of  the  building. 

Mr.  Pearl  (by  letter)  :  Professor  Smith's  experiments  furnish 
another  example  to  members  of  the  engineering  profession  of  their 
lack  of  throughness  in  tlie  study  of  available  data  and  their  disposi- 
tion to  accept  a  precedent  as  a  law  without  knowing  whether  it  is 
good  or  bad  law. 

For  many  decades  we  have  been  almost  annually  confronted 
with  cases  of  buildings  torn  from  their  foundations,  roofs  lifted  and 
carried  a  considerable  distance,  empty  freight  cars  thrown  from 
their  tracks,  loaded  car?  unroofed,  and  other  pranks  of  the  wind  that 
could  not  possibly  have  resulted  from  pressures,  but  could  readily 
be  accounted  for  by  a  division  of  the  total  forces  of  the  wind  into 
pressure  and  suction. 

On  the  other  hand,  we  often  find  the  less  important  parts  of 
structural  framing  in  roofs,  side  walls,  sash  and  plate-glass  windows 
intact  after  the  severest  storms,  although  they  could  not  possibly 
withstand  a  pressure  of  20  lb.  per  sq.  ft. 

A  diversity  of  opinion  as  to  the  force  of  wind  has  resulted  be- 
cause the  results  have  generally  been  interpreted  as  due  to  pressure, 
and  we  have  advocates  of  safe  pressures  all  the  way  from  15  to  50 
lb.  per  sq.  ft.,  each  one  firmly  believing  that  the  other  fellow  doesn't 
know  much  about  wind  pressures,  and  that  the  man  who  proposes 
30  lb.  per  sq.  ft.  is  only  tolerable  and  not  familiar  with  local  con- 
ditions. 

If  I  understood  the  author  correctly,  he  did  not  predict  that  a 
material  variation  in  the  stresses  in  Fink  trusses  or  small  spans  of 
other  types  of  construction  would  result  from  a  division  of  the 
force  of  wind  into  pressure  and  suction  as  indicated  by  his  experi- 
ments. 

It  is  difficr.lt  to  imagine  a  case  in  which  over  one-half  of  the 
total  forces  applied  on  one  side  of  a  roof  may  be  removed  and  ap- 
plied upon  the  other  side  of  the  roof  and  act  upward  instead  of 
downward  without  some  radical  changes  in  the  stresses. 

An  illustration  of  what  may  result  from  such  a  change  in  the 
application  of  the  forces  of  the  wind  is  given  in  Figs.  12  and  13,  in 
some  equilibrium  polygons  and  a  diagram  of  moments  computed 
for  the  ribs  of  a  circular  dome  having  a  span  of  162  ft. 

Four  cases  were  considered  as  follows : 

Case  T.  Pressure  all  on  windward  side.  Rib  hinged  at  .-]  and 
B.     Full  line. 

Case  II.  Pressure  all  on  windward  side.  Rib  hinged  at  A,  H 
and  C.     Broken  line. 

Case  III.  Total  force  divided,  jircssuro  on  windward  side  and 
suction  on  leeward  side.     Rib  hinged  at  ./  and  B.     Full  line. 

Case  IV.  Total  force  divided,  pressure  on  windward  side  and 
suction  on  leeward  side.     Rib  hinged  at  .  /.  H  and  C.     Dotted  line. 

The  forces  acting  on   the  c(iuilibrium   polygons   are  given  in 
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pounds  and  the  terminal  lines  of  the  polygons  indicate  the  dnxction 
of  reactions  at  A  and  B  in  each  case. 

In  the  diagram  of  moments  the  positive  and  negative  moments 


?entirHnfnf  .1^'  '-f  P^f^-  °^'^^'  ^^"'^'^^  ''''^'  ^^f^^e^^e  to  the 

in  foot  pounds      "  '  '"'  ''"''  "'^"^^  "'  """'""""  P^'"^^  -^  g-- 

The  decided  advantage  of  three  hinge  construction  for  resisting 
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wind  is  apparent,  regardless  of  the  actual  or  assumed  distribution 
of  those  forces. 

In  the  division  of  forces,  one-third  was  assumed  to  act  as  pres- 
sure on  the  windward  side  and  two-thirds  was  assumed  as  suction 
on  the  leeward  side,  the  values  being  applied  at  points  symmetrical 
with  reference  to  the  center  line. 

This  division  seemed  to  be  warranted  by  the  experiments  of 
Irminger,  who  found  that  on  cylinders  the  division  was  28%  and 
72%  of  the  total  while  on  spheres  the  division  was  23%  and  77% 


of  the  total.  The  dome  being  only  a  segment  of  a  sphere,  it  was 
not  considered  i)rudent  to  assume  the  limit  found  by  this  experi- 
menter. 

The  distribution  of  forces  at  various  points  on  the  surfaces 
exposed  are  not  given  as  in  the  case  of  Professor  Smith's  experi- 
ments, so  no  rational  comparison  can  be  made  between  the  two  in- 
vestigations. Both  clearly  indicate  the  necessity  of  further  experi- 
ment and  study  which  it  is  hoped  will  not  be  delayed  until  future 
generations  can  justly  look  back  with  reproach  upon  our  methods 
of  design  to  resist  the  forces  of  the  wind. 
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THE  MAKING  OF  A  TECHNICAL  JOURNAL 

E.  J.  Mehren,*  Jun.  Am.  Soc.  C.  E. 
Presented  February  2,  1^14. 

In  addressing  this  Society  on  the  subject  assigned  it  may  safely 
be  assumed  that  all  of  you  are  sufficiently  acquainted  with  the  aims 
of  technical  journals  to  allow  an  extended  discussion  of  their 
objects  and  scope  to  be  dispensed  with.  These  points,  therefore,  will 
be  but  briefly  treated. 

Primarily  the  technical  journal — and  in  this  talk  the  term  "tech- 
nical journal"  will  be  considered  synonymous  with  "engineering 
journal" — was  established  to  supply  the  engineer  with  information 
as  to  the  latest  developments  in  his  field.  If  this  had  remained  its 
sole  object  it  would  be  on  practically  the  same  basis  as  the  journal 
of  an  engineering  society.  It  was  recognized  in  the  early  days  of 
technical  journalism,  however,  that  execution  was  quite  as  important 
in  engineering  as  design,  and  space  was,  therefore,  devoted  to  the 
methods  employed  in  carrying  out  the  works  planned  by  the  engi- 
neer. Naturally  the  contractor  or  builder  was  interested  in  construc- 
tion methods.  He  became  a  reader  and  to  serve  him  better  it  was  a 
logical  step  to  give  space  to  descriptions  of  construction  equipment 
and  news  of  proposed  enterprises.  Moreover,  manufacturers  spend 
millions  of  dollars  annually  in  investigations  and  experiments,  which 
come  to  light,  as  a  rule,  only  through  improvements  in  their 
products.  To  neglect  these  products,  then,  is,  journalistically,  to  cast 
aside  the  fruits  of  much  well-spent  money  and  leave  unknown 
devices  which  may  be  the  means  of  large  savings  to  the  readers. 

The  technical  journal  of  today,  therefore,  is  not  strictly  a  pro- 
fessional journal.  It  emphasizes  quite  strongly  the  business  side  of 
the  profession.  As  an  evidence  of  its  work  along  these  lines  we  may 
recall  the  contracting  news  sections  which  occupy  a  place  of  much 
importance  in  many  technical  journals. 

EDITORIAL    ORGANIZATION 

The  object  of  a  technical  journal  being  to  gather  from  all  parts 
of  the  country,  and  of  the  world  for  that  matter,  data  and  news  of 
value  to  its  clientele,  the  collecting  organization  must  evidently  be 
an  extensive  one.  The  machinery  for  gathering  this  material  can 
be  classified  under  three  heads : 

1.  A  permanently  employed  editorial  force. 

2.  Correspondents  and  contributors. 

3.  A  comprehensive  clipping  service. 

The  permanently  employed  editorial  staflFs  of  the  larger  engi- 
neering journals  have  as  many  as  nine  or  ten  editors,  supplemented 
by  as  many  trained  clerical  assistants.  All  of  the  editors  have  an 
engineering  training.    Most  of  the  editors  will  be  located  at  the  main 
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office  of  the  journal,  while  the  character  of  the  specialty  covered 
will  govern  the  points  at  which  the  others  will  be  located.  For  a 
paper  deeply  interested  in  metallurgical  processes  editors  may  be 
located  in  Pittsburgh  and  Denver,  while  in  the  general  field,  if  the 
headquarters  are  in  New  York,  one  or  two  men  will  be  located  in 
Chicago  and  one  on  the  Pacific  Coast.  The  staff  generally  includes 
four  or  five  specialists,  confining  their  attention  to  one,  or  at  most, 
two  lines,  and  a  number  of  general  men. 

Correspondents  are  located  in  every  large  city  throughout  the 
country  and  are  relied  upon  to  furnish  promptly  news  of  special 
interest  to  the  journal.  They  are  subject  to  call  by  wire  or  letter  for 
special  information  which  will  guide  the  editor  as  to  the  importance 
of  any  particular  item  of  news.  If  extended  treatment  of  the  subject 
is  needed  he  may  call  on  one  of  the  journal's  particularly  good 
friends  in  that  location — a  specialist  in  the  subject,  if  possible — to 
prepare  the  article  or  may  send  a  member  of  the  stafT  to  cover  it. 

The  clipping  service  is  supplied  in  part  by  clipping  bureaus  and 
in  part  by  a  department  in  the  head  office  of  the  journal  which  reads 
representative  newspapers  from  every  part  of  the  country.  The 
clippings,  however,  are  not  assumed  to  be  correct  and  are  used  sim- 
ply as  clues,  to  be  followed  by  letter  or  telegraphic  verification,  and, 
in  the  case  of  important  matters,  by  personal  attention  of  a  corre- 
spondent or  member  of  the  staff. 

The  secret  of  prompt  and  reliable  news  gathering  lies  in  the 
development  of  a  strong  and  interested  clientele.  Such  a  clientele 
is  the  chief  asset  of  a  technical  journal  and  so  carefully  has  it  been 
fostered  by  the  older  magazines  that  the  correspondents  consider 
their  posts  as  places  of  honor  and  are  proud  to  be  identified  with  the 
journal.  Not  only  does  a  proper  clientele  respond  quickly  in  emer- 
gencies but,  by  its  friendly  criticism,  aids  the  editor  in  estimating  the 
needs  of  his  field. 

STAFF  ASSIGNMENTS 

In  the  case  of  matters  of  great  importance,  such  as  disasters 
to  large  engineering  structures,  reliance  is  seldom  placed  upon  out- 
side contributors.  There  is  generally  so  much  at  stake  that  only  a 
trained  editor  can  appreciate  the  need  for  speed  and  the  tlanger,  in 
the  case  of  a  disaster,  of  falsely  interpreting  the  occurrence  or  the 
causes.  When  a  big  matter  of  this  kind  "breaks",  as  it  is  put  in 
editorial  language,  the  conditions  arc  much  the  same  as  in  a  news- 
paper office.  Tlierc  is  a  marshalling  of  forces,  a  staff  conference  so 
that  every  brain  in  the  organization  may  be  racked  for  clues  as  to 
probable  sources  of  information,  telegrams  to  get  as  definite  inform- 
ation as  possil)le,  and  then  a  quickly  formed  plan  for  covering  the 
emergency. 

For  example,  when  the  seriousness  of  the  Dayton  flood  was 
realized  there  was  an  exchange  of  telegrams  between  the  Chicago 
and  the  New  York  offices  of  our  journal  and  our  l^ittsburgh  corre- 
spondent.    The  conclusion  was  to  send  the  Western  Fditor  from 
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Chicago  to  attempt  to  get  into  the  flooded  district  from  the  north, 
and  to  dispatch  two  representatives  from  Pittsburgh  to  attack  the 
situation  from  the  east.  They  were  given  no  orders  except  to  get  in, 
gather  the  material  and  get  it  on  the  wire.  In  such  a  case  instruc- 
tions are  useless  and  sole  reliance  must  be  placed  upon  the  initiative, 
the  energy,  and  the  judgment  of  the  staff  members  assigned.  As 
these  men  were  starting,  telegrams  were  poured  into  every  city 
afifected  and  correspondents  urged  to  dispatch  authentic  material 
immediately.  The  New  York  of^ces  of  important  companies  own- 
ing or  operating  properties  in  the  affected  region  were  communi- 
cated with  by  telephone  and  urged  to  keep  the  editorial  office  advised 
of  all  developments.  As  a  result,  in  the  issue  of  the  week  following 
the  flood  there  was  a  six-page  report  giving  authentic  data  upon 
the  disaster,  and  accompanying  it  was  an  insert  plate  with  pictures 
of  destruction  at  strategic  points. 

COVERING   THE   DAYTON    FLOOD 

That  the  life  of  the  technical  editor  is  not  less  exciting  at  such 
times  than  that  of  the  newspaper  man  is  evident  from  the  following 
extracts  from  the  report  of  the  editor  who  got  into  Dayton  from  the 
north.  He  has  something  to  say,  too,  about  the  power  of  the  tech- 
nical press.  It  may  be  noted,  incidentally,  that  within  12  hours 
after  leaving  Chicago,  he  had  a  military  pass  which  enabled  him  to 
go  anywhere  iii  the  flooded  territory. 

"Never  before,"  he  says,  "did  I  realize  the  power  of  the  engi- 
neering press  with  the  ordinary  layman.  A  card  with  the  name  of 
the  journal  in  the  corner  was  as  good,  practically,  as  a  Governor's 
pass.  True  I  had  a  military  pass  to  allow  me  to  go  anywhere,  but 
to  say  that  one  represented  the  Engineering  Record,  a  New  York 
engineering  magazine,  was  sufficient  to  pass  one  almost  anywhere. 

"Another  evidence  of  this  power  was  the  reception  which  I 
received  from  Mr.  John  H.  Patterson,  president  of  the  National 
Cash  Register  Company,  and  head  of  the  Relief  Committee  at 
Dayton.  As  soon  as  I  handed  in  my  card  Mr.  Patterson  singled  me 
out  among  the  crowd,  asked  me  in,  and  spent  fifteen  minutes  of  his 
valuable  time  explaining  this  situation.  He  said  that  I  was  the  first 
representative  of  an  engineering  paper  on  the  job  and  that  he  was 
glad  to  see  what  we  could  do  to  help  him.  He  took  me  to  his  private 
office,  and  after  explaining  the  local  situation  briefly,  spent  about  a 
half  hour,  giving  me  in  succinct  shape  the  full  situation  frorn  the 
layman's  standpoint. 

"To  get  to  Mr.  Patterson  I  went  to  one  of  the  relief  stations 
and  stated  that  I  was  an  engineer  and  wanted  to  get  to  Mr.  Patter- 
son, and  also  that  I  represented  the  Engineering  Record.  A  relief 
automobile  going  across  town  some  five  miles  to  the  National  Cash 
Register  plant  was  almost  immediately  available  and  I  was  taken 
there  in  double-quick  time. 

"From  my  experience  with  Mr.  Patterson  I  should  say  that  he 
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appreciated  very  much  more,  perhaps,  than  I  did  myself  the  power 
and  influence  which  any  statements  made  in  the  editorial  columns 
of  the  Engineering  Record  might  have  with  the  general  public 
and  possibly  even  wath  the  Government  itself. 

"As  some  sidelights  upon  my  experience  I  might  mention  my 
experience  with  the  camera.  As  all  able-bodied  men  were  impressed 
into  service  if  they  were  at  all  suspected  of  being  idlers  or  sightseers 
I  felt  it  necessary  to  carry  the  camera  concealed.  Carrying  a  tripod 
was  out  of  the  question  and  all  of  my  pictures  were  taken  either 
snap-shot  or  resting  against  something. 

''A  bar  of  chocolate  in  one's  pocket  enabled  him  to  eat  two 
meals  a  day  only  and  keep  going  from  morning  till  night. 

"Mr.  S.  (one  of  the  representatives  who  worked  west  from 
Pittsburgh)  carried  w'ith  him  two  bottles,  one  of  hypo  and  one  of 
thiosulphate.  With  these  he  was  able  to  drink  any  water  he  came 
to.  As  for  myself,  after  leaving  Toledo,  I  drank  nothing  in  the  way 
of  water  for  at  least  four  days.  After  meeting  S.  at  the  Hotel 
Algonquin,  in  Dayton,  I  took  my  first  drink  of  water,  after  it  had 
been  duly  dosed  with  hypo  and  brought  back  to  normal  taste  with 
the  thio." 

covering  a  dam   failure  in   west  VIRGINIA 

As  another  instance  of  hardship  suffered  in  gathering  data  for 
the  technical  press  may  be  cited  the  occurrences  at  the  time  of  the 
recent  failure  of  a  concrete  dam  on  the  Stony  River,  in  West  Vir- 
ginia. There  was  the  usual  marshalling  of  forces  and  the  dispatch- 
ing of  one  of  the  editors  to  the  scene.  A  trunk  line  railroad  runs 
w^ithin  15  miles  of  the  dam  site,  but  from  that  point  the  only  trans- 
portation is  over  a  logging  spur.  The  editor  arrived  at  the  junction 
with  the  spur  on  Saturday  morning,  January  17th,  two  days  after 
the  dam  failed  and  found  a  driving  blizzard  crippling  the  branch 
road.  Nothing  could  be  done  that  day  and  at  5  o'clock  on  Sunday 
morning  he  began  to  walk  to  the  dam  site,  following  the  railroad 
right-of-way,  plodding  through  heavy  snow  into  which  he  sank  from 
a  few  inches  to  two  feet  at  each  step.  The  scene  was  reached,  notes 
made,  conclusions  formed  and  photographs  taken  in  time  to  catch 
the  logging  train,  which  had  just  extricated  itself  from  the  drifts. 
In  24  hours  the  films  were  developed,  the  story  written  and  material 
being  put  in  type. 

contributors 

A  word  now  regarding  those  who  supply  material  to  the  techni- 
cal journal — the  contributors  and  editors. 

The  number  of  engineering  contributors  is  very  rapidly  increas- 
ing. The  managing  editor  of  our  journal  stated  several  days  ago 
that  if  no  additional  contribution.s  were  received  for  the  next  four 
months  the  supply  on  hand  would  be  ample  to  fill  the  space  which 
will  be  available  after  matters  requiring  immediate  attention  have 
been  provided  for.    All  of  the  material  is  of  first-class  quality.     Its 
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great  fault,  however,  is  in  its  length  and  this  fault  is  characteristic 
of  practically  all  contributed  material.  The  engineer  naturally 
feels  that  his  own  project  is  of  transcendent  importance  and,  instead 
of  picking  out  the  unusual  or  most  interesting  features,  he  describes 
details  that  are  of  interest  only  to  himself  and  to  his  associates  in 
the  work.  The  result  is  not  only  a  great  waste  of  his  own  time  but 
the  probable  rejection  of  the  manuscript.  Many  contributors,  fortu- 
nately, are  willing  to  revise  their  manuscripts  in  accordance  with  the 
suggestions  of  the  editor,  or  to  allow  the  editor  to  cut  them  down. 
It  not  infrequently  happens  that  an  article  rejected  solely  because  of 
its  length,  is  returned  cut  down  one-half.  The  resulting  article  is 
much  better  than  the  first  draft  and  the  reader  saves  time. 

Every  reader  of  a  technical  publication  should  be  a  potential 
contributor.  Certainly  at  least  once  a  year  something  comes  up  in 
his  practice  that  is  worth  while  passing  on  to  his  brothers.  If  he 
will  put  it  in  the  shortest  possible  form  his  effort  will  receive  a 
hearty  welcome  from  the  technical  editor.  Five  one-column  articles 
are  preferable  to  one  five-column  article, 

EDITORS 

As  to  the  editorial  staff  itself  no  single  problem  in  technical 
journalism  offers  so  much  difficulty.  The  men  must  be  engineers  by 
education  and  preferably  by  experience,  must  have  ability  as  writers, 
and  last  but  not  least,  must  have  strong  personalities,  because  only 
such  can  deal  forcefully  with  situations  and  make  the  impression 
necessary  to  secure  the  confidence  of  the  engineers  with  whom  they 
deal.  If  some  formulae  could  be  devised  by  which  such  men  could 
be  infallibly  picked  the  saving  of  time  to  the  editor-in-chief  would 
be  very  large.  As  it  is  now  only  men  of  apparently  special  aptitude 
are  given  a  trial,  and  even  then  the  mortality  is  at  least  50  per  cent. 
The  work  of  training  is  laborious  and  long.  Throughout  this  period, 
and  in  fact  at  all  times,  these  slogans  are  emphasized  in  our  organi- 
zation by  the  editor  and  the  older  staff  men: 

1.  Absolute  accuracy — this  journal  cannot  afford  to  take  a 
chance. 

2.  Get  the  news  first — it  spells  journalistic  success. 

3.  The  way  to  get  information  is  to  go  after  it — work  your 
field  unceasingly. 

4.  We  have  no  room  for  reporters — do  your  share  of  the  edi- 
torial thinking. 

We  impress  upon  them,  moreover,  that  to  be  the  editor  or  asso- 
ciate editor  of  a  great  engineering  paper  is  not  a  job — it  is  a  career. 
This  has  been  frequently  said  and  only  the  man  who  appreciates  it 
thoroughly  is  apt  to  reach  eminence  in  his  work. 

THE  TROUBLES  OF  EDITORS 

Some  of  the  difficulties  experienced  by  the  technical  editor  may 
help  to  a  clearer  comprehension  of  the  work  involved  in  the  making 
of  a  technical  journal. 
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Probably  the  chief  difificulty  is  presented  by  the  tremendous 
amount  of  material  which  daily  must  pass  over  the  editor's  desk. 
This  consists  not  only  of  routine  letters,  but  contributed  and  staflf 
articles,  with  their  accompanying  blue-prints  and  photographs,  spe- 
cial and  annual  reports,  press  bulletins,  proceedings  of  technical 
societies,  clippings,  catalogues,  and  a  mass  of  miscellaneous  material. 
It  is  a  conservative  estimate,  leaving  aside  bulky  printed  reports, 
that  fully  twenty  times  as  much  printable  material  passes  over  the 
editor's  desk  as  is  actually  used.  But  whatever  the  material,  it  can- 
not be  passed  over  slightingly  but  must  be  examined  by  some  one 
familiar  with  the  policy  of  the  journal,  and  the  history  of  each  of 
the  principal  engineering  specialties,  in  order  that  the  new  may  be 
separated  from  the  old,  the  correct  from  the  incorrect,  and  that 
articles  with  "an  axe  to  grind,"  or  which  may  injure  the  character 
or  professional  reputation  of  an  engineer  may  be  discovered.  From 
one  end  of  the  day  to  the  other  decisions  must  be  made.  There  is 
little  chance  for  reflection  and  careful  study.  Reliance  must  be 
placed  upon  a  good  memory,  accurate  judgment,  and  intuition  devel- 
oped by  long  experience. 

There  is  imposed  upon  the  technical  editor,  naturally,  a  very 
grave  responsibility.  By  passing  judgment  without  having  all  the 
facts  clearly  before  him  he  may  seriously  prejudice  engineers  and 
the  public  against  a  meritorious  project,  may  injure  the  reputation 
of  a  practitioner  and  may  permanently  affect  the  standing  of  his 
journal.  This  responsibility  is  fully  appreciated  in  the  offices  of  the 
higher  class  technical  publications,  and  sooner  than  do  damage,  in 
doubtful  cases,  to  the  reputation  of  an  individual  or  an  organization 
judgment  will  be  reserved  even  if  there  is  danger  of  being  accused 
of  being  weak. 

DEPARTMENTS  OF  THE  TECHNICAL  JOURNAL 

Of  the  purely  technical  side  of  engineering  journals  it  is  not 
necessary  to  speak.  That  has  been  sufficiently  covered  in  describ- 
ing the  qualifications  of  contributors  and  editors,  and  pointing  out 
some  of  the  difficulties  of  the  latter.  The  other  divisions,  moreover, 
are  much  less  likely  to  have  had  your  attention. 

We  have  often  been  asked  how  it  is  that  the  technical  journal 
manages  to  cover  in  its  editorial  columns  so  wide  a  range  and  to 
speak  with  authority  on  so  many  fields  of  engineering.  The  method 
is  the  very  natural  one  of  staflf  specialization.  One  editor  is  respon- 
sible for  each  of  the  main  branches  of  engineering  to  which  the 
journal  is  devoted  and  his  duty  is  to  follow  the  developments  so 
closely  that  he  can  speak  authoritatively  on  his  specialty  or  special- 
ties. Moreover,  by  constant  contact  with  the  leaders  of  the  field,  the 
pros  and  cons  of  controversial  matters  are  known,  so  that  when  the 
time  comes  to  speak  the  application  of  the  journal's  general  policy 
to  the  situation  in  hand  allows  conclusions  to  be  formed  quickly. 

It  is  true  that  the  technical  journalist  does  not  originate.  It  is 
for  those  in  professional  practice  to  make  the  advances.    The  jour- 
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nalist's  duty  is  to  observe  and  interpret  them.  While,  therefore,  he 
is  likely  to  lose  his  appreciation  of  details,  that  loss  is  more  than 
compensated  for  by  the  advantage  of  being  able  to  stand  off  at  a 
distance  and  to  observe  a  movement  or  a  new  process  without  the 
warping  tendencies  which  comes  from  too  close  attention  to  details. 
In  this  way  the  technical  editor  should  be  able  to  see  the  philosophy 
of  the  development  going  on  under  his  eye  and  to  present  aspects  and 
relations  that  will  be  an  inspiration  to  those  whose  duties  keep  them 
closely  confined  to  details  or  to  one  specialty. 

NEWS   SECTION 

In  recent  years  there  has  been  a  marked  tendency  to  emphasize 
the  news  pages  of  the  technical  journal.  Ten  years  ago  these  were 
quite  subordinate.  When  important  events  occurred  they  were  duly 
chronicled,  because  it  was  quite  evident  that  the  field  would  be  inter- 
ested in  them.  It  was  not  appreciated,  however,  that  a  bird's-eye- 
view  of  the  field  for  the  week  came  not  from  the  mere  reporting  of 
the  outstanding  events  but  from  gathering  up  from  the  four  corners 
those  little  items  which  more  surely  denote  the  general  tendencies. 
For  that  reason  the  development  has  been  toward  a  great  many 
short  items,  written  in  newspaper  style,  so  that  they  could  be  passed 
over  readily,  leaving  the  reader  in  an  hour  with  a  complete  survey 
of  the  field  for  the  week. 

With  this  tendency  to  give  more  attention  to  current  news  has 
come  also  an  appreciation  of  the  necessity  of  appealing  to  the  human 
side  of  the  engineer.  The  technical  journal  of  the  past  has  been 
characterized  by  a  "deadly  sameness,"  which  tempted  one  to  leave 
his  copy  in  the  wrapper  until  it  was  time  to  send  the  whole  volume 
to  the  binder.  The  type  arrangement  did  not  change  from  year  to 
year,  illustrations  did  not  receive  adequate  attention,  and  the  editor 
scrupulously  blue-penciled  any  sentences  or  phrases  that  had  in 
them  the  least  human  interest. 

The  sentiment  in  the  offices  of  technical  journals,  however,  is 
changing  rapidly.  More  and  more  appeal  is  being  made  to  educated 
and  uneducated  alike  through  pictures  rather  than  through  the 
printed  word.  The  picture  gives  an  immediate  impression — the 
word  is  a  slovver  medium.  Moreover,  printing  itself  has  undergone 
rapid  changes  and  standards  have  been  erected  which  have  raised 
typography  to  the  level  of  an  art.  These  things  are  taking  hold  upon 
technical  editors.  The  evidence  can  be  found  in  many  journals  of 
the  present  day  and  portend  marked  improvements  within  the  next 
few  years.  The  changes  are  being  made,  too,  without  detracting 
from  the  technical  excellence  of  the  journals. 

LESSONS  FROM  THE  NEWSPAPER 

Moreover,  much  is  being  learned  from  the  newspaper.  Long 
articles  are  in  disfavor,  the  "story  form"  is  being  applied  in  tech- 
nical descriptions,  while  "heads"  are  being  written  that  for  crisp- 
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ness  and  informative  value  compares  well  with  those  used  in  the 
newspapers.  As  to  the  story  form,  it  may  be  noted  that  particular 
emphasis  is  being  placed  upon  the  correct  writing  of  the  introduction 
to  the  article.  Unless  the  first  paragraph  shows  the  reader  why  he 
should  read  the  whole  article,  the  copy  goes  back  to  the  sub-editor 
for  rewriting.  A  rapid  style  and  directness  are  insisted  upon,  so 
that  the  reader  may  be  carried  without  distraction  by  useless  details 
from  the  first  paragraph  even  to  the  end  of  the  article.  There  is  still 
much  room  for  improvement,  but  the  evidence  indicates  that  the 
standards  of  the  newspaper  and  of  the  high  class  popular  magazine 
will  in  the  near  future  banish  the  "deadly  sameness"  referred  to. 

PLACE  OF  THE  ADVERTISER  IN  TECHNICAL  JOURNALISM 

It  is  hardly  necessary  to  point  out  that  if  magazines  did  not 
have  advertisers  the  technical  journal  as  we  know  it  today  could  not 
exist.  It  costs  from  $12.00  to  $17.00  per  annum  to  send  a  high-class 
technical  journal  to  a  subscriber,  yet  he  pays  but  $3.00  or  $5.00  for 
it.  From  $9.00  to  $12.00  must,  therefore,  be  taken  from  the  adver- 
tising revenue  and  paid  out  in  expenses  for  each  subscriber  on  the 
list.  That  advertising  is  necessary  in  the  technical  journal  is,  there- 
fore, not  open  for  argument. 

There  has  come  about  a  very  marked  change  in  the  attitude  of 
manufacturers  who  use  space  in  engineering  magazines.  In  former 
days  the  signing  of  an  advertising  contract  was  considered  by  many 
advertisers  as  guaranteeing  to  them  a  certain  amount  of  space  in  the 
editorial  pages,  wherein  their  products  would  be  "boomed"  and  per- 
sonal notes  about  members  of  the  organization  printed.  Weaker 
papers  did  allow  their  editorial  pages  to  be  thus  prostituted,  but  while 
the  best  papers  from  their  very  foundation,  35  to  50  years  ago,  have 
not  permitted  this,  it  is  only  recently  that  advertisers  have  seen  the 
light  and  have  concluded  that  a  journal  which  does  sell  itself 
editorially  cannot  gain  or  hold  the  confidence  of  its  readers  and  is. 
therefore,  not  a  good  advertising  medium. 

The  attitude  of  the  high  class  technical  journal  toward  the 
manufacturer  and  his  product  is  that  those  materials  which  are 
actually  of  value  to  readers  will  be  described  just  as  they  are  brought 
out.  In  other  words,  the  theory  underlying  it  is  the  same  as  that 
underlying  the  publication  of  technical  matter,  and  the  fact  that  the 
manufacturer  is  or  is  not  an  advertiser  is  a  matter  of  indifference 
to  the  editor,  so  far  as  description  of  product  goes.  Succinctly  put : 
While  the  advertising  manager  will  not  use  anything  that  is  not  paid 
for,  the  editor  will  not  use  anything  tliat  is  paid  for.  whether  in 
money  or  any  other  consideration. 

In  another  direction,  however,  the  demands  of  the  advertiser 
are  very  rapidly  increasing — and  justly  so.  Whereas  formerly  he 
bought  space  in  technical  journals  because  he  liked  the  solicitor  or 
had  a  vague  idea  that  the  paper  helped  him  sell  his  goods,  he  now 
demands  classified  circulation  statements,  showing  how  many  read- 
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ers  the  journal  has  in  each  of  the  several  branches  which  it  covers 
and  showing  also  the  geographical  distribution  of  the  readers.  As 
an  indication  of  the  searching  inquiries  made,  some  of  the  questions 
recently  asked  by  one  of  the  subsidiaries  of  the  United  States  Steel 
Corporation  are  here  quoted. 

"Give  a  brief  outline  of  the  periodical's  history. 

"What  distinguishes  this  periodical  in  character  from  others  of 
similar  purpose? 

"What  is  its  editorial  equipment  for  giving  such  service? 

"What  determines  the  limit  of  number  of  subscribers  obtainable 
for  the  periodical  and  what  is  the  estimated  limit? 

"What  is  its  equipment  for  getting  and  keeping  subscribers  ? 

"Is  a  copy  service  department  sustained  at  the  expense  of  the 
journal  for  preparing  copy  for  advertisements? 

"Will  the  publisher  allow  the  advertiser  to  make  a  complete  ex- 
amination of  the  circulation  at  any  time? 

"What  average  circulation  is  guaranteed  for  the  coming  year?" 

In  addition  to  these  were  many  rather  perfunctory  questions 
and  also  blanks  for  the  circulation  analysis  above  mentioned. 

It  can  be  readily  appreciated  that  if  an  advertiser  will  go  to  this 
length  in  determining  the  suitability  of  a  medium  he  will  endeavor 
to  use  the  space  to  the  greatest  advantage.  As  a  matter  of  fact,  this 
is  exactly  what  is  happening,  so  that  the  advertising  pages  of  any 
high-class  paper  will  now  be  found  to  contain  information  of  much 
value.  Most  journals  maintain  copy  or  ad-writing  departments,  em- 
ploying at  least  several  engineers.  That  the  service  is  being  appre- 
ciated by  the  reader  is  evidenced  by  the  good  returns  which  adver- 
tisers receive  and  by  the  suggestions  which  come  in  occasionally  for 
the  improvement  of  a  certain  advertisement  or  of  the  advertising 
pages  as  a  whole.  In  this  connection  it  should  be  said  that  pub- 
lishers are  just  as  grateful  for  suggestions  regarding  improvements 
in  the  advertising  pages  as  they  are  for  changes  in  the  editorial  sec- 
tion, for  they  fully  appreciate  that  any  improvement  in  the  tech- 
nical quality  of  the  advertising  pages  not  only  helps  the  advertiser, 
but  also  raises  the  standing  of  the  journal  and  increases  its  value 
to  the  reader.  "Read  the  advertising  in  technical  journals"  is  a 
slogan  in  the  senior  cl?ss  in  many  of  our  engineering  colleges. 

In  this  connection  it  may  interest  the  younger  engineers  to 
know  that  there  is  a  good  field  developing  here  for  the  application 
of  engineering  talent.  Several  times  recently  heads  of  service  de- 
partments have  declared  that  their  great  need  w^as  for  advertising- 
writers  with  engineering  training.  While  the  work  leads  out  of  the 
practice  of  engineering,  the  chances  for  promotion  into  the  advertis- 
ing or  business  departments  are  excellent  and  offer  work  that  is  well 
paid  and  that  is  attractive  to  men  adapted  thereto. 

THE  FUTURE  OF  TECHNICAL  JOURNALISM 

What  will  be  the  future  of  technical  journalism?  Those  in  the 
work  who  are  gifted  with  visions  see  wonderful  opportunities  for 

April,  1914 


402  Melircii — The  Making  of  a  Technical  Journal. 

expansion  and  better  service  to  the  clientele.  Beyond  that,  however, 
is  an  ideal  to  which  the  technical  journal  should  be  and  is  aspiring — 
to  play  a  larger  part  in  educating  the  public  in  matters  having  an  en- 
gineering aspect.  Right  thinking  is  needed,  for  example,  on  the  part 
of  the  people  at  large  regarding  the  valuation  of  public  utilities  for 
purposes  of  rate  making.  Theories  widely  prevalent  are  confiscatory 
of  private  property.  What  agency  is  so  well  fitted  as  the  technical 
journal  to  expound  sound  doctrine?  What  medium  is  more  suitable 
for  linking  up  scientific  principles,  facts,  and  the  public  interests  on 
such  matters  as  the  pollution  of  streams,  the  prevention  of  floods, 
the  sane  development  and  financing  of  highway  systems,  and  the 
writing  of  building  codes?    All  of  these  rest  on  an  engineering  basis. 

Furthermore,  the  public  needs  education  as  to  the  status  of  en- 
gineers and  the  advisability  of  appointing  them  to  public  office 
largely  concerned  with  engineering  work.  Here  again  the  technical 
journal  should  be  qualified  to  speak. 

But  how  can  that  influence  be  exercised?  The  general  public 
does  not  read  engineering  magazines.  The  scheme  is  to  exercise  that 
influence  on  the  newspapers  of  the  country  and  have  them  pass  the 
doctrines  on  to  their  readers.  Already  great  progress  has  been  made 
along  these  lines  and  better  relations  are  established  today  between 
the  technical  press  and  the  newspaper  editors  than  ever  before.  Im- 
portant and  interesting  items  are  taken  from  the  journal  each  week, 
boiled  down,  freed  from  technicalities  and  distributed  to  the  news- 
papers of  the  country.  The  result  is  a  w^eekly  broad  dissemination 
of  engineering  information.  Much  of  it  is  descriptive  merely,  but  at 
the  same  time  the  newspaper  editor  is  getting  more  familiar  with  it 
and  is  being  favorably  disposed  to  the  journal.  That  is  the  first 
step  to  his  confidence.  When  that  is  won  he  will  not  need  to  be 
urged,  but  of  his  own  volition  will  turn  to  the  technical  journal  for 
counsel  wdien  an  important  engineering  matter  is  at  issue. 

THE  PLACE  OF  THE   ENGINEERING  SOCIETY 

But  the  technical  journal  should  not  be  alone  in  this  work. 
Working  side  by  side  with  it  should  l)e  the  local  society.  Your  posi- 
tion being  disinterested,  you  can  readily  get  the  ear  of  the  city  editor, 
and  appropriate  public  policy  and  publicity  committees  should  tiius 
be  able  to  make  the  society  a  factor  in  local  affairs.  You  have  an 
opportunity  as  great  as  that  of  the  national  engineering  society.  It 
can  concern  itself  only  with  national  issues  and  can  speak  only  when 
the  issue  is  unusually  clear  cut,  for  local  conditions  make  for  radi- 
cally different  views  (M1  all  large  (|ucstions.  I'nanimity.  therefore,  is 
almost  out  of  the  question  on  public  affairs,  except  on  a  few 
transcendent  matters.  Tn  the  local  society,  however,  it  should  be 
much  easier  to  reach  agreement  as  to  policy.  The  advocacy  of  engi- 
neers on  public  service  commissions,  or  of  the  establishment  of  com- 
missions to  study  engineering  problems  aft'ecting  the  public  health, 
whether  as  to  water  supply,   sewage   treatment,  garbage  disposal, 
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street  cleaning  or  sanitation  of  industrial  plants,  all  come  within 
the  purview  of  the  local  engineering  society.  In  the  mechanical  field 
there  are  equally  important  issues,  particularly  as  to  legislation  on 
safety  devices,  boilers,  boiler  inspection,  etc. 

In  this  connection  let  me  emphasize  another  aspect  of  the  engi- 
neer and  publicity.  There  is  altogether  too  much  suppression  of 
technical  news.  The  reporter  is  not  wanted,  on  the  general  theory 
that  he  is  indifferent  as  to  facts.  That  broad  assertion  is  in  general 
not  true.  He  does  want  to  present  facts  properly,  but  if  the  infor- 
mation is  given  him  in  technical  terms  it  is  not  to  be  expected  that 
his  version  will  pass  engineering  analysis.  It  is  good  policy  to  make 
an  effort  to  be  pleasant  to  him  and  see  that  he  understands  what  he 
is  getting — for  the  first  canon  of  newspaper  work  is  to  "get  the 
news,"  and  he  is  bound  to  get  something,  right  or  wrong.  Without 
assistance  or  against  opposition,  the  account  may  be  incorrect  and 
grossly  unjust  to  the  engineer  or  owner.  If  such  is  the  case,  the 
engineer  in  most  cases  has  himself  to  blame. 

Finally,  it  is  a  fair  question  as  to  the  relations  of  the  local 
society  and  the  technical  journal.  The  latter  can  do  two  things  for 
the  society :  First,  assist  it  in  its  technical  work  by  reprinting  ab- 
stracts of  important  papers,  giving  due  credit,  of  course,  to  the 
society ;  and,  second,  by  publishing  news  as  to  its  public  activities, 
encourage  all  organizations  of  the  same  type  to  assert  themselves, 
and  thus  do  their  part  in  spreading  the  influence  of  the  engineer  and 
raising  his  status.  The  technical  journal  and  the  society  have,  in 
the  last  analysis,  the  same  aim — the  good  of  the  profession.  They 
should  be  partners,  each  working  effectively  within  its  own  sphere. 
Some  things  the  society  can  do  better  than  the  technical  journal,  on 
account  of  its  close  organization  and  personal  contact ;  some  things 
the  journal  can  do  the  better  through  its  wider  audience.  Both 
should  realize  their  copartnership,  for  such  realization  is  the  fore- 
runner of  co-operation,  and  by  co-operation  they  will  the  more 
effectively  carry  out  their  program — the  advancement  of  the  pro- 
fession and  of  professional  knowledge. 
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IN  MEMORIAM 

ROBERT  STROTHER  DRAPER,  assoc.  w.  s.  e. 
Died  March  jsy,  1914- 

Robert  Strother  Draper  was  born  in  Chicago,  Illinois,  August 
16,  1883.     He  was  the  son  of  Henry  C.  and  Ellen  E.  Draper. 

He  attended  the  public  schools  of  Chicago,  also  Armour  Scien- 
tific Academy,  where  he  graduated  in  June,  1899.  He  attended 
Armour  Institute  of  Technology  from  1900  to  1903,  leaving  in  the 
spring  of  1903  to  enter  the  employ  of  F.  A.  Peckham  in  general 
railroad  contracting,  Mr.  Draper's  early  engineering  training  cov- 
ered a  wide  field,  and  while  still  in  his  teens  he  had  held  positions 
as  Topographer  and  Draftsman  with  the  Illinois  &  Rock  River  Elec- 
tric Railway,  summer  of  1900;  Draftsman  with  Holabird  &  Roche, 
Architects,  summer  of  1901 ;  Inspector  and  Chief  Clerk,  Engineering 
Construction,  Missouri  Pacific  Railway,  fall  of  1901 ;  Topographer^ 
Atchison,  Topeka  &  Santa  Fe  Railway,  summer  of  1902.  In  the 
fall  of  1903  Mr.  Draper  was  made  Assistant  Engineer,  Chicago 
Junction  Railway,  on  track  elevation  work,  and  in  this  position  he 
designed  most  of  their  masonry  construction.  After  this  work  was 
completed  in  1907  he  was  engaged  as  Engineer  and  Salesman  for 
the  Trussed  Concrete  Steel  Company  at  Detroit,  leaving  them  in 
1908  to  accept  a  position  as  Salesman  with  the  Weber  Chimney  Com- 
pany of  Chicago.  In  1909  Air.  Draper  went  with  the  General  Con- 
crete Construction  Company  as  Contracting  Engineer  and  Sales 
Manager,  which  position  he  held  until  the  time  of  his  deatli.  He 
was   also  Vice-President  of  the  General  Steel  Products  Co. 

Mr.  Draper  had  specialized  in  concrete  construction  and  had 
designed  a  great  many  reinforced  concrete  chimneys,  grain  elevators, 
and  tanks.  His  professional  career  was  largely  influenced  by  his 
father,  Henry  Clinton  Draper,  a  prominent  Railroad  iMigineer  and  a 
highly  respected  member  of  this  Society,  who  died  May  23.  1W3. 

In  1902  Mr.  Draper  married  Miss  Ruth  Clarkson.  of  Chicago, 
who  with  a  four-year-old  daughter,  Virginia,  survive  him. 

Mr.  Draper  joined  the  Western  Society  of  Engineers  in  1^06 
as  a  Junior  IMcmber  and  was  transferred  to  Associate  Member 
grade  in  1911.  Tie  was  a  member  of  the  Union  League  Club  and  the 
Masonic  Order. 


Memoir  jircparcd  by   Chason   W.   Brooks,  A.ssoc.  w.  s.  E.,  comniittoc. 
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ABEL  O.  ANDERSON,  m.  w.  s.  e. 
Died  May  i6,  1^13. 

Abel  O.  Anderson  was  born  at  Lake  City,  Iowa,  December  7, 
188L  He  graduated  from  the  Lake  City  High  School  in  1900,  and 
from  Iowa  State  College  in  19D6  with  the  degree  of  B.  S.  in  Mining 
Engineering. 

During  his  college  career  he  designed  and  installed  a  telephone 
system  for  a  town  in  Iowa,  and  made  surveys,  plans,  and  estimates 
for  a  short  line  of  railway.  During  the  winter  months  of  1906-7-8 
he  worked  in  the  Chemical  Section  of  the  Engineering  Experiment 
Station.  During  the  corresponding  summers  he  enjoyed  a  liberal 
private  practice  in  general  engineering  work. 

The  change  in  the  drainage  laws  about  this  time  caused  much 
work  along  drainage  lines  and  Mr.  Anderson  handled  practically  all 
the  county  work  in  Sac,  Calhoun,  and  Webster  Counties  for  four 
years. 

It  was  this  experience  that  caused  him,  in  1910,  to  be  selected 
as  Assistant  Engineer  of  the  Civil  Engineering  Section  of  the 
Experiment  Station,  of  the  Iowa  State  College,  because  the  station 
was,  at  this  time,  just  establishing  the  last  of  four  experimental 
drainage  systems  in  the  different  parts  of  the  State.  In  addition 
to  this  work  he  had  charge  of  the  local  testing  of  materials  sent  in 
from  over  the  State.  This  part  of  the  work  consisted  mostly  of 
testing  cement  and  paving  brick. 

Soon  after  Mr.  Anderson's  arrival  at  the  college  special  in- 
vestigations along  the  line  of  improving  the  quality  of  tile  drainage 
were  started,  and  he  turned  his  attention  entirely  to  drainage  mat- 
ters. A  year's  experimental  work  with  actual  ditch  and  tile  con- 
struction, including  the  weighing  of  pressures  in  ditches  up  to  30 
feet  in  depth,  and  the  breaking,  in  test,  of  several  carloads  of  tile, 
resulted  in  the  accumulation  of  data  for  a  180-page  bulletin  entitled 
"The  Theory  of  Loads  on  Pipes  in  Ditches,  and  Tests  of  Cement  and 
Clay  Drain  Tile  and  Sewer  Pipe."  The  first  copy  of  the  bulletin 
came  from  the  press  just  after  Mr.  Anderson's  death  and  he  had  not 
the  satisfaction  of  seeing  the  results  of  his  labors. 

He  was  a  man  fairly  bristling  with  energy  and  ideas,  and  is 
daily  missed  in  the  laboratory  and  office. 

He  was  a  member  of  the  American  Society  for  Testing  Ma- 
terials, the  National  Association  of  Cement  Users,  the  Iowa  Cement 
Lasers'  Association,  Honorary  Member,  Interstate  Cement  Tile 
Manufacturers'  Association,  as  well  as  a  Member  of  the  Western 
Society  of  Engineers. 


Memoir  prepared  by  C.  A.  Baughman,  m.w.s.e.,  committee. 
April,  1914 


PROCEEDINGS  OF  THE  SOCIETY 

i\IlNUTES    OF    THE    MEETINGS. 

Extra  Meeting,  March  30,  1914. 

An  extra  meeting  of  the  Society  (No.  857)  was  held  Monday 
evening,  March  30,  1914.  This  was  a  Ladies'  Night.  The  meeting  was 
called  to  order  about  8  p.  m.  with  about  140  ladies  and  gentlemen  in 
attendance.  Mr.  Henry  Schauffier  and  Mrs.  George  Colburn  gave  some 
instrumental  music,  and  Mr.  A.  H.  Andrews  gave  an  interesting  lecture 
on  "The  Cliflf  Dwellers,"  with  stereopticon  illustrations.  After  a  little 
more  music,  the  meeting  adjourned,  when  refreshments  were  served. 

Regular  Meeting,  April  6,  1914. 

A  regular  meeting  of  the  Society  (No.  858)  was  held  Monday 
evening,  April  6,  1914.  The  meeting  was  called  to  order  by  President 
Lee  at  7:45  p.  m.,  with  about  70  members  and  guests  in  attendance. 
The  reading  of  the  minutes  of  the  previous  meeting  was  omitted.  The 
Secretary  reported  from  the  Board  of  Direction  that  at  their  meeting 
held  that  afternoon  the  following  had  applied  for  admission  to  the 
Society: 

Shelby  Sanfley  Roberts,  Chicago. 

J.  A.  Stromberg,  Chicago. 

Theodore  F.  Laist,   Chicago. 

Philip  J.   Hickey,   Chicago. 

Hubert  P.  T.  Matte,  Oak  Park,  111. 

Eugene  Daniel  Swift,  Chicago. 

Oswald  A.  Tislow,  Detroit,  Mich.     (Transfer.) 

Frank  H.  Drury,  Chicago. 

Eugene  Gellona,  V^alparaiso,  Ind. 

William  Everett  Hartman,  (Chicago. 

Charles  Pope  Howard.  Chicago. 

Quincy  Allen    Hall,    Chicago. 

Frederick  E.  Morrow,  Chicago. 

Also,   that  the   following  had  l)een   elected   into   the   Society: 

F.arle    Cliflford    Hazlett,    Los   Angeles,    Cal Junior  Member 

Carl    E.    P>rockhausen,    Chicago Member 

Edward   Cherrie    Holdcn.    Chicago Junior  Member 

Francis    H.    Wright,    Ciiicago Member 

James  Sorenson,   Milwaukee,  Wis.,  transfer  to Junior  Member 

Charles  A.   Morse,  Chicago Member 

Wm.  O.  Lichtner,  Newton  Highlands,  Mass Member 

Mr.  Andrews  Allen  was  then  introduced,  who  read  his  paper  on  "The 
Engineering  Opportunities  of  our  Coal  Mining  Fields."  Discussion  fol- 
lowed from  President  Lee  and  Messrs.  W.  C.  Armstrong,  W.  C.  Corl, 
Ernest  McCuUough,  J.  A.  Garcia,  R.  G.  Lawry,  F.  G.  Vent,  A.  Reich- 
mann,  J.  N.  Hatch.  Frank  Rasmussen,  and  E.  E.  R.  Tratman,  with  a 
written  discussion  from  Mr.  W.  T.  Curtis  of  Detroit,  and  a  closure  from 
Mr.  Allen. 

Meeting  adjourned  about  10:1.'.  p.  m.,  when  coffee  and  sandwiches 
were  served. 

Hxtra  Meeting,  April   is,   1914. 

An  extra  meeting  of  the  Society  (No.  859),  the  Bridge  and  Structural 
Section,  was  held  ^Ionday  evening,  .^pril  13,  l')14.  Tlie  meeting  was 
called  to  order  at  7:40  ji.  m.,  by  J.  W.  Musham,  Vicc-Chairman  of  the 
Section,  with  about  ;{<)  members  and  guests  in  attendance.  Mr.  B.  J. 
Sweatt  was  introduced,  who  read  his  paper  on  Third  Avenue  Reinforced 
Concrete    Bridge    at    Cedar    Rapids,    Iowa.      This    was    illustrated    by    a 
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number  of  stereopticon  views.  Discussion  followed  from  Messrs.  J.  W. 
Musham,  E.  N.  Layfield,  H.  C.  Lothholz,  I.  F.  Stern,  W.  S.  Lacher, 
H.  S.  Baker,  B.  E.  Grant,  G.  M.  Mayer,  C.  C  Saner,  with  answers  and 
explanations  by  Mr  Sweatt.  A  vote  of  thanks  was  tendered  Mr.  Sweatt 
for  his  paper. 

Meeting  adjourned  at  8:40  p.  m. 

Extra  Meeting,  April  20,   1914. 

An  extra  meeting  of  the  Society  (No.  860)  was  held  Monday 
evening,  April  20,  1914.  The  meeting  was  called  to  order  at  7:55  p.  m. 
by  President  Lee,  with  about  50  members  and  guests  in  attendance. 
The  Secretary  announced  the  deaths  of  Emil  Gerber  in  Pittsburgh  on 
April  16th,  and  of  Past  President  Alfred  Noble,  in  New  York,  April 
19th.  A  motion  was  ofifered  and  passed  that  the  President  appoint  com- 
mittees to  prepare  memorials  of  these  deceased  members.  Prof.  H.  H. 
Stock  was  then  introduced,  who  presented  his  paper,  "Mining  Labora- 
tories of  the  University  of  Illinois."  Stereopticon  views  were  used  in 
illustration.  Discussion  followed  from  Messrs.  F.  W.  DeWolf,  W.  R. 
Roberts,  H.  N.  Elmer,  Andrews  Allen,  S.  T.  Smetters,  with  replies  and 
explanations  from   Professor  Stock. 

Meeting  adjourned  about  9:30  p.  m. 

Extra  Meeting,  April  27,  1914. 

An  extra  meeting  of  the  Society  (No.  861),  a  joint  meeting  of  the 
Electrical  Section,  W.  S.  E.,  and  Chicago  Section,  A.  L  E.  E.,  was  held 
Monday  evening,  April  27,  1914.  The  meeting  was  called  to  order  at 
8:10  p.  m.  by  Mr.  D.  W.  Roper,  Chairman,  with  about  70  members  and 
guests  in  attendance.  The  Chairman  announced  that  at  the  next  meeting 
in  May  there  is  to  be  an  election  of  officers  of  the  Chicago  Section, 
A.  I.  E.  E.  Mr.  W.  B.  Jackson  ofifered  a  motion  that  a  nominating 
committee  be  appointed  by  the  Chairman  to  present  at  the  next  meeting, 
names  of  candidates  for  officers  of  the  Section.     Motion  carried. 

The  Chairman  then  introduced  Mr.  F.  G.  Gasche,  who  read  his  paper, 
"Power  Problems  in  the  Steel  Business."  Discussion  followed  from 
Messrs.  D.  W.  Roper,  W.  B.  Jackson,  H.  H.  Wait,  T.  Milton,  E.  W. 
Allen,  W.  Sykes,  and  O.  H.  West,  with  answers  and  explanations  from 
Mr.  Gasche.  The  Secretary  ofifered  a  vote  of  thanks  to  the  author  for 
his  interesting  and  valuable  paper,  which  was  carried. 

Meeting  adjourned  about  9:40  p.  m. 
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BOOK  REVIEWS 

The  Books  Reviewed  Are  in  the  Library  of  This  Society. 

Igneous  Rocks. — By  Joseph  P.  Iddings.    John  Wiley  &  Sons,  New  York. 

Cloth.     SVz  by  9  in.     Vol.  I,  pp.  xi  and  464,  1909;  price  $5.00.     Vol. 

II,  pp.  xi  and  685,  1913;  price  $6.00. 

These  two  volumes  are  part  of  the  same  work  as  the  author's  well- 
known  book  on  "Rock  Minerals,"  and  the  three  volumes  form  an 
exhaustive  treatise — certainly  the  most  complete  in  the  English  language 
— on  the  subject  of  igneous  rocks,  their  composition,  structure,  relations, 
origin,  etc. 

The  first  volume  of  the  work  under  review  is  devoted  to  the  com- 
position, texture,  and  classification  of  igneous  rocks  and  has  two  parts, 
the  first  of  which  discusses  the  chemical  and  mineral  composition  of 
these  rocks,  while  the  second  deals  with  nomenclature  and  classification. 
The  latter  subject  is  considered  in  detail  and  the  "quantitative  classifi- 
cation of  igneous  rocks"  developed  a  few  years  ago  by  the  author  in 
collaboration  with  Messrs.  Cross,  Pirsson,  and  Washington,  is  explained. 
Volume  II  is  concerned  with  a  careful  description  of  the  different  types 
of  igneous  rocks  and  with  a  discussion  of  their  occurrence,  especially 
their  distribution  in  different  parts  of  the  world,  with  the  view  of  laying 
a  foundation  for  the  study  of  possible  petrographic  provinces.  Through- 
out the  discussion,  chemical  analyses  are  used  with  great  freedom. 

These  two  volumes  on  igneous  rocks  represent  the  result  of  investi- 
gation and  study  of  a  long  series  of  years  by  America's  foremost 
petrographer,  and  they  furnish  a  storehouse  of  information,  as  well  as 
much  food  for  thought  and  further  study,  to  any  one  who  will  consult 
them.  They  are  not,  however,  written  for  one  who  is  unfamiliar  with 
the  elements  of  modern  petrology.  U.   S.   G. 

Inspection  of  Concrete  Construction.     By  Jerome   Cochran,  B.S.,  C.E., 

M.C.E.      Myron    C.    Clark    Publishing    Co.,    Chicago.      1914.      Cloth; 

6  by  9  in.;  pp.  595-)-xiv;  including  index.     Price,  $4.00  net  postpaid. 

The  book  is  divided  into  eleven  successive  chapters  as  follows: 
Inspection  of  Hydraulic  Cement;  Inspection  of  Sand,  Stone  and  Miscel- 
laneous Concrete  Materials;  Inspection  of  Proportioning  and  Mixing 
Concrete;  Inspection  of  Forms,  Molds,  Centering  and  Falsework;  In- 
spection of  Steel  Reinforcement;  Inspection  of  Concreting;  Inspection  of 
Surface  Finishes;  Inspection  of  Waterproofing;  Inspection  of  Concrete 
Sidewalk,  Curb,  and  Pavement  Construction;  Inspection  of  Ornamental 
Concrete,  Building  Blocks,  Posts,  Ties,  and  Pipe;  Inspection  of  Molding 
and  Driving  Concrete  Piles. 

The  book  is  by  all  means  the  best  book  published  for  concrete 
inspectors  and  it  was  needed. 

The  design  of  structures  is  not  touched  upon. 

The  book  could  have  been  made  more  attractive  and  useful  if  the 
illustrations  and  photographs  had  been  judiciously  used.  In  its  600 
pages  there  are  but  three  or  four  small  cuts. 

It  is  unfortunate  tliat  the  author  felt  obliged  to  repeat  so  much 
of  the  material  under  different  headings,  for  one  tires  of  reading  appar- 
ently the  same  matter  an  indefinite  number  of  times.  Rouglily  speaking, 
it  appears  that  the  same  amount  of  information  could  have  been  given 
with  one-half  the  number  of  pages.  The  book  is  simply  tiresome  in 
endless  repetitions. 

There  are  various  recommendations,  of  course,  about  which  there 
is  difference  of  opinion,  with  little  allowance  for  advancement  in  the 
art.  The  energetic  inspector,  after  reading  the  book,  must  not  feel  that 
he  possesses  knowledge  of  all  methods  and  their  results,  and  try  to 
enforce  his   knowledge. 
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There  are  various  things  apparently  omitted  which  it  appears  to  the 
reviewer  should  have  a  place,  and  some  methods  suggested  which  are 
not  common  practice  at  least. 

The  book,  however,  aims  at  better  concrete  work  and  therefore 
should  be  commended.  W.  A.  H. 

Designing  and   Detailing  of   Simple   Steel   Structures.    By   Clyde  _  T. 

Morris,   M.,  Am.  Soc.   C.   E.,   Professor  of  Structural   Engineering, 

Ohio  State  University.    1914.    Cloth.  6  by  9  in.;  pp.  260;  illustrated. 

Price,  $2.25. 

This  book  is  the  third  edition,  revised,  enlarged,  and  reset.  The 
following  paragraph  is  the  author's  preface  to  his  third  edition: 

"After  four  years'  use  in  the  class  room,  the  author  has  decided  that 
the  arrangement  of  the  chapters  could  be  improved  and  as  he  wished 
to  include  some  additional  material  in  the  book,  he  has  taken  this  oppor- 
tunity to  change  the  order  of  presentation  of  the  different  topics.  The 
whole  book  has  received  careful  revision  and  several  of  the  chapters 
have  been  partially  rewritten.  A  new  chapter  on  highway  bridges  has 
been  added,  together  with  a  reprint  of  the  Specifications  for  Steel  High- 
way Bridges  of  the  State  Highway  Department  of  Ohio.  About  half  of 
the  figures  in  the  book  have  been  redrawn  and  a  number  of  new  figures 
added  and  such  errors  as  have  been  discovered  in  the  text  have  been 
corrected." 

A  review  of  the  first  edition  appeared  in  the  1910  volume  of  the 
Journal  of  this  Society,  and  for  the  convenience  of  the  reader  it  is 
quoted  herewith: 

"With  the  exception  of  occasional  chapters  in  exhaustive  treatises 
on  bridge  and  structural  engineering,  there  has  been  but  little  published 
dealing  specifically  with  good  practice  and  methods  in  designing  and 
detailing  of  steel  structures.  The  subject  of  stresses  appears  to  be 
sufficiently  covered.  There  is  no  lack  of  books  on  this  subject,  and  it  is 
a  favorite  study  in  all  technical  schools.  But  the  art  of  producing 
'details  which  are  in  accord  with  the  stresses  they  have  to  transmit'  has 
been  practically  overlooked,  or  left  to  be  picked  up  by  the  engineer  as 
best  he  may  in  practice.  This  work,  therefore,  fills  a  real  need.  It  is 
written  with  the  presumption  that  the  reader  is  familiar  with  methods 
of  calculating  stresses,  and  little  space  is  given  to  this  subject. 

"The  book  covers  in  detail  riveting,  roofs,  plate-girder  bridges  and 
pin-connected  bridges,  and  contains  two  general  chapters  on  designing, 
estimating,  manufacture,  and  erection.  No  claim  is  made  to  exhaustive- 
ness  in  this  treatment  of  the  subject. 

"The  author  advises  keeping  at  hand,  for  reference,  the  larger 
standard  works  on  bridge  and  structural  engineering.  But  the  work 
<loes  attempt  to  supply,  in  compact  form  and  in  sufficient  detail,  just 
such  information  as  the  engineer  or  draftsman  needs  in  his  daily  work. 
The  success  with  which  this  is  done  suggests  the  idea  that  the  book  is 
the  result  of  years  of  practice  on  the  part  of  the  author.  The  work  as 
a  whole  is  simply  an  outline  of  good  practice  as  recognized  by  all 
competent  designers. 

"The  general  chapters  on  designing,  estimating,  manufacture,  and 
erection  contain  much  that  is  of  value  on  office  methods  and  equipment, 
and  the  ordering  and  handling  of  material,  as  well  as  information  on 
shop  work,  inspection,  and  erection. 

"The  book  is  well  adapted  to  the  needs  of  both  the  engineer  and 
the  draftsman.  J.   E.  M." 
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LIBRARY  NOTES 

The  Library  Committee  desires  to  return  thanks  for  donations  to 
tlie  library.  Since  the  last  publication  of  the  list  of  such  gifts,  the 
following  publications  have  been  received: 

NEW    BOOKS. 

McGraw-Hill  Book  Co.: 

Designing  and   Detailing  of  Simple   Steel   Structures,    Clyde  T. 
Morris.     Revised  and  Reset.     Cloth. 

MISCELLANEOUS    GIFTS. 

Robert   H.  Whitten: 

Fair  Value  for  Rate  Purposes,  Whitten.     Pam. 
•  Regulation     of     Public    Service     Companies    in     Great     Britain, 
Whitten.     Pam. 
Metropolitan  Sewerage  Commission,  New  York: 

Preliminary  Reports  on  Disposal  of  New  York's  Sewage,  Xos. 
XI,  XII,  XIII,  XIV,  XV,  XVI.     Paper. 
New   Hampshire    Public   Service    Commission: 

Report  for  Year  1913.     Cloth. 
H.  M.  Byllesby  &  Co.: 

Arbitration    Proceedings,    Indianapolis    Traction    Company    and 

Employees.     Pam. 
Proceedings,  City  Planning  Conference,  Chicago,  1913.    Cloth. 
Report    of    Transit    Commission,    City    of    Philadelphia,    1913. 

2  vols.     Cloth. 
American  Railway  Number,  London  Times,  June  28,  1912.  Cloth. 
Reports  of  Progress  of  Stream  Measurements  in  Canada,  1912. 
Pam. 
Columbus,  Ohio,  Division  of  Water: 
Annual   Report,   1913.     Pam. 

Sanitary  Research  Laboratory,  Massachusetts  Institute  of  Technology: 

Contributions,  Vols.  4,  6,  7,  8,  9.     5  pams. 
Daniel  W.  Mead,  M.W.S.E.: 

The  Present  Status  of  the  Water  Powers  of  Wisconsin,  Mead. 
Pam. 

EXCHANGES. 

National  Paint  Manufacturers'  Association: 

Bulletin  No.  41,  The  Toxic  and  Antiseptic  Properties  of  Paints. 
Pam. 

American  Water  Works  Association: 

Proceedings,  1913.     Cloth. 
Canada  Department  of  Mines  (Geological  Survey): 

Guide  Books  Nos.  5,  8,  9,  10.     6  pams. 
Royal   Pliilosopliical  Society  of  Glasg-ow: 

Proceedings,   Vol.   XLIV,   1912-13.     Paper. 
New  Jersey  State  Board  of  Health: 

3(Uh  Annual  Report,  1912.     Cloth. 
Missouri  Bureau  of  Geology  and  Mines: 

Biennial  Report  of  State  Geologist.     Pam. 

Geology  of  the  Rolla  Triangle.     Cloth. 
.American   Institute  of  Consulting  Engineers: 

Address  by  President  Alfred  Noble  at  .Annual  Meeting,  Jan.  20, 
1914.     Pam. 

Institution  of  Engineers  and  Shipbuilders  in  Scotland: 
Transactions,  Vol.   L\I,   1912-13.     Cloth. 
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Virginia  Geological  Survey: 

Coal  Resources  and  General  Resources  of  the  Pound  Triangle. 
Pam. 
Idaho   Society  of  Engineers: 

Journal,  June,  1913.     Pam. 
Brookline,   Mass.,  Water  Board: 

Annual  Report,  1913.     Pam. 
Engineering  Association  of  the  South: 

Proceedings,  Jan.,  Feb.,  Mar.,  1914.     Pam. 
American  Society  of  Agricultural  Engineers: 

Transactions,  St.  Paul  Meeting,  Dec,  1911.     Pam. 

GOVERNMENT    PUBLICATIONS. 

U.  S.  Bureau  of  Standards: 

Scientific    Paper    No.    213,    Critical   Ranges   A2   and   A3   of   Pure 
Iron.     Pam. 
U.  S.  Bureau  of  the  Census: 

Mortality    Statistics,    1912.     Cloth. 

Financial  Statistics  in   Cities  over  30,000  in  1912.     Paper. 

Insane  and  Feeble  Minded  in  Institutions,  1910,     Paper. 

Paupers  in  Almshouses  in  1910.     Paper. 
U.  S.  Bureau  of  Mines: 

Third  Annual  Report  of  Director,  1913.     Pam. 

Technical  Papers   Nos.  39,  58,  66,  69,  71.     Pams. 

Bulletins  Nos.  42,  68.     Pams. 

Monthly   Statement   of   Coal   Mi.iC   Fatalities   in   United   States, 
December,  1913.     Pam. 
U.  S.  Geological  Survey: 

78  Topographical  Maps. 

Fuel  Briquetting  in  1913.     Pam. 
U.  S.  Coast  and  Geodetic  Survey: 

Results  of  Magnetic  Observations,  July  1,  1911,  to  Dec.  31,  1912. 
Paper. 

Results  of  Observations  at  Sitka,  Alaska,  1911  and  1912.     Paper. 
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MEMBERSHIP 

Change  of  Address. 

Weber,   Carl,   President,    Gun-Crete    Company,    1029   McCormick    Bldg., 
Chicago. 

Additions. 

Brockhausen,   Carl   E.,   Chicago Member 

Hazlett,   Earle   C,   Los  Angeles,   Cal Junior        Member 

Holden,  Edward  C,  Chicago Junior        Member 

Lichtner,  Wm.  O.,   Newton   Highlands,    Mass Member 

Morse,   Charles  A.,   Chicago Member 

Wright,   Francis  H.,   Chicago Member 

Transfers. 

Sorenson,   James,   Milwaukee.    Wis.,    Student    to Junior        Member 


Deaths. 

Gerber,  Emil,  Pittsburgh,  Pa.,  April  16,  1914. 
Noble,  Alfred,  New  York,  N.  Y.,  April  19,  1914. 
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THE    ENGINEERING    OPPORTUNITIES    OF    OUR 
COAL   MINING   FIELDS 

Andrews  Allen,  m.  w.  s.  e. 

Presented  April  6,  1^14. 

The  demands  of  the  coal  mining  industry  cover  many  dif- 
ferent lines  of  specialized  engineering.  The  mining  engineer, 
of  course,  carries  the  principal  burden,  for  he  it  is  who  must 
devise  and  oversee  the  general  scheme,  locate  the  coal,  and  de- 
termine in  advance  the  best  method  of  development.  He  must 
plan  the  workings,  get  the  output,  and  meet  the  thousand  and 
one  emergencies  arising  in  daily  operation.  But  in  these  days 
of  large  operations  no  mining  engineer  can  possibly  cover  tlie 
ground  alone.  He  must  call  on  other  specialists  to  give  him' 
the  tools  with  which  he  works  and  the  power  to  operate. 

Structural  engineering  covers  the  design,  construction,  and 
maintenance  of  the  various  mining  structures  and  buildings.  Elec- 
trical engineering  covers  the  generation,  transmission,  adapta- 
tion and  use  of  electricity  for  mining  purposes.  Steam  engi- 
neering (if  we  make  this  subdivision)  covers  the  generation  of 
power  from  coal  and  its  transmission  to  the  hoisting  rope  or  the 
generator  armature,  and  mechanical  engineering  covers  the  vari- 
ous mechanical  processes  for  producing  and  preparing  coal,  tak- 
ing it  from  the  mine  car  and  delivering  it  as  a  finished  and 
marketable  product,  also  the  many  problems  of  maintaining  a 
perfect  and  efficient  plant  far  from  the  base  of  supplies. 

The  special  object  of  this  paper  is  to  call  the  attention  of 
engineers  in  these  lines  to  the  great  opportunities  in  mining 
construction  work;  also  to  present  to  the  coal  operator  and  to 
the  mining  engineer  a  brief  summary  of  the  results  that  good 
engineering  may  be  expected  to  produce  for  them  and  to  call 
their  attention  to  the  advantages  of  obtaining  such  services 
from  professional  engineering  firms. 

The  conditions  under  which  a  coal  mine  is  operated  in  this 
country  are  extremely  severe  and  unusual. 

First:  An  enormous  bulk  of  fragile  material  must  be 
handled  very  rapidly  and  with  minimum  breakage.    A  4,000  ton 
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mine  must  dig,  load,  weigh,  prepare  and  place  on  cars  approxi- 
mately 5,900  cubic  yards  of  coal  in  eight  hours.  Or,  measured 
in  another  way,  such  a  mine  will  load  a  train  of  eighty  cars  of 
100,000-lb.  capacity  each  in  one  day.  Such  a  train  would  be 
approximately  3,600  ft.  long  and  each  car  must  contain  mer- 
chantable coal  of  one  sort  or  another. 

Second :  The  cost  per  ton  of  digging  and  loading  coal  is  fixed 
by  the  miners'  agreement,  and  labor  saving  methods  can  be  intro- 
duced, as  a  rule,  only  by  lighting  them  out  with  the  miners  and 
agreeing  to  a  differential  under  which  the  miners  get  most  of  the 
advantage  (I  am  not  arguing  the  right  or  wrong  of  this  question, 
merely  stating  facts).  A  comparatively  small  part  of  the  cost  of 
producing  coal  is  thus  subject  to  reduction  by  labor  saving  methods 
and  by  substitution  of  machine  for  hand  lal)or. 

Third :  The  hours  of  labor  are  fixed  by  the  miners'  agree- 
ment, so  that  no  lost  time  can  be  made  up,  and  the  loss  falls  on 
the  operator,  as  he  is  in  no  position  to  protect  himself.  No 
losses  of  time  from  break-downs,  repairs,  accidents  or  shut- 
downs can  be  made  up  by  the  operator.  He  has  to  stand  them 
whether  it  breaks  him  or  not.  A  chain  is  only  as  strong  as  its 
weakest  link  and  there  are  many  links  between  the  coal  at  the 
face  and  the  finished  product  on  cars. 

Fourth:  The  product  cannot,  like  most  manufactured 
articles,  be  put  on  the  shelf  or  in  the  storage  yard  until  sold, 
but  must  be  loaded  into  railroad  cars  and  sold  at  once.  Thus  the 
operator  is,  first,  at  the  mercy  of  the  dealer  or  the  consumer 
who  can  take  advantage  of  an  over  supply  of  coal  to  fill  his  bins 
when  prices  are  low  and  can  generally  hold  off  when  coal  is 
scarce  (only  a  few  days  or  weeks  will  serve  to  glut  or  starve  the 
market),  and,  second,  at  the  mercy  of  the  railroads  for  a  daily 
supply  of  cars  in  sufificient  quantity  for  his  needs.  To  use  an 
engineering  illustration,  the  operator  is  in  the  same  position  as 
a  water  works'  pump,  with  no  governor,  but  a  more  or  less 
skilled  operator  at  the  throttle,  pumping  away  right  into  the 
service  line  without  a  standpipe  or  even  an  air  cushion  to  equal- 
ize the  supply  and  demand.  Adequate  provisions  for  storage  of 
coal  at  the  mines  involve  very  large  capital  outlays,  and  the  costs 
of  maintenance,  operation  and  degradation  of  product  are  so 
high  and  danger  of  firing  so  great,  that  very  little  progress  has 
been  made  in  this  direction,  except  to  some  extent  storing  small 
sizes  of  coal  on  a  moderate  scale. 

Fifth:  The  life  of  a  mine  is  limited  to  the  area  of  coal  land 
and  amount  of  coal  that  can  be  profitably  worked  from  one  shaft. 
When  the  property  is  exhausted  the  plant  must  be  abandoned  or 
moved,  and  its  cost  wiped  off  the  books.  Many  plants  do  not 
even  survive  to  a  peaceful  old  age  and  a  natural  death,  but  pass 
tt)  an  untimely  and  sometimes  undeserved  end  through  accident, 
changing  markets  or  adverse  conditions. 
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The  primitive  miner  who  digs  coal  out  of  the  "crop"  in  his 
own  back  yard  and  burns  it  himself  needs  no  engineer.  The 
"gophering"  operations  in  many  fields  where  the  coal  is  shallow 
and  the  cover  thin  do  not  last  long  enough  to  pay  for  a  good 
plant,  and  almost  anything  that  looks  like  a  plant  will  last  as 
long  as  the  coal.  Even  here  the  writer  has  known  several  in- 
stances in  which  modern  methods  have  greatly  increased  the 
life  of  such  mines.  Good  engineering  has  made  it  possible  to 
design  plants  especially  for  such  conditions,  so  that  the  top 
works  can  be  moved,  with  little  loss,  to  a  new  location  when 
the  original  territory  is  exhausted.  The  recent  developments  in 
the  use  of  electricity  for  mining  purposes  have  made  it  possible 
to  accomplish  a  great  deal  in  this  direction. 

Legislation  in  Illinois,  and  to  some  extent  in  neighboring 
states,  has  tended  to  increase  the  life  of  our  mines  by  requiring 
substantial  and  fireproof  construction.  The  first  cost  of  the 
plant  is  so  greatly  increased  that  a  large  territory  is  a  com- 
mercial necessity  in  order  that  the  cost  of  the  plant  shall  not 
be  too  great  a  charge  on  the  coal.  This  is  the  line  of  develop- 
ment to  which  the  operator  is  forced,  and  means  a  large  work- 
able area  and  improved  facilities  for  underground  transporta- 
tion and  hauling.  The  new  mines  of  Illinois  and  Indiana  are  all 
too  young  to  show  what  can  be  done  in  this  line,  and  the  older 
mines  are  hardly  a  criterion  because  they  were  laid  out  with  no 
idea  of  their  present  extensive  underground  development  or  pro- 
duction. One  mine  with  which  the  writer  is  familiar  was  de- 
signed twelve  or  fifteen  years  ago  for  a  maximum  output  of 
1,000  tons  per  day  and  is  now  produting  2,500  tons.  This  is  a 
typical  case. 

Where  mining  conditions  are  good — that  is,  where  the  bot- 
tom and  roof  are  good,  a  proper  mining  system  adopted,  haulage 
roads  easily  maintained,  and  grades  not  excessive — there  is  no 
reason  why  a  maximum  haul  of  two  and  one-half  to  three  miles 
should  not  be  easily  practicable.  Such  distances  create  new 
problems,  especially  in  handling  long  trips  at  high  speed,  mine 
drainage  and  ventilation  and  keeping  up  the  electric  voltage  in 
the  outlying  workings.  These  problems,  however,  are  being 
made  much  easier  by  the  adoption  of  alternating  current  at  high 
voltage,  transmitted  with  little  loss  through  properly-insulated 
cables  along  the  entry  rib  or  above  ground  on  pole  lines  and 
dropped  through  drill  holes  to  the  workings.  Static  transformers 
are  used  to  reduce  the  current  to  a  safe  working  voltage,  or 
rotary  converters  or  motor-generators  are  used  where  direct  cur- 
rent is  required.  Alternating  current  mining  machines,  although 
new,  appear  to  be  successful  up  to  date,  and  alternating  current 
and  storage  battery  motors  are  already  on  the  market. 

The  adoption  of  such  methods  increases  the  life  of  a  plant 
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to  such  an  extent  that  a  first-class  installation  is  not  only  justi- 
fied but  demanded  by  considerations  of  economy. 

The  connecting  link  between  the  mine  and  the  top  works  is 
the  tipple,  through  which  the  product  is  hoisted  and  prepared 
for  the  market.  In  a  long-life  mine  the  tipple  should  be  of  steel 
or  some  combination  of  steel  and  concrete.  The  requirements 
are:  1st,  strength  against  any  possible  service  demands  or  acci- 
dent; 2nd,  resistance  to  the  corrosion  of  shaft  gases;  and  3rd, 
convenience  and  accessibility.  Many  mines  have  an  "upcast" 
hoisting  shaft;  that  is  to  say,  the  air  to  ventilate  the  mine  is 
forced  down  the  air  shaft  by  means  of  a  "blowing"  fan,  and 
comes  up  the  hoisting  shaft  plus  moisture,  heat,  powder-smoke 
and  gases — an  ideal  place  for  an  "acceleration  test"  of  corrosion. 


Fig.    1.     "A"    Frame   Steel   Tipple — Johnston    City,    111. 

When  the  tipple  is  housed  over,  shaft  and  all,  these  gases  fill  the 
structure  and  in  cold  weather  the  moisture  condenses  and  hangs 
in  drops  of  dilute  sulphuric  acid  all  over  the  interior  surface.  The 
sheet-metal  covering  prevents  proper  attention  to  the  steelwork, 
and  when  it  rots  away  the  framework  is  often  too  far  gone  for 
repair.  The  writer  is  now  replacing  a  steel  tipple  built  in  this 
style  only  ten  years  ago.  The  owner  began  to  realize  what  was 
happening  to  his  structure  too  late  to  save  it  by  tearing  off  the 
lower  covering  and  painting  the  steelwork.  The  design  of  a 
lipi^le  must  be  such  as  to  expose  the  least  possible  amount  of 
steel  to  the  corrosion  of  the  shaft  gases.  Wherever  steelwork 
must  be  exposed  it  should  either  be  protected  by  concrete  or 
easily  replaceable. 
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One  of  the  old  "A  frame"  tipples  (Fig.  1)  was  designed  by 
the  writer  about  the  same  time,  and  erected  within  a  few  miles  of 
the  tipple  we  are  now  replacing.  This  structure  is  still  giving  ex- 
cellent service  and  is  showing  practically  no  deterioration  except 
in  part  of  the  horizontal  bracing  carrying  the  guides,  which  has 
been  partially  renewed.  This  tipple  was  never  housed  over  the 
shaft.  Covering  was  used  only  to  protect  the  men  and  machinery, 
which  is  its  proper  use. 

Still  more  effectively  protected  from  gases  is  the  newer 
type  here  illustrated,  Fig.  2,  with  heavy  vertical  guide  columns  (the 
only  members  exposed  to  gases)  encased  in  concrete.  The  hori- 
zontal bracing  members  are  practically  eliminated,  and  these  are 


Fig.  2.     Steel  Tipple,  New  Goshen,  Ind. 

the  parts  that  give  the  most  trouble  in  other  designs.  The  shaft 
is  entirely  open  to  the  dumping  platform  and  this  is  one  of  the 
principal  requirements  of  permanence  in  a  tipple. 

It  must  be  noted  in  connection  with  the  new  design  that 
nearly  all  modern  shafts  are  concrete-lined,  to  the  rock  at  least, 
so  that  the  shaft  curbing  is  the  best  possible  foundation  for  the 
structure.  In  the  days  when  wood-lined  shafts  were  used  the 
tipple  foundations  were  set  as  far  from  the  shaft  as  possible,  as 
is  well  illustrated  in  the  original  "A  frame"  tipple. 

In  the  tipple  equipment  the  requirements  are:  First:  Effi- 
ciency for  the  purpose  intended,  whether  dumping,  screening. 
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conveying,  crushing  or  weighing.  Second:  Ruggedness  and 
thorough  lubrication.  Third:  Easy  adjustment  of  wear. 
Fourth :  Easy  replacement.  A  machine  cannot  be  expected  to 
live  forever,  but  its  working  parts  should  be  so  heavy  and  strong 
that  no  sudden  failure  can  occur,  and  so  that  the  wearing  will  be 
slow.  The  adjustments  must  be  readily  made,  so  that  the  ma- 
chinery may  be  kept  perfectly  in  line.  The  machinery  equipment 
of  a  coal  tipple  is  a  subject  in  itself  and  requires  no  further  de- 
scription here. 

A  power  plant  for  a  long-life  mine  is  also  a  very  important 
proposition.  The  mine  superintendent  has  his  hands  full  with 
the  mining  problems  under  his  control,  and  the  average  operator 
has  little  time  to  devote  to  the  details  of  his  power  plant.  He 
has  seldom  had  a  wide  experience  in  power  work,  and  seldom  the 
inclination  to  study  it.  He  usually  puts  in  a  row  of  standard 
72  in.  by  18  ft.  boilers  with  individual  setting  and  sheet-metal 
stacks,  pipes  them  up  to  suit  his  convenience,  and  puts  in  more 
boilers  when  he  runs  short  of  steam.  When  he  gets  water  in  the 
engine  cylinders  he  takes  it  as  an  "act  of  God"  instead  of  going 
about  it  scientifically  to  remove  the  cause.  No  use  is  usually 
made  of  the  exhaust  steam  except  for  heating  the  feed  water 
(and  usually  the  surrounding  atmosphere),  and  little  attention 
is  paid  to  fuel  or  operating  economy.  The  water  conditions  are 
usually  bad  both  as  to  quantity  and  quality,  but  aside  from  oc- 
casionally cleaning  the  boilers  and  the  occasional  use  of  boiler 
compounds,  no  effective  means  are  taken  to  analyze  and  over- 
come the  troubles.  The  buildings  are  usually  isolated,  of  flimsy 
construction,  badly  lighted,  badly  ventilated  and  inflammable. 
Frequently  such  plants  contain  fine  machinery,  for  hoisting 
engines,  generators,  compressors  and  pumps  are  subjected  to 
very  severe  duty,  and  great  attention  has  frequently  been  given 
to  their  selection,  but  very  little  attention  is  usually  given  to  the 
piping,  connections  and  arrangement.  When  the  plant  begins 
to  grow,  a  place  has  to  be  found  or  made  for  each  new  unit.  Of 
course,  most  of  the  older  mines  wore  laid  out  with  no  adequate 
idea  of  their  future  requirements.  Modern  long-life  mines  must 
not  repeat  this  mistake.  We  have  warning  enough  in  the  plants 
we  see  about  us. 

The  buildings  of  a  modern  mine  must  be  permanent  and  fire- 
proof, and  must  be  arranged  so  they  can  be  extended  in  accord- 
ance with  a  prearranged  scheme  to  meet  any  future  requirements. 
Tlie  accompanying  cuts  and  photographs  (h^igs.  3,  4  and  5)  illus- 
trate two  radically  different  layouts,  each  arranged  for  practically 
unlimited  extension.  The  boiler  house,  engine  and  generator  house, 
and  the  machine  and  blacksmith  shop  should  preferably  be  under 
one  roof.  This  makes  the  jilant  compact  and  convenient  to  operate. 
The  various  extensions  can  be  arranged  in  a  number  of  difTerent 
ways  as  indicated, 
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The  office  should  be  isolated  to  afford  quiet  and  cleanliness 
to  the  office  force,  and  so  that  the  men  will  not  have  to  pass 
near  the  other  buildings  when  lining-  up  for  their  pay  envelopes, 
and  should  command  a  good  view  of  the  entire  plant. 

The  powder  house,  oil  house  and  store  room  should  be  con- 
veniently located ;  the  former  entirely  isolated,  and  the  store 
room  usually  attached  either  to  the  office  or  to  the  shop. 

The  wash  house,  which  is  a  part  of  the  equipment  of  some 
modern  mines,  and  is  now  required  by  law  in  several  states, 
should  be  isolated  in  a  convenient  relation  to  the  shaft,  man  hoist 
or  slope,  so  that  the  men  are  not  too  greatly  exposed  in  passing 


Fig.   3.     Mining   Plant,   J.   Woolley   Coal    Co.,   Paxlon,    Ind. 

from  the  warm  mine  through  the  cold  air  to  the  wash  house. 
In  some  European  mines  covered  passageways  are  provided  for 
this  purpose. 

The  boiler  plant  in  a  steam  operated  mine  is  the  foundation 
of  its  mechanical  structure.  Fuel  economy  is  not  the  prime  con- 
sideration, for  fuel  is  cheap ;  but  economy  of  installation,  opera- 
tion, and  maintenance  is  of  the  greatest  importance.  The  fur- 
naces should  be  designed  to  burn  the  cheapest  grade  of  slack  or 
refuse  which  cannot  be  profitably  sold.  Grate  bars  or  stokers, 
ash  disposal  and  draft-producing  devices  must  be  designed  for 
these  conditions.     A  typical   analysis  of  the   slack  and   refuse 

May,  1914 


420 


Allen — Engiuecring  Opportunities  of  Coal  Mining  Fields. 


Pu 


o 
U 


o 
U 


bo 


Vol.  XIX.,  No.  5 


Allen — Engineering  Opportunities  of  Coal  Mining  Fields. 


421 


May,  1914 


422  Allen — Engineering  Opportunities  of  Coal  Mining  Fields. 

burned  at  an  Indiana  mine  operating  in  No.  5  seam,  is  as  follows: 

Moisture 4.487o 

Volatile  combustible  matter 32.72% 

Fixed  carbon   34.94% 

Ash  27.86% 

Sulphur 14.697o 

Heat  value 8,978  B.t.u. 

Note  the  high  volatile,  large  percentage  of  ash  and  com- 
paratively low  heat  value,  and  yet  the  lump  coal  produced  at 
this  mine  is  of  excellent  quality.  This  means  a  large  grate  area 
and  a  good  draft,  and  favors  a  "dutch  oven"  or  similar  type  of 


Fig.  6.     Electrically  Operated  Alining   Plant,  Berwick,  la. 

furnace  adapted  to  handle  the  high  volatile.  Automatic  stokers 
should  be  used  whenever  the  installation  is  large  enough  to  war- 
rant them,  but  whether  or  not  they  are  installed  when  the  plant 
is  built,  they  should  be  provided  for  so  that  they  can  be  added 
without  reconstructing  the  boiler  settings. 

The  steam  demand  at  a  mining  plant  fluctuates  with  the 
greatest  suddenness.  The  hoisting  engine  when  of  the  simple 
"slide  valve"  type  is  the  prize  "steam  eater."  Such  engines  are 
run  at  full  stroke,  or  nearly  so,  and  with  no  pretense  of  steam 
economy.  When  hoisting  with  150  lb.  steam  a  pair  of  26  in.  by 
42  in.  engines  will  develop  over  2,000  h.  p.  for  a  stroke  or  two 
at  the  end  of  acceleration  period.  The  average  demand  would 
be  less  than  one-quarter  of  this  amount.    The  generator  load  is 
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also  subject  to  sudden  and  extreme  fluctuation,  especially  when 
electric  motors  are  used  for  haulage  purposes.  The  size  of  the 
installation  is  not  usually  sufficient  to  take  much  advantage  of 
the  diversity  factor,  and  the  only  fairly  steady  loads  are  the 
pumps  and  fan  engine.  These  are,  of  course,  a  very  small  per- 
centage of  the  total.  The  night  load  on  the  boilers  is  very  light, 
and  usually  consists  of  the  fan  and  pumps  with  perhaps  a  light- 
ing generator  and  the  hoisting  engine  occasionally  used  for 
lowering  men  and  construction  materials.  All  told,  the  night 
loan  is  not  over  one-fifth  to  one-sixth  of  the  average  day-time 
steam  demand. 

How  best  to  meet  these  conditions  is  the  work  of  the  en- 


I 


Fig.  7.     Electrically  Operated  Plant,  Clinton,  Ind. 

gineer,  and  it  is  obvious  that  the  best  solution  will  give  due 
weight  to  each  separate  requirement.  The  conditions  demand 
that  the  plant  should  be  operated  at  a  high  overload  during  the 
working  hours  of  the  mine.  The  sudden  steam  demand  must 
be  met  with  no  drop  in  boiler  pressure,  and  this  means  that  the 
boilers  will  be  constantly  "popping  ofif"  unless  the  draft  is  regu- 
lated to  meet  the  demand  and  sufficient  steam  storage  is  pro- 
vided to  take  off  the  apex  of  the  peak  loads. 

Induced  draft  is  therefore  especially  applicable  to  mining 
plants,  and  to  get  the  best  results  the  speed  of  the  fan  should  be 
regulated  by  the  boiler  pressure.     The  writer  has  seen  several 
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induced  draft  mining  plants  in  the  Canadian  Northwest  and  they 
seem  to  be  highly  successful  there,  but  he  is  aware  of  no  plants 
of  this  type  at  present  operating  in  the  middle  west.  The  new 
plant  of  the  American  Coal  Mining  Company  at  Bicknell,  Ind., 
will,  however,  be  equipped  with  a  6  ft.  by  11  ft.  9  in.  induced 
draft  fan  for  the  day  load  and  sufficient  natural  draft  for  the 
night. 

Storage  of  steam  to  take  care  of  the  sudden  overload  from 
the  engines  may  be  provided  at  either  end  of  the  steam  lines. 
If  at  the  boilers,  it  should  be  provided  by  a  good-sized  steam 
header  or  drum ;  if  at  the  other  end  of  the  steam  lines,  by  large 


Fig.  8.     Electrically  Operated  Plant,  Nokomis,  111. 

receivers  (which  can  be  conveniently  equipped  as  separators)  as 
near  as  possible  to  the  throttle  of  each  engine.  The  former,  and 
usual,  method  throws  the  whole  steam  demand  into  the  piping, 
thus  requiring  large  sizes,  which  mean  condensation  and  vibra- 
tion. The  latter  method  is  the  most  logical,  and  is  in  line  with 
modern  i)ractice.  A  receiver  separator  of,  say,  four  or  five  times 
the  volume  of  the  cylinder,  relieves  the  sudden  steam  demand, 
takes  the  pulsation  out  of  the  jiipes,  acts  as  an  effective  steam 
separator,  and  pays  for  itself  in  smaller  i>iping.  Even  the 
briefest  mention  of  pij^ing  would  be  incomj^letc  without  empha- 
sizing the  careful  attention  that  must  be  paid  to  expansion  and 
draining  of  the  piping  and  the  proper  support  of  all  lines. 
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The  hoisting  engine,  as  already  noted,  is  usually  a  most  un- 
economical machine  from  the  standpoint  of  steam  consumption. 
The  steam  demand  of  a  hoisting  engine  is,  roughly,  two  or  three 
times  that  of  a  slide-valve  automatic  engine.  But  on  the  other 
hand  the  hoisting  engine  in  general  service  in  the  west  is  a  very 
efficient  operating  unit.  It  is  rugged,  sensitive,  and  rapid,  starts 
the  load  easily,  and  can  be  handled  largely  with  the  reverse  lever 
with  little  use  of  the  brake.  Corliss  valve  engines  are  applicable 
to  deep  hoisting,  but  for  the  comparatively  shallow  shafts  of 
our  western  mines  they  are  sluggish  and  their  first  cost  is  very 
high. 

To  ofifset  the  lack  of  steam  economy  in  the  hoisting  engine 
it  is  now  possible  to  use  the  exhaust  in  a  low  or  mixed  pressure 


Fig.  9.     Electric  and  Steam  Plant  at  Dallas,  la.  (During  Construction). 

condensing  turbine  and  thus  reclaim  much  of  the  wasted  heat 
value  of  the  steam.  This  system  is  largely  used  abroad,  and  is 
coming  into  use  in  the  mining  regions  of  the  east.  The  writer 
understands  that  many  reciprocating  units  have  been  converted 
from  condensing  to  non-condensing,  so  that  their  exhaust  may  be 
available  for  this  purpose.  The  intermittent  character  of  the 
steam  supply  is  equalized  by  a  regenerator  of  sufficient  size,  -and 
the  pressure  is  maintained  by  a  back  pressure  valve.  There  is 
also  a  high  pressure  connection  which  operates  automatically 
to  supply  steam  when  the  hoist  is  not  running,  or  when  the  steam 
supply  falls  below  the  requirements.  Another  obvious  advantage 
of  this  arrangement  is  the  partial  elimination  of  peak  loads  on 
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the  boiler  plant,  which  is  a  very  important  matter.  This  in- 
stallation is  applicable,  however,  only  to  places  where  water  can 
be  found  or  stored  in  sufficient  quantity  for  condensing  purposes. 
One  installation  of  this  kind,  including  a  Westinghouse-Parsons 
turbine  and  a  Leblanc  condenser,  was  recently  installed  by  Wood- 
mansee  &  Davidson,  of  Chicago,  at  the  plant  of  the  United  Coal 
Mining  Company  at  Buckner,  111.,  and  is  now  in  successful  opera 
tion.  A  similar  installation  is  provided  for  in  the  plans  for  future 
extension  of  the  new  plant  for  the  American  Coal  Mining  Com- 
pany at  Bicknell,  Ind. 

The  possibility  of  utilizing  the  exhaust  steam  in  this  way 
may  also  revolutionize  many  other  features  of  the  mining  power 
plant.  The  advantages  of  steam  economy  in  the  generator  and 
fan  engines  are  not  nearly  so  important,  and  it  may  be  possible 
to  secure  steam  economy  even  when  simple  slide  valve  engines 
of  large  size  are  used  as  primary  units.  An  ideal  installation 
would  utilize  all  of  the  exhaust:  First:  For  heating  the  build- 
ings. Second  :  For  heating  the  feed  water.  Third  :  For  humidi- 
fying the  mine  if  necessary.  Fourth:  For  generating  additional 
power.  A  designer  might  go  a  step  further,  if  short  of  exhaust 
steam,  and  heat  the  feed  water  in  an  economizer.  This  could 
easily  be  arranged  in  an  induced  draft  plant. 

When  a  steam  plant  is  installed  on  a  large  property,  it  should 
be  arranged  so  that  future  installations  on  the  same  property 
can  be  operated  electrically  by  power  generated  at  the  first  plant, 
or  so  that  power  can  be  generated  and  sold  instead  of  coal.  This, 
in  the  writer's  opinion,  is  one  of  the  lines  for  the  future  develop- 
ment of  coal  mining. 

So  many  things  hinge  on  the  hazard  of  underground  de- 
velopments that  it  is  not  generally  wise  to  build  very  expensive 
plants  at  the  start,  but  everything  possible  should  be  foreseen. 
The  boiler  plant  must  l^e  laid  out  so  that  its  capacity  can  be 
doubled  or  trebled  without  remodeling  the  layout,  but  this  should 
be  resorted  to  only  after  the  by-products  of  combustion  have 
been  fully  utilized,  and  as  much  power  as  possible  reclaimed  from 
the  exhaust. 

In  general  the  indiscriminate  use  of  steam  about  the  plant 
should  be  discouraged.  Steam  lines  are  expensive  to  install  and 
maintain  and  expensive  to  operate.  Wherever  electric  energy 
is  available  during  the  hours  in  which  it  is  desired  to  operate  the 
unit  in  question,  electric  operation  will  show  many  advantages 
and  much  lower  cost.  This  is  especially  true  of  the  units  gen- 
erally operated  by  small  throttling  engines  such  as  shaker 
screens,  conveyors,  shop  equipment,  etc. 

Whatever  steam  lines  are  required,  should,  where  possible, 
be  laid  above  ground  where  they  can  be  easily  repaired.  They 
should  be  well  connected  and  thoroughly  protected. 

This  brings  us  to  the  question  of  electrical  operation — so 
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large  a  subject  that  I  will  only  mention  it  here.  At  first  thought 
it  seems  strange  that  a  mining  plant  which  enjoys  the  advantage 
of  cheap  fuel  should  find  economy  in  purchased  electric  power, 
but  the  first  cost,  maintenance,  and  operation  of  a  steam  plant 
of  suitable  size  is  so  high  in  most  cases  that  electric  power  from 
a  central  station  almost  always  shows  a  considerable  saving. 
This  fact  only  illustrates  the  advantages  of  specialization.  The 
production  of  power  is  the  principal  business  of  the  central 
power  plant,  while  it  is  only  an  incidental  expense  at  the  mine. 

Where  power  cannot  be  purchased  from  a  reliable  source 
and  at  a  fair  price,  it  is  an  open  question  whether  or  not  elec- 
tricity can  be  generated  at  the  mining  plant  and  used  for  all  pur- 
poses, hoisting  included,  at  a  figure  that  would  justify  its  gen- 
eral adoption.  Personally,  the  writer  would  hesitate  to  install 
a  complete  power  plant  for  the  electrical  operation  of  less  than 
two  or  three  mines.  But  there  are  two  recent  and  apparently 
successful  examples  in  the  west  of  power  plants  for  single  elec- 
trically operated  mines.  Both  of  these  plants,  however,  expect 
to  sell  power  to  others,  and  in  this  way  are  following  the  path 
of  progress  in  selling  energy  rather  than  coal. 

The  writer  would  prefer  in  such  cases  to  use  a  steam  hoist 
and  to  utilize  the  exhaust  as  a  secondary  source  of  power.  Where 
a  number  of  mines  are  contemplated,  he  would  operate  the  first 
one  by  steam  and  supply  the  other  mines  with  electric  energy 
generated  at  the  first  plant,  and  the  size  of  the  installation  would 
make  it  possible  to  realize  considerable  operating  economy. 

Where  reliable  Central  Station  power  can  be  bought  or  sup- 
plied at  reasonable  rates  and  without  an  excessive  primary 
charge,  there  is  no  question  as  to  its  economy  in  small  mines, 
and  little  question  in  mines  of  moderate  size.  A  recent  compari- 
son made  in  our  office  showed  a  considerable  economy  in  first 
cost,  ultimate  cost,  and  operating  expenses  in  a  comparatively 
large  installation,  designed  for  an  output  of  4,000  tons  per  day. 

The  incidental  advantages  of  electric  operation  are  many. 
Mines  have  to  be  located  where  there  is  coal,  and  shafts  should 
be  put  down  at  locations  required  by  mining  conditions.  Fre- 
quently a  good  water  supply  is  not  to  be  had,  and  the  shaft  has 
to  be  badly  located  so  as  to  obtain  the  best  supply  available. 
Most  surface  water  and  nearly  all  mine  water  is  bad  for  steam 
purposes,  and  it  is  frequently  necessary  to  install  expensive 
water  softening  plants  or  to  suffer  the  consequences  in  boiler 
maintenance.  During  a  dry  season  many  steam  operated  mines 
are  forced  to  buy  water  at  any  figure  for  which  it  can  be  ob- 
tained.    Electric  operation  relieves  this  situation  entirely. 

The  electrically  operated  plant  presents  a  very  different  ap- 
pearance from  the  ordinary  steam  installation.  There  are  only  two  or 
three  buildings  of  small  size,  with  no  smoke,  no  steam,  and  but 
little   noise.      The   accompanying   photographs    show:     Fig.    6,    a 
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small  plant  for  the  Norwood-White  Coal  Company  at  Berwick, 
Iowa.  Fig.  7,  a  complete  electrically-operated  plant  for  the  J.  K. 
Bering  Coal  Company  at  Clinton,  Indiana  (both  designed  and  in- 
stalled by  the  Allen  &  Garcia  Company.)  Fig.  8,  the  new  plant  for 
the  Peabody  Coal  Company  at  Nokomis,  Illinois  (designed  and  in- 
stalled by  the  company  engineers.)  Fig.  9,  a  plant  at  Dallas,  Iowa, 
for  the  Consolidated  Coal  Company  of  Indiana.  This  is  an  elec- 
trically-operated plant,  at  which  power  is  also  generated.  It  was 
designed  and  installed  by  Mr.  Carl  Scholz,  M.  W.  S.  E.,  assisted 
by  the  Allen  &  Garcia  Company,  working  under  his  direction. 

The  electrically-operated  plant  has  many  problems,  the 
solution  of  which  demands  the  highest  skill  of  the  engineer. 
Electrical  practice  is  changing  rapidly  and  much  of  the  equip- 
ment installed  ten  years  ago  is  now  obsolete.  •  The  use  of  alter- 
nating current  at  high  voltages  has  opened  up  the  central  station 
idea,  and  mining  is  certainly  one  of  the  fields  wherein  it  can  be 
applied  most  advantageously. 

All  engineering  installations  for  commercial  purposes  must 
justify  themselves  commercially.  In  coal  mining  work  the 
engineer  must  deal  with  a  class  of  men  who  have  largely  been 
doing  their  own  development  and  construction  work.  Their 
engineer  is  frequently  nothing  more  than  a  mine  surveyor. 

It  is  not  enough  for  the  engineer  to  claim,  or  even  to  estab- 
lish the  fact,  that  he  can  build  a  better  plant  than  the  operator. 
The  question  is,  Will  it  pay?  For  coal  mining  is  carried  on  under 
conditions  of  severe  competition,  and  the  operator  who  is  not 
able  to  produce  marketable  coal  at  as  low  a  cost  as  his  neighbor 
i.''.  soon  crowded  to  the  wall.  In  the  writer's  opinion  good  en- 
gineering can  accomplish  the  following  results : 

First:  It  increases  the  output,  workable  area,  and  life  of 
the  mine,  thus  requiring  a  smaller  total  investment  to  work  out 
a  given  area  of  coal  land.  Or  it  accomplishes  the  same  result  in 
short-life  fields  by  the  use  of  central  station  power  and  plants  so 
constructed  as  to  be  moved  at  small  expense. 

Second :  It  reduces  maintenance  and  operation  expense  to 
the  lowest  possil)le  amount,  by  designing  equij^ment  for  long 
service  and  convenient  repair,  and  by  substituting  mechanical 
for  manual  labor.  The  latter,  however,  is  a  matter  tiiat  can  be 
easily  carried  too  far,  for  human  labor  is  more  elastic,  and  it  is 
the  writer's  practice  not  to  consider  a  mechanical  substitute  for 
hand  labor,  in  the  absence  of  other  advantages,  unless  it  shows 
earnings  of  at  least  15%  per  annum  to  cover  interest,  deprecia- 
tion, and  maintenance.  Some  installations  should,  of  course,  be 
capitalized  at  a  much  higher  rate  of  interest. 

Third  :  Good  engineering  conserves  the  value  of  the  product 
by  good  jireparation  and  elasticity  of  arrangement,  so  that  the 
coal  can  be  made  at  all  times  to  command  the  highest  market 
price  and  to  reach  the  most  profitable  market.     Crushers,  pick- 
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ing  tables,  or  mechanical  pickers,  washeries  and  rescreening 
plants  are  some  of  the  devices  for  enhancing  the  value  of  the 
product  and  enabling  it  to  meet  severe  and  changing  market 
conditions. 

The  writer  has  endeavored  in  the  foregoing  remarks  to  re- 
view in  a  general  way  the  requirements  and  engineering  oppor- 
tunities of  the  middle  western  coal  fields  with  which  he  is  per- 
sonally familiar.  There  is  no  doubt  that  the  same  conditions 
apply  to  a  greater  or  less  extent  elsewhere. 

The  construction  work  in  connection  with  mining  plants  is 
handled  in  various  ways: 

First:  By  the  owner's  engineering  organization,  which  in 
this  case  prepares  plans,  lets  contracts,  or  buys  material,  often 
with  more  or  less  help  from  the  engineering  manufacturer.  This 
method,  of  course,  presupposes  a  competent  and  experienced 
organization,  including  not  only  mining  engineers,  but  compe- 
tent engineers  in  the  other  lines  required.  None  but  the  largest 
companies  can  afford  such  an  organization  or  can  provide  work 
or  varied  experience  enough  to  keep  their  men  abreast  of  the 
times. 

Second :  By  engineering  manufacturers  or  contracting  firms 
working  under  the  general  supervision  of  the  executive  officers 
of  the  company  or  its  mining  engineer. 

Third:  By  firms  of  consulting  or  constructing  engineers  re- 
tained by  the  owner  to  study  conditions,  draw  plans  and  specifi- 
cations, let  contracts  for  material  or  labor,  carry  on  the  field  work 
on  company  account  or  supervise  it,  if  done  by  contract. 

In  discussing  such  matters,  the  writer  realizes  that  his  con- 
clusions will  not  command  universal  agreement.  But  many 
years'  experience  on  both  sides  of  this  question  have  at  least 
qualified  him  to  speak  with  decided  conviction.  The  matter  is 
a  vital  one  for  the  owner  and  for  our  profession,  and  the  writer 
trusts  that  whatever  he  has  to  say  will  not  be  regarded  as  per- 
sonal by  those  who  are  interested  on  one  side  or  the  other.  Suc- 
cessful and  creditable  plants  have  been  designed  and  constructed 
in  various  ways,  by  engineers  in  all  possible  relations,  and  by 
non-engineers.  A  competent  and  conscientious  engineer  will 
build  a  good  plant  anyway,  if  he  has  a  fair  chance  to  do  so,  and 
it  would  be  foolish  to  claim  that  there  is  only  one  method  of 
handling  such  work.  At  the  same  time,  much  is  to  be  gained  by 
a  frank  discussion  of  methods  and  by  a  decided  statement  of 
opinions  if  well  grounded  and  made  without  intolerance. 

The  facts,  to  which  the  writer  believes  all  will  agree,  are 
that  the  engineering  development  of  coal  mines  in  the  West  has 
not  kept  pace  with  their  commercial  development.  This  is  due 
in  part  to  the  newness  of  the  art,  the  rapidity  of  its  growth,  and 
the  unavoidable  crudity  of  new  things  where  we  learn  our  les- 
sons in  the  hard  school  of  experience.     But  the  writer  is  per- 
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suaded  that  the  lesson  would  have  been  learned  much  sooner, 
and  much  better  results  generally  obtained  if  professional  en- 
gineers had  been  more  frequently  entrusted  with  the  planning 
and  construction  of  mining  plants. 

A  man  never  thinks  of  undertaking  a  large  hydro-electric 
development,  building  a  railroad,  interurban  line  or  power  plant 
without  employing  competent  engineers  and  without  making 
adequate  appropriation  for  preliminary  investigation  and  for 
working  out  the  entire  problem  on  an  engineering  basis.  This 
preliminary  expense  is  certainly  the  most  important  and  valuable 
part  of  the  work,  and  yet  few  coal  mining  plants  receive  the 
careful  preliminary  investigation  and  comprehensive  planning 
that  they  deserve.     Sometimes  even  the  prospecting  is  slighted. 

The  main  interest  of  the  operator  is  to  find  coal  and  to  get 
it  as  quickly  as  possible.  The  "top  works"  from  which  his  mine 
must  be  operated  is  a  secondary  consideration  and  is  correspond- 
ingly neglected. 

Most  operators  seldom  draw  on  specialized  engineering 
services  for  which  they  have  to  pay  directly,  but  content  them- 
selves with  such  so-called  "free  services"  as  they  can  get  from 
engineering  manufacturers.  The  combination  of  the  mine  oper- 
ator and  the  sales  engineer  has  not  tended  to  a  broad  and  com- 
prehensive foresight  covering  future  development,  or  even  to 
well-balanced  and  mechanically  efficient  plants.  The  place  of  the 
contractor  or  manufacturer  should  be  secondary  to  the  designer, 
and  it  would  be  more  consistent  to  give  away  a  manufactured 
article  with  the  design  than  to  give  away  engineering  services 
with  the  manufactured  article.  Each  element  is  necessary  to 
success  and  each  should  be  given  its  proper  place. 

The  commercial,  manufacturing,  or  sales  engineer  has  his 
field  no  less  important  and  necessary,  but  neither  he  alone,  nor 
any  combination  between  him  and  the  operating  management 
can  take  the  place  of  the  competent  consulting,  designing  or  con- 
structing engineer. 

All  construction  i)ropositions  should  have  competent  en- 
gineering direction  in  the  sole  interest  of  the  owner;  any  other 
arrangement  is  dangerous  and  unsatisfactory  in  the  extreme.  It 
makes  no  difference  whether  the  engineer  in  charge  is  a  salaried 
employee  of  the  operator  or  an  engineer  in  independent  pro- 
fessional practice.  The  important  thing  is  that  his  relation  to 
the  work  shall  be  such  that  he  shall  be  free  at  all  times  to  do 
his  best  in  the  sole  interest  of  the  work  itself  and  of  the  owner. 
And  what  is  true  of  one  is  true  of  the  other.  The  contractor  or 
manufacturer  is  also  able  to  give  better  and  more  efficient  service 
wlien  he  is  relieved  of  general  responsibility  and  can  devote 
himself  to  doing  his  own  work  under  definite  conditions  and 
intelligent  direction. 

The  engineer     to  handle  such  a  proposition  must  be  abso- 
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lutely  unbiased  and  must  therefore  have  no  commercial  ties  or 
affiliations.  He  must  have  nothing  to  sell  or  exploit  but  his 
brains  and  ability.  He.  must  draw  on  the  manufacturer  and  the 
manufacturing  engineer  on  the  basis  of  merit  only  and  in  the 
sole  interest  of  the  vi^ork.  It  is  not  necessary  that  he  should  be 
a  specialist  in  all  lines,  nor  perhaps  in  a  full  sense,  in  any  line; 
but  he  must  be  a  genius  in  comprehensive  planning  and  must 
have  that  broad  engineering  training,  experience,  judgment,  and 
common  sense  that  turns  like  a  searchlight  on  any  problem 
he  meets,  and  is  able  to  solve  it  intelligently,  discern  the  differ- 
ence between  the  "real  goods"  and  the  imitation,  the  real  coin 
and  the  counterfeit,  real  value  and  the  "talking  point."  Far  short 
of  this  ideal  as  any  individual  may  fall,  it  is  none  the  less  true 
that  no  profession  except  engineering  qualifies  a  man  to  act  ia 
this  capacity.  The  engineer,  if  he  has  native  ability  and  judg- 
ment, is  given,  by  his  training,  the  necessary  tools  and  weapons — 
analysis  and  constructive  reasoning. 

The  writer  presumes  that  most  engineers,  commercial  or 
otherwise,  will  agree  with  the  foregoing  as  far  as  the  executive 
control  of  engineering  work  is  concerned.  There  are  few  manu- 
facturers or  contractors  who  do  not  prefer  to  work  under  an 
engineer,  and  few  owners  or  operators  who  do  not  feel  safer  and 
surer  of  results  when  their  construction  problems  are  in  the 
hands  of  competent  engineers  reporting  directly  to  them. 

The  disagreement  will  arise  over  the  questions  of  designing 
and  responsibility.  If  it  is  the  business  of  the  manufacturing 
engineer  to  design  a  boiler,  an  engine,  or  a  generator,  why  not  a 
tipple,  breaker,  washery,  power  house  or  a  complete  plant? 

The  answer  to  this  question  depends  somewhat  on  the  work, 
largely  on  the  engineer  and  still  more  largely  upon  business  con- 
ditions and  methods  of  the  present  day.  The  papers  and  dis- 
cussions of  our  engineering  societies  are  largely  devoted  to  de- 
scription and  analysis  of  engineering  work,  and  little  attention 
iii  paid  to  the  best  methods  of  having  this  work  done,  which  is 
really  just  as  important.  We  should  seek  the  method  which 
gives  the  best  results,  least  duplication  of  effort,  clearest  and 
most  definite  responsibility  for  the  minimum  cost  to  the  owner. 

The  engineer,  as  stated  above,  need  not  be  a  specialist  in 
all  lines  or  even  in  any  line,  but  it  is  highly  desirable  that  he 
should  be.  None  but  those  who  have  been  through  the  mill 
can  realize  the  tremendous  economic  waste  in  much  commercial 
engineering.  A  manufacturing  plant  makes  its  money  by  effi- 
cient production,  and  to  stay  in  business,  must  ultimately  estab- 
lish a  selling  basis  in  fair  ratio  to  the  cost  of  the  goods.  Where 
manufacturing  concerns  devote  a  high  priced  engineering  or- 
ganization to  furnishing  engineering  services  for  which  they 
are  not  directly  paid,  not  only  is  the  result  essentially  unfair, 
for  one  customer  pays  for  the  engineering  expense  of  from  three 
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to  ten  others,  but  the  efficiency  of  the  plant  as  a  manufacturing 
concern  is  greatly  decreased  because  most  of  the  energy  of  its 
best  men  is  diverted  from  the  business  of  perfecting  its  product 
and  processes,  which  should  be  its  principal  concern. 

And  the  manufacturing  concerns  do  not  always  gain.  The 
success  of  such  a  policy  depends  on  lack  of  competition  and  the 
spirit  of  the  present  time  demands  a  chance  for  all — equality  of 
opportunity — and  this  means  fair  competition  on  the  basis  of 
merit. 

If  every  engineering  manufacturer  gave  free  engineering 
services  they  would  soon  be  eaten  up  by  tremendous  overheads, 
which  would  cause  them  to  fall  easy  victims  to  such  concerns 
as  devote  their  ability  to  manufacturing  alone.  These  concerns 
employ  the  very  best  talent  and  would  be  capable  of  furnishing 
as  good  services  in  some  lines  as  independent  engineers  if  they 
could  only  devote  themselves  to  the  jobs  they  really  secure  and 
were  always  free  to  do  their  best.  But  they  have  adopted  this 
policy  largely  to  cloud  the  issue,  and  to  secure  a  commercial  ad- 
vantage. They  are  generally  not  progressive  because  it  does  not 
pay  to  change  standards,  and  standards,  like  many  other  things, 
are  good  servants  but  bad  masters.  This  system  will  last  only 
till  their  customers  find  out  that  they  have  to  pay  for  engineering 
services  anyway,  and  until  engineers  begin  to  realize  that  they 
can  be  of  more  value  to  the  operator,  to  their  work,  and  to  them- 
selves by  working  independently  and  receiving  payment  for  en- 
gineering services  rendered  as  such. 

Engineering  manufacturing  firms  must,  of  course,  have  their 
engineering  departments,  but  there  is  plenty  of  work  for  them 
to  do  without  infringing  on  the  field  of  general  engineering,  and 
when  they  do  general  or  special  engineering  work  they  should 
make  a  direct  charge  for  it  and  thus  relieve  the  manufacturing 
department  of  its  burden  and  j)lay  fair  with  all  of  their 
customers. 

Engineers  have  too  long  been  content  to  allow  their  com- 
pensation to  be  covered  up  in  the  cost  of  a  bill  of  goods,  like  the 
time  honored  suit  of  clothes  in  the  expense  account,  as  though 
they  were  ashamed  of  it,  and  this  is  one  reason  why  engineering, 
in  many  respects  the  greatest  of  all  the  professions,  is  so  largely 
underj)aid  and  unrecognized.  It  seems  to  the  writer  that  it  is 
high  time  for  the  owner  to  realize  that  he  has  to  pay  for  his 
engineering  services  anyway,  that  they  are  by  far  the  most  im- 
portant thing  in  any  project,  and  that  he  will  generally  obtain 
better  services  and  usually  for  less  money  when  the  engineer 
reports  to  him  and  is  paid  directly  for  his  services. 

Wherever  special  designs  have  to  be  made,  wherever  the  in- 
stallation involves  the  assembling  of  numerous  elements  to  fur- 
nish which  the  manufacturer  would  in  fact  be  a  jobber,  or  where 
the    installation    in>    \es   careful    examination    and    analysis   of 
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conditions  and  elaborate  study  plans  to  determine  what  should 
be  done,  the  writer  believes  absolutely  that  the  best  results  can 
be  secured  by  an  independent  engineer  directly  in  the  pay  of  the 
owner.  On  the  other  hand,  where  a  machine,  using  this  word 
in  a  broad  sense,  is  manufactured  complete  by  an  engineering 
firm,  and  where  its  uses  and  duties  are  so  definitely  known  that 
they  can  be  made  subject  to  a  definite  guarantee  under  pre- 
scribed conditions  and  where  the  engineering  work  is  principally 
an  adaptation  of  standards,  the  design  should  generally  be  made 
by  the  manufacturer,  although,  even  here,  the  independent  en- 
gineer can  be  of  the  very  greatest  value  to  the  owner  in  analyz- 
ing and  comparing  the  propositions  and  designs. 

And,  in  this  connection,  has  the  meaning  of  the  present  day 
"schools  of  advertising"  and  of  "scientific  salesmanship"  ever 
been  fully  uncovered  to  the  world?  Not  so  far  as  the  writer  is 
aware.  The  cry  is  "increase  sales."  How?  Principally  by  train- 
ing up  a  class  of  specialists,  teaching  them  to  develop  semi- 
hypnotic  powers,  and  sending  them  out  to  sell  people  things  they 
do  not  need,  or  at  least  to  sell,  whether  they  need  them  or  not. 
Not  to  tell  the  absolute  and  unvarnished  truth  about  their  line, 
or  to  tell  the  owner  frankly  if  they  do  not  feel  that  their  machine 
is  the  very  best  that  he  can  buy  for  the  purpose  intended.  Sent 
out  deliberately  to  create  wants  and  then  to  sell  something, 
whether  it  is  the  best  or  not.  Just  as  you  used  to  follow  the 
trail  of  the  "lightning  rod  man"  of  former  days  through  parts 
of  our  western  country,  you  can  now  follow  the  trail  of  the 
smart  salesman  through  our  mining  districts.  Sometimes  he  has 
hit  the  mark,  oftener  he  has  not.  But  if  manufacturing  concerns 
had  to  present  their  propositions  to  a  competent  engineer  rep- 
resenting the  owner  they  would  have  to  present  facts  only,  and 
the  engineer  would  be  able  to  analyze  the  returns  and  to  deal 
fairly  wfth  all  and  in  the  interests  of  the  owner.  Scientific  pur- 
chasing is  just  as  great  an  art  as  scientific  salesmanship. 

In  these  days  of  scientific  salesmanship  the  writer  certainly 
appreciated  not  long  ago  a  call  from  a  commercial  engineer  with 
a  letter  from  his  house  asking  him  to  take  up  a  certain  matter 
"diplomatically."  The  engineer  handed  this  letter  directly  to 
the  writer,  believing  that  frankness  and  openness  is  the  best 
diplomacy,  at  least  when  dealing  with  an  engineer.  Another 
engineer  recently  told  the  writer  that  he  would  recommend  an 
appliance  made  by  a  competing  kouse  for  a  certain  service  in 
preference  to  his  own.  These  are  the  kind  of  sales  engineers  that 
make  good  when  they  have  to  deal  with  engineers,  and  this  is 
the  kind  of  salesmanship  to  encourage.  The  trouble  with  com- 
mercial engineers  is  that  most  of  them  are  always  looking  at  a 
problem  through  glasses  colored  by  their  own  catalogue. 

A  competent  engineer  in  the  direct  employ  of  the  owner  can 
handle  these  problems  as  a  commercial  engineer  can  seldom  do. 
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He  has  the  best  chance  in  the  world  to  design  his  work  for 
service  and  for  the  future,  and  competition  is  confined  within 
the  rigid  lines  of  the  plans  and  specifications.  Where  com- 
petitive designs  are  made  by  manufacturing  companies  the  con- 
scientious and  competent  firms  are  sure  to  have  a  hard  time,  and 
frequently  lose  out  to  those  who  skin  down  the  requirements  and 
build  just  well  enough  for  the  installation  to  stand  up  till  they 
get  their  money.  But  the  consulting  engineer  must  not  be 
tempted  to  seek  cheapness  alone,  except  the  true  economy  of 
simplicity  and  strength.  The  first  cost  of  an  installation,  or  at 
least  the  first  cost  difference  between  a  lasting  and  a  satisfactory 
one  and  an  inadequate  design,  is  very  small  when  compared 
with  the  total  expenditure  and  with  the  maintenance  afterwards. 
The  engineer  must  stand  for  the  best  and  must  seek  his  clients 
among  those  operators  who  are  building  to  operate,  and  are 
willing  to  spend  the  money  necessary  to  secure  the  lowest  cost 
of  coal  during  the  life  of  the  mine.  He  is  in  a  position  to  do  this, 
and  the  commercial  engineer,  by  himself,  is  not. 

It  must  not  be  assumed  from  the  foregoing  that  an  installa- 
tion handled  by  a  consulting  or  a  constructing  engineer  is  likely 
to  cost  more  than  if  plans  are  made  by  the  engineering  manu- 
facturer. The  reverse  should  be  the  case,  for  the  engineering 
work  is  done  thoroughly  and  only  once,  and  the  material  is  fur- 
nished and  the  work  done  under  rigid  specifications  which  put 
each  bidder  on  an  equal  basis  of  merit  and  lower  his  cost  by  re- 
moving uncertainties  and  reducing  engineering  and  contracting  ex- 
penses to  a  minimum.  On  this  basis  only  it  is  possible  to  obtain  fair 
competition,  resulting  not  only  in  lower  prices  but  in  a  helpful  stim- 
ulus to  industry.  Each  specialty  can  be  bought  from  the  best  manu- 
facturer in  that  line  and  welded  by  the  engineer  into  a  com- 
pleted whole. 

Where  an  installation  planned  by  an  engineering  manufac- 
turer seems  to  cost  less,  it  is  usually  because  less  attention  has 
been  paid  to  operating  cfiiciency,  maintenance  and  future  require- 
ments, which  are  the  very  things  that  count,  and  where  a  dollar 
spent  in  the  beginning  is  frequently  worth  ten  dollars  afterwards. 

Where  an  owner  attempts  to  obtain  the  advantages  of  com- 
petition without  complete  plans  and  specifications  and  asks  engi- 
neering manufacturers  to  jjrcparc  their  own  plans  on  the  basis 
of  general  requirements  only,  the  result  is  usually  bewildering 
in  the  extreme.  Few  of  the  bidders  arc  willing  to  gamble  to  the 
extent  of  making  a  thorough  study  of  conditions  and  a  complete 
design  to  suit  them,  and  tlic  result  is  a  lot  of  half-baked  plans 
and  prices  with  liberal  allowance  for  uncertainties.  Tliere  is 
usually  no  possible  way  of  deciding  fairly  between  the  different 
bidders.  The  high  man  may  have  the  best  plan.  It  is  unfair 
to  throw  out  hints  to  bring  the  bidders  up  to  the  same  basis, 
and   it  is  unfair  not  to  do  so.     The  low  man   is  generally  the 
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one  who  has  taken  the  longest  chance.  The  owner  makes  the 
best  guess  he  can  and  takes  his  chances  with  the  contractor  in 
thrashing  the  matter  out. 

Of  course  there  are  advantages  in  obtaining  competitive 
designs,  but  there  is  only  one  real  way  to  obtain  them,  and  that 
is  by  selecting  a  number  of  consulting  engineers  or  engineering 
manufacturers,  allowing  each  of  them  to  give  proper  attention 
to  preliminary  investigation  and  design  and  then  paying  them 
for  their  services.  This  method  is  seldom  tried  on  account  of 
its  high  initial  expense  and  also  because  both  the  owner  and 
the  contractor  are  trying  to  "beat  the  game,"  but  it  is  fair  and 
will  produce  very  good  results  when  applied  within  proper  limits 
and  when  the  award  is  made  after  an  intelligent  study  of  the 
propositions. 

Good  results  can  also  frequently  be  obtained  when  the 
owner  makes  his  deal  privately  with  a  responsible  and  compe- 
tent engineering  manufacturer  and  gives  him  free  rein.  He  then 
has  a  chance  to  study  conditions  and  to  deliver  the  best  services 
of  which  he  is  capable.  The  owner  must  expect,  however,  to  pay 
well  for  such  services,  for  the  price  is  practically  in  the  hands 
of  the  manufacturer,  and  in  the  absence  of  full  plans  prepared  by 
the  owner  or  his  engineer  there  is  no  guarantee  that  he  is  get- 
ting exactly  what  he  is  paying  for.  In  spite  of  the  greatest  care 
and  conscientiousness  on  the  part  of  the  manufacturer,  it  is  none 
the  less  true  that  he  makes  his  money  by  reducing  his  cost  so 
as  to  leave  a  greater  margin  below  his  selling  price.  It  is  un- 
fortunate that  this  is  the  case  with  manufactured  articles,  but  it 
is  more  than  unfortunate  to  submit  the  design  to  this  same  pro- 
cess. It  must  not  be  forgotten  that  the  manufacturing  company 
is  very  properly  looking  for  dividends  and  that  many  engineering 
organizations  are  subject  to  a  constant  pressure  from  above  to  make 
their  work  more  profitable.  The  designers  they  are  looking  for  are 
those  capable  of  turning  10%  contracts  into  20%  ones.  Where 
full  plans  are  prepared  by  the  owner,  the  man  who  can  turn  a 
10%  contract  into  a  20%  one  is  the  man  who  knows  how  to  run 
a  plant  efficiently,  who  studies  his  processes,  systematizes  his 
standards  and  knows  how  to  build  up  and  maintain  his  work- 
ing organization,  and  this  man  is  fully  entitled  to  whatever  profit 
he  makes,  for  he  has  earned  it  by  contributing  something  of 
value  to  society  and  has  not  taken  it  away  from  something  to 
which  another  is  entitled. 

On  the  other  hand,  there  is  the  question  of  responsibility. 
A  manufacturing  engineering  firm,  often  with  millions  of  assets, 
agrees  to  stand  back  of  its  work  and  to  design  and  construct 
a  plant  and  turn  it  over  to  the  owner  complete  and  perfect  in 
every  detail,  and  for  a  definite  price.  This  position  is  dignified 
and  attractive  and  must  be  given  its  full  weight.  The  operator 
often  thinks,  "Here,  at  last,  is  a  place  where  I  take  no  chances; 
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if  it  doesn't  work  I  don't  have  to  pay  for  it,"  but  as  a  matter  of 
fact  it  doesn't  usually  come  out  that  way.  Few  complicated 
installations  are  built  without  extras,  frequently  to  a  tremendous 
amount.  A  large  part  of  the  money  is  generally  paid  as  the 
work  progresses  and  before  it  is  determined  whether  or  not  the 
plant  is  an  operating  success,  and  millions  of  assets  are  not  of 
so  much  value  as  one  man  "who  knows  how."  This  man  is  just 
as  frequently  found  outside  of  a  manufacturing  concern.  Some- 
times there  is  a  disagreement  as  to  the  performance  of  the  plant 
or  a  misunderstanding  as  to  what  it  was  guaranteed  to  accom- 
plish. Suggestions  from  the  owner  relieve  the  contractor  of 
responsibility  and  if  the  plant  is  really  a  failure  there  is  generally 
no  recourse.  The  usual  result  is  a  plant  neither  good  nor  bad, 
very  likely  only  inadequate  or  unsuitable;  perkaps  inelastic  or 
requiring  high  maintenance,  or  badly  adapted  to  future  wants. 
In  these  cases,  and  they  cover  the  large  majority,  the  owner  has 
no  recourse.  The  only  cure  is  the  preventive — care,  watchful 
attention,  alike  to  the  general  scheme  and  to  every  detail — 
and  this  is  one  of  the  things  the  engineer  is  paid  for  and  which 
no  one  else  can  supply  to  the  same  degree. 

The  responsibility  of  the  consulting  or  constructing  engi- 
neer is  of  a  different  nature  from  that  of  the  manufacturer,  but 
the  interests  of  the  operator  can  be  far  better  safeguarded  where 
an  engineer  is  employed. 

First:  As  to  the  general  scheme  of  the  plant,  the  engineer 
in  the  employ  of  the  owner  has  the  opportunity  of  doing  the  pre- 
liminary work  thoroughly  and  once  for  all  and  this  is  half  of 
the  proposition.  Where  different  engineering  manufacturers  each 
take  a  shot  at  it, -this  part  of  the  work  is  only  half  done  by  any 
one  of  them.  These  remarks,  of  course,  do  not  apply  to  a  firm 
of  engineering  manufacturers  who  do  the  preliminary  work  for 
pay  or  on  private  contract,  in  both  of  which  cases  the  owner  gets 
an  equivalent  and  pays  his  bill. 

Second :  In  the  working  out  of  the  general  scheme  the 
consulting  engineer  has  the  great  advantage  of  not  being  tied 
by  commercial  necessities  to  any  certain  form  of  construction, 
lie  can  use  liie  best  from  whatever  source  it  can  be  obtained.  He 
does  not  have  to  slight  his  work.  He  can  design  better  and 
more  lasting  machinery  and  structures  because  he  is  always 
free  to  do  his  best.  How  seldom  the  commercial  engineer  is  in 
this  position ! 

Third:  Where  the  consulting  engineer  is  a  specialist  in 
certain  lines,  full  detail  plans  should  be  prepared  for  which  he 
alone  is  responsible ;  or  he  can  even  require  the  successful  con- 
tractor to  check  or  approve  such  plans  and  assume  responsibility 
under  perfectly  definite  conditions,  in  which  case  the  contractor 
is  paid  for  incurring  this  responsibility  antl  the  work  is  done  and 
paid  for  only  once. 
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Fourth:  Where  individual  machines  can  be  segregated  and 
made  subject  to  definite  guarantees,  the  engineer  may  fix  the 
requirements  and  let  the  engineering  manufacturer  submit  de- 
signs and  guarantees,  and  this  is  a  proper  field  for  the  manu- 
facturing engineer,  for  his  guarantees  cover  only  his  own  spe- 
cialties working  under  prescribed  conditions  and  can  therefore 
be  made  perfectly  definite  and  enforceable.  This  kind  of  a  guar- 
antee tends  to  economy,  reliability  and  efficiency  in  the  conduct 
of  a  manufacturing  plant  and  the  design  of  its  product  and  entails 
no  heavy  engineering  burden. 

Thus  the  general  responsibility  is  thrown  on  the  engineer 
and  if  he  is  competent  and  responsible  there  is  no  one  better 
able  to  carry  it.  The  full  responsibility  for  each  manufactured 
product  is  thrown  on  the  manufacturer  in  a  way  which  leaves 
no  loop  holes  and  entails  no  unfair  burden  upon  him.  This 
method  will  get  results  if  anything  will. 

As  to  the  cost  of  the  work.  There  is  no  absolute  protection 
to  the  owner  under  any  method  unless  conditions  are  absolutely 
definite.  Where  a  consulting  or  constructing  engineer  is  em- 
ployed, the  preliminary  work  can  be  done  so  as  to  make  the  con- 
ditions perfectly  definite.  When  sufficient  time  is  allowed  and 
sufficient  care  exercised  by  the  engineer,  the  total  cost  can  be 
predetermined  more  accurately  than  by  any  other  method. 
Whatever  uncertainty  there  may  be  is  due  to  the  perfect  elas- 
ticity of  this  method,  which  enables  the  engineer  to  adapt  his 
work  to  conditions  as  they  arise  without  unfairness  or  expensive 
extras,  and  this  is  to  the  decided  benefit  of  the  owner. 

Where  consulting  or  constructing  engineers  are  employed, 
or  where  the  same  service  is  rendered  by  company  engineers, 
it  will  frequently  be  desirable  to  do  a  large  part  of  the  work  by 
the  day  on  company  account.  The  success  of  any  plan  depends 
very  largely  on  how  it  is  carried  out  and  much  of  the  work 
around  the  plant  can  be  done  better  in  this  way  than  under  con- 
tract. An  engineer  or  engineering  firm  can  greatly  enlarge 
its  usefulness  by  having  a  competent  field  organization  prepared 
to  han(fle  work  on  a  percentage  or  fee  basis  whenever  it  is  un- 
desirable  to  let  it  by  contract. 

In  conclusion,  the  writer  has  tried  to  review  the  require- 
ments of  mining  work  that  lie  largely  outside  the  field  of  the 
mining  engineer,  and  to  call  the  attention  both  of  the  operator 
and  of  the  engineering  profession  to  the  advantages  of  special- 
ized engineering  services  in  such  lines.  As  to  the  latter  part  of 
the  paper,  he  realizes  that  he  has  entered  debatable  ground  and 
that  many  will  disagree  to  a  greater  or  less  extent.  Experience 
of  the  operator  with  consulting  engineers  and  firms  has  not 
always  been  satisfactory ;  neither,  by  any  means,  have  the  manu- 
facturing engineering  firms  always  proved  failures  where  they 
have  entered  the  general  engineering  field.     But  the  writer  is 
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none  the  less  sure  that  the  policies  he  has  outlined  are  funda- 
mentally right  and,  under  a  competent  engineer,  will  give  the 
best  result. 

Business  methods  are  the  result  of  evolution.  Our  present 
methods  have  their  roots  in  the  past  just  as  our  own  future 
methods  must  have  their  roots  in  the  present,  and  our  prophecies 
for  the  future  must  depend  on  our  analysis  of  present-day  con- 
ditions. The  development  of  the  engineering  manufacturer  and 
liis  entrance  into  the  field  of  general  engineering  has  been  per- 
fectly natural.  The  progressive  manufacturer  has  been  seeking 
new  markets  for  his  goods  and  new  worlds  to  conquer.  Amer- 
ican energy  and  inventiveness  have  been  creating  a  demand  for 
their  goods  by  missionary  work,  including  free  engineering,  and 
the  world  has  been  the  gainer.  But  the  time  has  come  when  in- 
dustrial methods  are  being  tried  in  the  fire.  This  is  the  age  of 
specialization,  and  the  manufacturer  who  follows  all  trades  is 
the  master  of  none.  The  more  industry  is  specialized,  the  greater 
the  demand  for  the  man  who  can  weave  these  specialties  to- 
gether so  as  to  accomplish  the  results  demanded  in  the  conduct 
of  industry.  The  development  of  the  consulting  and  construct- 
ing engineer  in  this,  as  well  as  in  many  other  fields,  seems  to 
the  writer  to  be  the  logical  and  necessary  outgrowth  of  condi- 
tions and  he  believes  that  this  movement  has  come  to  stay. 
Many  engineering  manufacturers  recognize  this,  some  have  given 
up  general  engineering,  others  would  do  so  if  they  dared.  To 
all  of  them  the  engineering  work  is  not  the  principal  thing  but 
only  an  expense  that  they  would  like  to  save  if  they  could  sell 
their  product  without  it.  Many  of  the  best  engineering  manu- 
facturers are  glad  to  see  consulting  engineers  enter  the  field 
provided  the  general  requirements  of  quality  are  improved  and 
a  demand  created  for  better  goods. 

There  is  much  improvement  possible  in  present-day  competi- 
tive methods  between  engineering  manufacturers,  but  an  admix- 
ture of  engineering  does  not  help  matters.  The  general  tendency 
is  toward  a  one-price  basis  based  on  a  thorough  analysis  of  costs, 
instead  of  the  old  way  of  "all  the  traflfic  will  bear,"  and  the  writer 
believes  that  these  difficulties  will  work  themselves  out  in  time 
and  that  the  systematic  ordering  of  construction  work,  and 
the  fair  competition  on  the  basis  of  merit  made  possible  by  the 
engineer,  will  prove  a  boon  even  to  those  who  most  strenuously 
oppose  it  now.  Manufacturing  is  tending  more  and  more  toward 
specialties  and  the  advent  of  the  engineer  makes  it  possible  for 
the  manufacturer  to  market  his  specialties  without  having  to 
manufacture  or  handle  a  lot  of  other  things,  more  or  less  un- 
profitable, in  order  to  sell  his  specialties. 

The  day  of  secrecy  of  business  methods  is  passing  way. 
This  age  demands  a  fair  chance  for  all  and  compensation  based 
on  service  rendered.    There  should  be  no  more  need  for  indirect 
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charges  than  for  indirect  taxation.  The  engineer  should  receive 
his  pay  direct  and  the  profession  should  cease  to  be  a  mendicant. 
And  then  when  the  owner  adds  up  the  cost  of  the  work  he  will 
find  that  two  and  two  make  four,  instead  of  frequently  finding 
that  they  make  five. 

The  world  must  learn  that  the  engineer  is  a  real  creator 
and  that  the  thought  and  plan  is  even  more  real  and  important 
than  the  accomplished  work,  for  without  it  the  work  could  not  be. 

Discussion. 

President  Lee:  This  has  been  a  very  interesting  paper,  gentle- 
men. I  think  every  one  who  is  here  tonight  will  subscribe  to  the 
concluding  sentence,  that  it  is  very  desirable  to  have  engineering 
on  a  better  basis.    This  is  coming,  however. 

We  have  with  us  one  or  two  of  the  past  presidents  of  the  So- 
ciety.    I  am  going  to  ask  Mr.  Armstrong  to  say  a  word. 

W.  C.  Armstrong,  m.  w.  s.  e.  :  I  do  not  know  Avhy  I  should 
be  called  on  to  discuss  a  question  of  mining  operations.  It  is  a 
subject  about  which  I  know  very  little,  but  I  was  very  much  in- 
terested in  the  paper  presented  this  evening  and  I  am  sure  that  it 
has  added  a  good  deal  to  the  knowledge  of  those  who  have  heard 
it,  and  will  add  a  good  deal  to  our  knowledge  of  mine  machinery 
and  handling  of  mining  work. 

There  is  one  thing  that  particularly  impressed  me,  and  that  is 
that  all  such  installations  are  more  and  more  being  worked  out 
by  men  capable  of  analyzing  the  conditions  peculiar  to  each  case. 
The  early  mine  appliances  and  their  application  to  mining  opera- 
tions were  designed  generally  by  mine  superintendents  and  those 
whom  we  call  practical  men.  They  made  a  considerable  success 
with  the  material  they  had  at  hand,  but  it  was  not  until  technically 
trained  engineers,  capable  of  grasping  and  analyzing  all  the  con- 
ditions which  enter  into  and  make  a  part  of  the  plant,  took  up  the 
question  that  it  has  been  developed  to  its  present  status.  This  is 
true  not  only  of  mining  plants  but  of  all  manufacturing  plants. 
They  are  now  being  studied  by  men  capable  of  taking  in  all  the 
elements  that  enter  into  the  process  of  manufacture.  The  method 
of  handling  material  through  the  plants,  the  development  and  lay- 
out of  all  the  machines  and  implements  that  are  used  in  the  process 
of  manufacture,  are  being  studied  more  systematically  and  the  re- 
sults of  these  studies  tend  to  increase  the  output  of  the  plants  and 
to  reduce  the  cost  of  manufacture.  We  notice  this  very  particularly 
in  the  production  of  crushed  stone,  for  instance.  Take  the  first 
crushed  stone  plants  that  we  had  in  this  country.  They  were  very 
crude,  but  some  of  them  have  been  developed  to  a  very  high  state 
of  perfection  and  have  been  worked  out  in  the  greatest  detail,  all 
of  which  has  added  to  the  output  and  to  the  decrease  in  the  cost. 

I  quite  agree  with  the  author,  in  a  general  way,  in  regard  to 
the  respective  functions  of  the  consulting  or  constructing  engineer 
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and  the  manufacturing  engineer.  There  is  no  doubt  that  there  is 
a  great  work  for  the  manufacturing  engineer,  but  his  work  must 
He  more  in  the  development  of  standard  devices  and  standard  ma- 
chines. But  the  adaptation  of  these  standard  devices  to  the  various 
uses  to  whicli  they  are  apjilicd  must  be  worked  out  by  the  man  who 
can  study  all  the  conditions  that  are  to  be  met  in  a  manufacturing 
plant.  As  the  author  has  pointed  out,  there  are  a  great  many  things 
to  be  taken  into  consideration  in  the  designing  of  a  coal  producing 
plant.  There  is  the  question  of  supi)ly  of  water,  supply  of  power, 
and  the  kind  of  power  that  will  be  most  available  and  most  useful, 
the  arrangement  of  the  plant,  the  lay-out  of  transportation  tracks, 
the  structural  features,  the  mechanical  features  and  the  electrical 
features. 

There  are  very  few  manufacturing  concerns  who  do  employ 
or  could  afford  to  emjiloy  engineers  fitted  by  experience  to  deal 
with  all  the  problems  that  arise  in  the  design  of  a  complete  manu- 
facturing plant.  I  think  also,  that  after  these  works  have  all  been 
put  in  the  hands  of  competent  engineers  to  design  and  construct, 
the  cost  will  be  materially  reduced,  as  there  is  no  doubt  where 
such  plants  are  designed  by  the  engineers  of  manufacturing  con- 
cerns a  great  duplication  of  work  results.  Each  concern  has  to 
pay  its  own  engineering  organization ;  its  overhead  charge  must 
cover  this  expense,  which  must  be  added  to  the  cost  of  production 
in  the  price  of  the  concern  wliich  is  fortunate  enough  to  secure  the 
contract.  And  not  only  must  it  charge  up  the  engineering  cost 
on  the  contracts  it  secures,  but  also  enough  to  cover  all  such  costs 
on  contracts  not  secured.  Therefore,  the  purchaser  pays  the  bills 
for  engineering  work  for  all  concerns  who  figure  on  the  work. 

Frank  Rasmusscn,  m.  w.  s.  e.  :  The  manufacturing  concern,  it 
seems  to  me,  has  the  same  ability  or  the  same  purchasing  power 
of  ability  as  consulting  engineers,  and  why  one  should  be  set  over 
against  the  other  I  do  not  understand.  We  are  putting  one  set  of 
engineers  over  against  another  set  of  engineers  and  saying  that 
one  is  better  than  the  other ;  and  that  an  engineer  who  happens 
to  be  in  the  employ  of  the  manufacturing  concern  is  not  broad;  he 
is  narrow,  because,  according  to  the  paper,  some  of  his  time  is  put 
on  machine  work,  on  the  lathe  or  the  planer,  and  more  of  his  time 
is  put  on  engineering;  therefore,  he  is  not  devoted  entirely  to  the 
work  of  engineering.  But  with  most  of  the  manufacturing  con- 
cerns that  I  have  been  with  I  find  that  this  is  not  the  case.  We 
have  specialists  in  our  manufacturing  concerns  who  do  nothing 
but  the  highest  grade  of  engineering,  and  I  believe  that  the  highest 
development  in  the  new  processes  and  new  ideas  and  new  inven- 
tions have  come  through  the  engineering  department  of  manufac- 
turing concerns. 

In  this  connection  T  would  like  to  call  your  attention  to  the 
fact  that  the  engineers  in  the  employ  of  large  manufacturers  who 
lay  out  plants  are  not  connected  directly  with  production  any  more 

Vol.  XIX.,  No.  5 


1 


Discussion — Engineering  Opportunities  of  Coal  Mining  Fields.        441 

than  are  consulting  engineers  who  buy  anywhere  with  the  idea  of 
getting  the  best  product  for  the  minimum  price.  The  production 
end  of  the  manufacturing  business  is  carried  on  by  men  who  de- 
vote their  time  to  that  work  only,  and  are  in  no  way  connected 
with  the  design  and  operation  of  mining  plants. 

Something  is  said  in  the  paper  to  the  effect  that  manufacturers 
are  slaves  to  standards.  In  the  face  of  the  keen  competition  in  ex- 
istence today  for  improvement  and  advancement  along  all  lines, 
such  a  statement  will  scarcely  need  contradiction,  for  it  is  self-evi- 
dent that  anyone  who  becomes  a  slave  to  standards  in  this  rapidly 
advancing  age  is  lost. 

Manufacturers  today  maintain  standard  departments  whose 
work  it  is  to  keep  abreast  of,  and  if  possible  ahead  of  the  times. 
Standards  change  from  day  to  day  and  are  handled  by  engineers 
who,  as  in  the  production  department,  do  nothing  else. 

In  command  of  this  entire  organization,  standards,  production 
and  manufacturing,  is  the  designing  engineer,  who  lays  out  the 
plant  for  the  customer  with  the  single  aim  of  making  for  that  cus- 
tomer the  best  equipment  that  his  money  can  buy  and  the  brains 
of  the  engineer  can  devise.  The  standard  department  comes  now 
with  its  knowledge  and  experience  to  work  into  its  department  the 
new  ideas  of  the  designer.  The  production  department  studies  the 
new  standard  with  the  idea  of  making  it  to  the  best  advantage  and 
with  the  least  expenditure  consistent  with  first-class  design.  Lastly, 
it  is  manufactured  and  inspected  by  the  designing  engineer  for  his 
final  approval  before  it  goes  out  on  the  job. 

The  paper  gives  the  impression  that  the  engineer  is  controlled 
by  the  factory.  This  is  not  the  case,  quite  the  contrary  being  true. 
The  engineer  is  in  command  and  has  back  of  him  the  entire  manu- 
facturing force  to  carry  out  his  designs  and  ideas. 

Engineering  ability  can  be  bought  through  manufacturers  as 
well  as  through  consulting  engineers.  The  engineering  profession 
as  a  profession  should  be  upheld  by  engineers,  no  matter  where 
they  are  employed,  whether  they  are  in  business  for  themselves  or 
as  salaried  engineers  for  others.  The  physician  is  no  less  a  physi- 
cian if  he  is  the  physician  of  a  large  corporation  or  if  he  is  in 
private  practice,  and  to  consider  that  an  engineer  is  not  as  good 
because  he  is  in  the  employ  of  a  manufacturer  seems  to  me  to  be 
the  wrong  viewpoint.  The  development  of  engineering  as  a  pro- 
fession, I  think,  has  been  carried  on  largely  by  manufacturing  con- 
cerns, and  the  consulting  engineers  seem  not  to  be  any  more  will- 
ing to  pay  for  engineering  service  to  their  salaried  people  than 
the  manufacturing  concerns.  The  paper  tonight  says  that  engi- 
neers are  willing  ofttimes  to  have  their  services  absorbed  in  the 
manufactured  product.  If  they  are  paid  better  for  that  absorption 
of  their  engineering  ability  than  they  are  as  engineers,  it  seems  to 
me  to  be  altogether  proper  for  them  to  sell  their  services  in  that 
way. 
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A  paper  was  read  before  the  Canadian  Mining  Institute  by 
Mr.  M.  L.  Hyde,*  who  has  had  a  large  experience  both  with  con- 
sulting engineers  and  with  manufacturing  engineers,  and  he  is  now 
a  mine  operator,  and  perhaps  unbiased  in  his  viewpoint.  Some  of 
us  are  biased  one  way  and  some  another,  and  when  a  man  becomes 
a  purchaser  perhaps  he  is  less  biased  than  those  of  us  who  are 
connected  either  with  one  concern  or  another. 

He  says: 

"Before  closing,  I  want  to  give  a  few  hints  on  purchasing 
the  plant. 

"We  have  three  choices  before  us.  First,  the  manufac- 
facturer  who  maintains  an  engineering  department,  specializing 
on  one  or  more  of  our  wants,  and  who,  free  of  cost,  will  make 
plans  to  cover  all  requirements.  Such  a  manufacturer  will 
also  bid  on  the  business  against  all  competition,  and,  if  suc- 
cessful, will  l)e  personally  responsible,  rectifying  all  errors 
without  any  additional  charge.  Second,  the  contracting  en- 
gineers who  either  agree  to  build  whole  or  part  of  the  plant 
for  a  fixed  sum,  or  cost  plus  either  10  or  15  per  cent.  These 
concerns  usually  have  superb  engineering  organizations  and 
good  salesmen,  but  they  must  in  turn  buy  everything  from 
the  manufacturer  above  mentioned,  and  in  turn  place  the  re- 
sponsibility on  him,  nor  can  they  buy  cheaper  in  competition 
than  ourselves.  On  a  lump  sum  basis,  contracting  engineers 
can,  and  often  do,  save  their  clients  considerable  money  and 
a  great  deal  of  worry  through  his  dealing  with  one  responsible 
concern  only,  but  so  far  as  a  'cost  plus'  basis  is  concerned,  I 
can  see  nothing  to  recommend  it  in  this  class  of  work,  for  we 
must  stand  the  brunt  of  all  mistakes  and  pay  a  commission  on 
them  besides.  Third,  we  can  build  oui*  plant,  or  part  of  it, 
ourselves.  I  would  recommend  doing  the  work  ]^art  under  con- 
dition one  and  part  under  condition  three." 

This  is  the  viewpoint  of  Mr.  Hyde,  who  has  had  experience  in 
both  lines  of  work. 

I  favor  the  idea  of  making  the  engineering  profession  a  greater 
])rofession  and  to  uphold  it  as  a  profession,  and  to  make  a  prin- 
ci])le  of  doing  things  to  the  best  of  our  ability,  whether  we  are 
with  consulting  engineers  or  manufacturers.  Any  man  who  has 
made  a  business  of  engineering  and  who  intends  to  make  it  his  life 
work,  no  matter  whether  he  is  employed  or  whether  he  is  the  head 
of  a  business  himself,  is  going  to  make  engineering  the  prime  and 
sole  object  of  his  career  and  is  not  going  to  slight  his  work  nor 
allow  it  to  be  overclouded  in  any  way  because  of  the  <lictates  of 
anyone.    I  think  that  a  man  of  principle  who  has  made  such  a  study 

♦Important  Details  in  Constnictidn  of  Colliery  Plants.  M.  L.  Hyde, 
Gen.  Mjirr.,  Pembina  Coal  Co..  Kntwistle.  Alta.  Presented  to  Canadian 
Mining  Inst.  Feb.,  1014.     Reprinted  in  Coal  Age.,  March  21,  1914. 
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and  has  spent  so  many  years  in  getting  a  knowledge  of  engineer- 
ing is  not  going  to  allow  himself  to  be  buried  in  the  policy  or  ideas 
of  others,  and  I  am  glad  to  see  a  spirit  arising  among  engineers 
to  make  their  profession  better  and  more  likable  and  higher  among 
the  professions  than  it  has  been.  Some  manufacturers  consider 
their  engineering  department  as  a  part  of  the  shop  organization. 
This  is  a  thing  that  is  to  be  deplored.  Some  consulting  engineers 
forget  the  men  that  are  under  them  and  forget  to  give  them  the 
credit.  In  reading  an  article  about  one  of  the  greatest  engineers 
in  this  country,  a  man  in  the  employ  of  the  Guggenheims,  and 
who  at  one  time  was  greatly  praised  for  work  that  he  had  accom- 
plished in  the  mining  district,  I  was  much  pleased  to  note  his  reply. 
He  said:  "Gentlemen,  I  did  none  of  that  work.  One  of  my  as- 
sistants did  the  work  and  I  want  him  to  have  the  whole  credit." 
This  was  Mr.  Yeatman,  who  is  in  the  employ  of  the  Guggenheim 
people  on  a  salary  of  a  hundred  thousand  dollars  a  year,  and  who 
was  willing  to  give  the  credit  to  one  of  his  subordinates.  The 
manufacturer  or  the  consulting  engineer  who  does  not  recognize 
the  efficient  v/ork  and  the  fine  accomplishments  of  some  of  their 
assistants  are  doing  an  injustice  to  those  engineers. 

Ernest  McCuUough,  m.  w.  s.  e.  :  I  am  afraid  the  previous 
speaker  missed  a  great  deal  of  the  paper.  It  is  not  often  that  a 
preacher  starts  out  to  preach  and  omits  to  mention  his  text  until 
he  gets  down  to  the  last  line  of  his  sermon,  but  Mr.  Allen  says : 

"The  world  must  learn  that  the  engineer  is  a  real 
creator  and  that  the  thought  and  plan  is  even  more  real  and 
important  than  the  accomplished  work,  for  without  it  the  work 
could  not  be." 

The  paper  presented  tonight  is  almost  an  epic.  It  is  an 
apotheosis  of  the  engineer.  It  has  traced  very  rapidly,  very  dis- 
tinctly, in  an  exceedingly  clear  manner  the  progress  of  the  en- 
gineer in  the  bettering  of  an  industry  that  has  been  in  existence 
for  hundreds  of  years.  The  average  mining  operator  believed  that 
all  he  needed  in  the  way  of  an  engineer  was  a  man  who  can  lay 
out  the  work,  who  has  the  general  conduct  of  the  mine  under  his 
supervision,  and  who  depends  upon  the  manufacturer  for  what- 
ever plan  is  needed  about  the  mine.  The  author  says  that  here  in 
America  the  independent  engineer,  who  heretofore  has  seldom  been 
thought  of  in  connection  with  mining,  has  come  forward  and  made 
himself  a  personage.  The  operator  is  handicapped  in  the  interior 
of  the  earth  by  the  miners'  union  and  by  the  rules  and  regulations 
of  the  men  to  whom  he  pays  wages  to  get  out  his  coal.  I  have 
had  some  experience  myself  in  work  underground  and  I  know  what 
it  is  to  buck  up  against  the  miners'  union  in  trying  to  introduce 
economies  underground,  but  when  the  coal  is  in  the  car  and  on 
the  way  to  market  there  is  room  for  the  exercise  of  all  the  inge- 
nuity the  engineer  is  supposed  to  possess.  The  author  is  showing 
how   the  marketing  of   coal   can   be   done   economically,   how    the 
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preparation  of  this  raw  product  is  taken  in  charge  by  men  who 
have  made  a  careful  study  of  it,  and  he  is  showing  how  the  opera- 
tor, who  heretofore  has  not  known  how  to  make  a  choice  between 
several  plans  offered  to  him,  or  how  to  make  a  choice  between 
several  construction  forms  offered  to  him,  has  been  able  at  last 
to  get  in  touch  with  men  who  can  manage  the  whole  thing  and 
can  take  it  off  his  mind.  As  he  stated,  there  are  a  number  of  manu- 
facturing concerns  who  find  that  to  maintain  a  proper  engineering 
organization  is  such  a  large  burden  of  overhead  expense  that  they 
would  gladly  omit  it  were  it  not  for  the  fact  that  they  w^ould  be 
outdistanced  by  their  competitors  who  have  perhaps  less  conscience. 

I  feel  pretty  certain  that  the  author  in  his  paper  was  not  hold- 
ing a  brief  for  the  consulting  engineer  as  opposed  to  the  commer- 
cial engineer,  but  he  is  showing  the  opportunities  that  lie  before 
the  engineer  when  he  practices  his  profession  in  a  proper,  business- 
like way.  I  found  nothing  in  the  paper  to  lead  me  to  think  that 
the  author  is  in  any  way  belittling  the  commercial  engineer,  be- 
cause I  have  known  him  for  some  years,  and  for  many  years  he 
was  a  contracting  engineer  selling  bridges  and  steel  structures.  In 
that  way  he  got  his  training  for  the  line  of  work  in  which  he  is 
now  engaged.  The  consulting  engineer,  of  course,  is  always  com- 
I)cting  with  firms  that  have  something  to  sell  and  are  offering  en- 
gineering service  free.  They  use  the  word  free.  We  all  know  that 
.somebody  has  to  pay  for  it.  With  some  conscientious  concerns 
this  free  engineering  service  is  an  item  of  considerable  expense. 
With  some  concerns  it  is  not.  15ut  the  only  training  or  the  very 
best  training  that  an  engineer  can  ever  get  to  go  into  consultation 
work  and  be  a  good  adviser  to  men  who  are  in  need  of  the  advice 
of  skilled  men,  is  by  a  course  of  training  in  the  commercial  end 
of  the  work.  When  he  does  become  firmly  established  as  a  con- 
sulting engineer,  if  his  record  has  been  good  with  the  concern  he 
is  with,  he  does  not  suffer  much  from  comjietition  with  commercial 
engineering  concerns.  If  he  does  suffer  from  competition  with 
them,  it  is  only  for  a  short  time  until  he  has  a  chance  to  show  his 
ability  to  make  good. 

The  author,  I  think,  tries  to  show  in  the  paper  that  the  en- 
gineer and  the  manufacturer  are  entirely  distinct  and  separate 
personages.  Although  a  manufacturer  may  have  a  high-class  en- 
gineering department  in  his  csta])lishmont.  he  will,  when  he  can. 
get  out  of  the  general  engineering  field  and  confine  himself  strictly 
to  his  specially.  Such  a  manufacturer  is  of  considerable  aid  to 
the  consulting  engineer  in  general  practice. 

John  Ay  Garcia,  m.  w.  s.  e.  :  Mr.  Rasmusscn  has  quoted  from 
Mr.  Hyde's  paper,  and  I  also  would  like  to  read  something  out  of  it, 

"In  the  matter  of  building  the  tipple,  I  should  ask  the 
Link  I'elt  Co.,  the  Jeffrey  Manufacturing  Co.,  Ilead-Wriglit- 
son,  Ltd.,  and  one  or  two  others  of  that  class  to  send  their  rep- 
resentatives, whicli  they  d^  without  cost." 
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Now,  if  Mr.  Hyde  believes  that,  I  think  he  has  something  to 
learn,  but  if  it  is  true,  it  is  an  injustice  to  engineers  for  a  manu- 
facturer to  furnish  engineering  without  cost. 

A  little  further  on  in  his  paper  Mr.  Hyde  says  something  about 

designing  small  units  and  doing  general  drafting  work,  as  follows : 

"I  should  borrow  a  draftsman  from  the  people  furnishing 

the  tipple." 

I  do  not  think  it  is  quite  right  for  engineers  or  draftsmen  to 
be  handed  around  like  that.  I  resent  any  such  thing.  I  have  had 
operating  experience  in  coal  mining  through  a  numbers  of  years,  and 
I  really  do  ixot  see  how  a  man  can  build  a  coal  mining  plant  by  asking 
a  number  of  the  representatives  of  the  manufacturer  to  come  in 
and  just  bid  on  the  various  units  without  any  general  design  of 
the  property. 

I  did  not  intend  to  say  anything  here  tonight,  first,  because  I 
am  suffering  from  an  attack  of  the  grippe,  and,  second,  because 
the  author  is  my  partner  and  it  is  not  quite  polite  for  me  to  get 
up  and  shoot  holes  in  his  paper.  I  am  going  out  of  town  tonight, 
however,  and  I  shall  not  see  him  for  a  few  days,  so  I  think  I  will 
take  one  shot  at  him. 

It  seems  to  me  that  his  paper  has  not  quite  the  right  title. 
Mining  engineering,  as  the  name  implies,  has  to  do  with  under- 
ground work,  and  although  the  opportunities  for  engineers  on  top 
are  very  good  indeed,  still  the  opportunities  underground  are  more 
or  less  unlimited.  Very  few  civil,  mechanical,  or  any  other  kind 
of  engineers  get  into  underground  coal  mining,  for  many  different 
reasons.  It  is  dirty  and  laborious  work,  and  it  is  dangerous  work, 
and  heretofore — that  is,  prior  to  the  last  two  or  three  years — the 
chances  of  advancement  were  very  poor ;  but  I  know  that  the 
chances  for  young  engineers  in  underground  coal  mining  work  are 
better  today  than  they  have  ever  been,  and  I  do  not  know  of  any 
branch  of  engineering  where  the  opportunities  are  better  and  where 
the  pay  will  be  better  after  they  learn  the  practical  side  of  it.  I 
have  gone  back  for  twenty  years  in  the  record  of  the  School  of 
Mines  I  attended,  and  out  of  all  the  graduates  of  that  school  there 
are  only  six  of  us  in  coal  mining.  Quite  a  number  started,  but 
the  work  was  probably  too  hard  or  too  strenuous,  and  they  quit. 
There  is  a  wonderful  chance  for  some  young  fellow  to  go  in  and 
design  the  underground  workings  just  as  is  done  on  top.  I  have 
had  to  do  with  surveying  many  mines  in  the  Middle  West,  and 
most  of  the  surveying  was  just  carrying  along  the  transit  line  and 
plotting  the  entries  and  rooms  that  had  already  been  driven,  show- 
ing what  had  been  done,  instead  of  projecting  the  workings  and 
showing  what  should  be  done. 

In  the  last  four  or  five  years  I  have  been  doing  mostly  con- 
sulting work  and  examination,  and  I  should  say  that  75%  of  the 
jobs  I  get  are  in  the  nature  of  an  undertaker's.  They  call  me  in 
after  the  mine  is  ruined  and  ask  me  to  work  it  into  shape  again. 
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instead  of  asking  me  to  lay  it  out  from  the  very  beginning,  from 
the  bottom  of  the  shaft.  In  the  last  few  months  I  have  been  asked 
to  go  to  a  mine  that  was  all  squeezed  out;  they  had  put  in  at  least 
$200,000  on  the  top  works,  and  when  they  struck  coal  they  went 
at  it  with  a  whoop,  and  it  was  "two  thousand  tons  or  bust."  They 
got  the  two  thousand  tons,  but  in  a  couple  of  years  they  began  to 
feel  the  effects  when  the  weight  came  on.  That,  as  you  know, 
does  not  usually  show  up  for  from  two  to  five  years.  The  weight 
comes  on  and  rides  over  the  barrier  pillars.  There  happened  to 
be  no  barriers  at  all  in  this  case  and  the  result  is  a  ruined  mine. 

It  seems  to  me  that  we  ought  to  steer  the  young  engineers 
into  this  branch  of  work,  not  only  because  of  the  opportunities, 
but  because  of  the  real  need  of  them.  I  have  had  occasion  in  the 
last  ten  years  or  so  to  employ  a  number  of  engineers  for  mining 
work  and  I  do  not  believe,  in  the  underground  part  of  it,  I  have 
had  over  two  out  of  twenty-five  men  who  were  technical  men — 
that  is,  college  graduates.  It  is  generally  some  boy  who  has  joined 
the  surveying  crew  and  learns  how  to  run  a  transit,  and  when  he 
gets  to  $100.00  a  month  that  is  good  enough  for  him,  and  that  is 
the  kind  of  help  we  have  to  do  our  work  in  the  mine.  If  some 
bright,  aggressive  engineer  will,  immediately  after  he  graduates, 
go  into  the  mine  and  learn  the  work — not  aggressive  in  the  way 
of  jumping  on  the  men  and  trying  to  stir  up  trouble,  but  to  learn 
anything  he  can — go  from  one  mine  to  another  and  learn  the  busi- 
ness and  qualify  for  the  certificates  of  competency  the  various 
states  issue  to  men  in  charge  of  the  properties,  his  chances  for  re- 
munerative and  satisfactory  positions  are  excellent.  He  should 
work  up  through  the  positions  of  mine  manager  and  superintendent, 
and  the  salaries  paid  arc  much  better  than  most  young  engineers 
can  get  in  almost  any  other  line  of  work.  There  are  many  places 
where  a  man  who  knows  what  to  do  as  a  coal  mining  engineer  is 
started  at  $150.00  a  month,  and  there  is  not  a  better  kind  of  a  man- 
ager of  a  coal  property  than  an  engineer  trained  practically  in  the 
business  end  of  it,  and  numerous  positions  like  that  pay  from  $6,000 
to  $10,000  a  year.  I  can  say.  I  believe,  without  being  contradicted, 
that  of  all  the  large  coal  mining  com] sanies  in  the  Middle  West 
there  are  not  over  seven  or  eight  technical  men  in  charge;  and 
quite  a  few  of  the  engineers,  and  chief  engineers,  at  that,  are  men 
who  grew  up  in  the  ranks  and  are  not  technically  trained. 

Raymond  G.  Lanry,  m.  w.  s.  k.:  Mr.  Rasmussen's  reference 
to  Mr.  Hyde's  article  in  Coal  Ar.ic  will  bear  a  little  more  examina- 
tion, because  it  contains  in  itself  evidence  .supjiorting  the  engineer- 
ing supervision  of  mine  building  construclion. 

Mr.  Hyde  doubtless  has  formerly  filled  the  positions  of  ma- 
chinery salesman,  consulting  engineer,  as  well  as  chief  engineer 
and  manager  of  a  coal  mine.  It  is  evident  that,  regardless  of  how 
this  gentleman  ]>roiX)ses  to  handle  his  work,  he  would  be  his  own 
consulting  engineer.     Most   of   us   would   reccMumend   work   to  be 
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done  in  the  way  that  we  have  found  most  satisfactory  to  ourselves. 
If  Mr.  Hyde,  instead  of  being  a  man  of  ability  possessing  a  wide 
engineering  experience,  were  in  the  position  of  the  average  coal 
mine  superintendent,  he  would  doubtless  feel  his  inability  to  design 
a  modern  plant  and  install  it  economically. 

Consulting  engineers  make  mistakes  based  on  poor  judgment 
undoubtedly,  but  never  so  glaring  as  we  have  seen  made  by  so-' 
called  practical  men  in  the  employ  of  well-financed  corporations. 

To  those  of  us  who  have  spent  much  time  in  the  best  coal  fields, 
the  way  money  is  sometimes  spent  by  inexperienced  men  in  the 
purchase  of  equipment  is  appalling.  Such  instances  are  becxDming 
less  common,  however,  as  the  true  value  of  engineering  is  becom- 
ing better  known  in  the  development  of  coal  mining  properties. 
Coal  operators  must  be  forced  to  realize  by  results  that  the  em- 
ployment of  correct  engineering  methods  is  a  necessary  business 
policy. 

The  question  of  broad-minded  colliery  engineering  is  really 
now  before  the  consulting  engineer.  If  this  interesting  field  of 
work  can  avail  itself  of  the  best  engineering  talent,  there  is  no  rea- 
son why  its  engineering  problems  cannot  be  solved  in  as  masterly 
a  way  as  is  being  done  in  some  of  the  other  industries.  Good 
engineering  can  be  done  by  the  local  mining  engineer  or  manu- 
facturer as  well  as  consulting  engineer.  The  author  merely  shows 
the  better  position  of  the  latter  to  serve  in  a  broader  way.  He  has 
intended  to  do  all  classes  full  justice.  The  paper  should  serve  to 
dignify  this  branch  of  the  engineering  profession. 

Albert  Reichmann,  m.  w.  s.  e.  :  I  think  the  tendency  of  mod- 
ern times  is  to  eliminate  what  we  call  uneconomical  ways.  In  our 
large  cities  we  recognize  it  in  the  establishment  of  monopolies,  such 
as  the  lighting  plants;  for  instance,  like  the  Commonwealth  Edi- 
son Company  and  the  gas  company,  and  street  railways,  and  so 
forth.  The  Government  is  recognizing  this,  in  that  it  will  not 
permit  railroads  to  build  in  certain  communities  where  they  are 
satisfied  there  is  sufficient  service  to  take  care  of  the  traffic.  It 
seems  to  me  that  the  question  of  a  consulting  engineer  laying  out 
a  plan  in  a  comprehensive  way  and  making  one  thorough  study 
of  it  is  in  line  with  that  same  idea.  That  is,  it  eliminates  a  large 
amount  of  engineering  waste  where  various  engineering  firms  send 
men,  so-called  gratis,  to  lay  out  a  plant.  Those  who  are  connected 
with  manufacturing  industries  are  familiar  with  the  studies  that 
are  given  these  problems.  Usually  the  owner  asks  for  a  bid  on  a 
proposition.  Perhaps  the  contractor  is  given  a  week  or  only  a  few 
days  in  which  to  study  his  proposition.  In  this  hurried  study  he 
is  not  given  all  the  facts  in  the  case,  as  a  matter  of  fact,  and  can- 
not, even  though  he  wishes  to,  do  the  job  justice.  On  the  other 
hand,  if  he  wants  to  do  it  justice,  he  will  frequently  find  a  lot  of 
contractors  who  are  working  in,  we  might  say,  the  twilight  zone, 
just  inside  of  the  specifications  or  just  as  far  outside  as  they  can 
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without  being  ruled  out.  I  believe  that  the  conscientious  and  the 
most  progressive  contracting  concerns  favor  the  consulting  en- 
gineer and  are  willing  to  abide  by  his  decisions  and  they  like  to 
conform  to  his  plans.  He  usually  furnishes  them  with  the  informa- 
tion for  bidding  in  an  intelligent  way,  so  that  they  can  tell  just 
exactly  what  is  to  be  furnished.  He  usually  is  fair  in  his  decisions 
when  it  comes  to  any  points  in  dispute.  When  dealing  with  the 
owner  it  is  often  hard  to  satisfy  him  that  you  are  trying  to  do  your 
job  on  the  facts  on  which  you  bid.  There  are  many  cases  where 
the  owner  is  not  fair  to  the  manufacturer ;  not  that  he  intends  to 
be  unfair,  but  he  frequently  does  not  understand  what  he  is  asking 
of  the  contractor,  and  I,  for  one,  am  very  much  in  favor  of  the 
consulting  engineer  making  the  arrangement  and  specifying  as 
far  as  he  can  just  exactly  what  shall  be  furnished.  I  think  it  is  a 
great  benefit  to  the  engineers  in  this  way :  that  it  reduces  the  en- 
gineering expenses  and  therefore  the  owner  can  afiford  to  pay  the 
engineer  a  better  compensation  for  doing  the  work. 

I  believe  many  peo]>le  do  not  realize  what  the  burden  is  on 
the  manufacturing  concern.  I  happened  to  make  an  examination 
here  only  aljout  ten  days  ago  of  the  financial  statement  of  one  of 
the  largest  manufacturing  companies  in  this  part  of  the  country. 
Their  gross  profits  were  about  a  million  and  a  half  dollars,  and 
of  that  their  overhead  ])urdcn  was  about  one  million  dollars,  which 
left  their  net  profits  five  hundred  thousand  dollars.  So  you  can 
imagine  what  their  overhead  burden  was.  It  was  10  per  cent  of 
their  total  sales,  and  this  was  largely  'a  matter  of  engineering  ex- 
pense. I  will  not  sav  it  was  all.  but  the  engineering  expense  was 
a  very  large  item.  To  my  mind,  a  great  part  of  that  was  unnec- 
essary service.  If  it  had  been  done  once  it  would  not  have  been 
nearly  as  great. 

Frederick  G.  Vent,  m.  w.  s.  e.:  I  would  like  to  bring  up  a 
question.  It  may  not  be  in  direct  line  with  the  jiapcr.  but  is  closely 
related  to  it.  The  cheapest  power  that  can  be  had  in  Chicago  is 
furnished  by  the  Commonwealth  Edison  Company,  generated  by 
steam  by  the  use  of  soft  coal.  The  question  is.  whether  or  not  it 
would  be  more  economical  to  ]nit  a  ])ower  i)lant  like  that  right  down 
in  the  coal  fields  and  then  send  the  power  here  by  high  tension 
wires  rather  than  to  haul  the  coal  here  for  power  generation.  Is 
the  reason  for  that  condition  because  the  coal  field  would  be  ex- 
hausted too  quickly?  Maybe  somebody  can  give  some  information 
along  that  line. 

James  N.  Hatcli.  m.  w.  s.  e.:  The  author  touched  on  the  ad- 
vantages of  electric  power  for  coal  mines,  and  it  brings  up' the  ques- 
tion a.skcd  by  Mr.  \^cnt,  why  a  large  number  of  the  central  electric 
power  stations  are  not  established  at  the  mouth  of  the  mines.  There 
is  one  answer  that  explains  a  large  part  of  this.  It  is  almost  im- 
Iiossible  to  find  coal  mines  contiguous  to  ample  water  supply  for 
large  condensing  power  plants.     The  fact  that  the  Commonwealth 
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Edison  Company  in  Chicago  uses  more  water  than  the  whole  city 
of  Chicago  does  for  domestic  purposes  will  explain  in  large  meas- 
ure why  it  is  very  difficult  to  establish  large  electric  power  stations 
near  coal  mines. 

Mr.  Vent:  In  the  vicinity  of  La  Salle,  Illinois,  is  the  Illinois 
River,  I  believe.  There  is  an  almost  unlimited  supply  of  soft  coal. 
Is  that  the  only  reason  why  the  Commonwealth  Edison  Comi>any 
does  not  go  down  there?  Is  it  not  because  it  is  outside  of  the  city 
and  its  franchises  are  not  good? 

Mr.  Hatch:  I  did  not  state  that  lack  of  water  was  the  only 
reason.  I  said  that  it  was  one  very  important  reason  that  explains 
in  most  cases  why  the  large  stations  are  not  established  at  the  mouth 
of  the  mines.  Search  has  been  made  all  over  Ohio,  West  Virginia, 
Illinois,  and  Iowa  for  suitable  sites  near  coal  mines  for  large  electric 
power  plants,  and  they  have  been  failures  so  far  as  I  have  followed 
them  out. 

W.  F.  Corl:  Referring  to  Mr.  Vent's  question,  whether  or  not 
it  would  be  more  economical  to  put  a  power  plant  at  the  coal  mine, 
rather  than  haul  the  coal  to  the  power  plant,  I  would  say  that 
another  point  that  determines  where  the  power  house  is  to  be  lo- 
cated would  be  the  investment  necessary  to  build  the  transmission 
lines  to  send  electric  power  from  one  point  to  another, — just  a  ques- 
tion of  balancing  transmission  and  sub-station  costs  against  freight 
charges,  etc.  Of  course,  the  fact  that  the  power  house  would  be 
located  some  distance  away  would  mean  that  the  continuity  of 
service  would  not  be  quite  so  certain,  as  there  is  always  the  chance 
of  breakdowns  in  the  transmission,  although  the  modern  trans- 
mission lines  are  very  reliable. 

Mr.  Vent:  In  the  state  of  Washington  you  will  notice  wires 
running  all  the  way  between  Spokane  and  Seattle,  400  miles.  I 
do  not  think  there  would  be  any  trouble  with  service  being  crippled 
between  Chicago  and  La  Salle  if  they  can  run  it  400  miles  out  in 
Washington ! 

President  Lee:  Mr.  Vent's  question  is  one  of  planning  of  the 
economical  factors, 

I  am  reminded  of  a  story  told  of  the  elder  Carter  Harrison. 
He  was  present  at  a  dinner  where  there  was  a  gentleman 
who  paid  a  great  deal  of  attention  to  agriculture,  and  who  said 
he  came  from  a  country  which  was  the  most  fertile  in  the  world. 
He  added :  "We  raise  in  our  country  one  hundred  bushels  of  wheat 
to  the  acre."  Mr.  Harrison  said :  "Out  in  my  country  we  raise 
a  million  bushels  of  wheat  to  the  acre."  When  he  sat  down  the 
man  next  to  him,  who  did  not  know  him,  said :  "For  heaven's  sake, 
where  do  you  come  from  ?"  He  said :  "I  am  from  Chicago.  We 
raise  that  wheat  with  our  elevators." 

Now,  by  way  of  application,  I  may  say  that  I  have  worked,  for 
a  good  many  years,  for  the  greatest  manufacturing  industry  in  the 
country,  the  manufacture  of  transportation,  on  a  salary  basis  all 
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the  time,  and  I  would  be  inclined  to  quarrel  witii  my  friend,  Mr. 
Allen,  here,  if  I  thought  that  he  was  casting  aspersions  on  en- 
gineers who  are  working  for  manufacturing  concerns  on  a  salary.  T 
did  not  gather  any  such  meaning  from  his  paper. 

E.  E.  R.  Tratman,  m.  vv.  s.  e.  :  One  point  that  occurred  to 
me  is  a  little  out  of  line  of  the  discussion.  The  author  referred  to 
steam  and  mechanical  and  electrical  engineering,  but  he  did  not 
mention  railway  engineering.  One  of  the  important  parts  of  the 
top  work  of  the  coal  mine  is  the  track  lay-out.  In  a  good  many 
cases  that  is  not  very  satisfactory,  although  it  is  a  very  important 
point  for  the  efficient  operation  of  the  mine  as  a  business.  I  re- 
member some  years  ago  a  railway  built  in  Indiana  to  serve  a  num- 
ber of  coal  mines  that  were  being  opened  up.  They  were  all  of 
about  the  same  capacity  and  none  of  them  large  enough  to  have 
switch  engines.  The  engineers  of  the  railway  designed  a  stand- 
ard lay-out  which  was  used  at  every  mine  so  far  as  the  topogra])h- 
ical  conditions  would  allow.  I  do  not  know  that  there  was  any- 
thing novel  about  it,  but  the  idea  was  to  reduce  the  switching  move- 
ments to  a  minimum.  In  the  first  place  there  was  a  very  convenient 
connection  with  the  main  line  to  enable  the  road  engines  to  put 
empty  cars  into  the  "empty"  storage  sidings  above  the  tipple.  The 
cars  were  fed  by  gravity  down  to  the  tipple,  then  by  gravity  down 
farther  to  the  "loaded"  sidings,  and  then  there  was  a  very  con- 
venient connection  to  the  main  track  to  enable  the  road  engines 
to  get  out  the  loaded  cars  and  put  them  into  the  trains. 

John  F.  Hayford,  m.  w.  s.  e.  (written)  :  Among  the  many 
interesting  points  made  by  the  author,  there  are  three  which  seem 
to  me  to  be  so  important  to  all  engineers  that  I  venture  to  single 
them  out  for  emphasis  by  re-statement  in  the  three  paragraphs 
which  follow.  I  hope  that  in  doing  so  I  may  be  of  some  service 
in  concentrating  attention  on  this  excellent  paper. 

When  an  engineer  furnishes  expert  knowledge,  in  the  form 
of  a  design,  it  is  clearly  in  the  interest  of  the  particular  engineer, 
and  the  engineering  profession,  that  the  design  should  be  jiaid  for 
as  such,  separately  from  anything  else.  To  merge  the  compensa- 
tion for  the  design  with  anything  else  tends  to  bury  the  work  of 
the  engineer,  to  make  him  a  mere  attachment  to  someone  else  or 
something  else. 

In  the  interest  of  the  purchaser  the  design  for  a  given  plant 
should  be  made  once  only,  and  then  thoroughly.  The  system  of 
securing  so-called  "free  services"  from  engineering  manufacturers  or 
from  various  rival  contracting  firms  causes  several  designs  to  he 
made  for  one  plant,  each  of  them  being  made  hastily.  In  the  long 
run  under  that  system  all  of  the  designs  must  be  paid  for  by  the 
purchaser  of  plants.  As  a  part  of  eacli  plant  the  purchaser  secures 
one  hosty  plan,  though  he  pays  for  from  two  to  ten  hastily-made 
|)]ans.  For  the  same  expenditure  utider  the  proper  system,  in 
which  the  design  is  i>.-ii(]  for  soivir.itclv  as  such,  the  buyer  might  se- 
cure one  carefully  considered,  comprehensive  design. 
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Properly  read,  this  paper  furnishes  no  basis  for  any  contro- 
versy between  different  classes  of  engineers,  as  some  persons  in 
the  audience  seemed  to  assume  during  the  presentation  of  the  paper. 
Engineers  are  needed  to  design  the  separate  units  which  are  com- 
mon to  many -mining  plants  and  other  plants,  the  engines,  boilers, 
blowers,  electrical  apparatus,  etc.,  to  improve  these  units  and  to 
reduce  their  cost.  .So  also  an  engineer  is  needed  to  make  the  gen- 
eral design  of  the  whole  of  a  particular  plant,  to  see  that  the  sep- 
arate units  designed  by  the  engineers  referred  to  in  the  preceding 
sentence  are  so  coordinated  in  one  plant  as  to  make  an  efficient 
whole.  The  two  groups  of  engineers  should  cordially  cooperate, 
those  who  design  the  separate  units  and  those  who  bring  the  units 
into  such  relations  to  each  other  as  to  secure  the  maximum  ef- 
fectiveness. The  interests  of  both  groups  will  be  furthered  by  such 
cooperation. 

IV.  T.  Curtis,  M.  w.  s.  e.  (written)  :  I  have  read  with  great 
interest  the  advance  copy  of  Mr.  Allen's  article  on  the  Engineer- 
ing Opportunities  of  our  Coal  Mining  Fields,  to  be  presented  next 
Monday,  and  regret  very  much  that  I  will  be  unable  to  be  present, 
as  I  would  like  to  listen  to  and  participate  in  the  discussion  which 
this  excellent  paper  should  bring  forth. 

Not  being  particularly  active  personally  in  the  coal  mining  in- 
dustry, my  interest  in  the  paper  lies  to  a  greater  degree  in  the 
latter  portion  of  it,  where  the  author  discusses  the  general  relation  of 
professional  and  commercial  engineers  to  each  other  and  to  the  con- 
sumer, and  I  hope  that  1  may  be  able  to  make  the  following  re- 
marks with  the  same  degree  of  fairness  that  permeates  the  paper 
from  start  to  finish.  We  are  all  human  and  it  is  difficult  to  tear 
one's  self  away  from  natural  prejudices.  While  I  claim  that  some 
of  the  author's  remarks  must  be  discounted  on  account  of  the  fact 
that  he  is  a  professional  engineer,  I  grant  you  that  my  remarks 
are  open  to  a  like  discount,  inasmuch  as  I  am  actively  engaged  in 
engineering  from  the  commercial  side. 

I  think  the  author  is  unduly  modest  in  his  contention  that  the 
crudity  of  new  things  in  the  development  of  coal  handling  would 
have  been  less  marked,  and  that  lessons  would  have  been  learned 
much  sooner  and  better  had  professional  engineers  been  more  largely 
employed  than  commercial  ones.  All  who  know  Mr.  Allen's  career 
will  grant  that  through  his  study,  interest,  and  activity  as  a  com- 
mercial engineer  he  developed  and  executed  some  of  the  finest 
types  of  above-ground  construction  in  connection  with  coal  mines, 
and  much  of  this  was  accomplished  by  the  mamifacturing  engineer 
as  represented  by  Mr.  Allen,  who,  in  fact,  made  more  rapid  strides 
than  some  professional  engineers  who  were  working  along  the  same 
lines.  A  great  part  of  this  success  was  due  to  his  untiring  efforts, 
coupled  with  unquestioned  ability,  but  the  fact  must  not  be  over- 
looked that  he  was  backed  and  financed  in  his  actions  by  the  manu- 
facturing concern  whom  he  so  ably  represented. 

If  an  operator  or  owner  of  any  business  does  not  know  much 

May,  1914 


452       Discussion — Engineering  Opportunities  of  Coal  Mining  Fields. 

in  general  about  his  own  business,  it  is  undoubtedly  wise  to  em- 
ploy or  retain  a  competent  engineer  to  handle  tiie  proposition  as 
a  whole,  but  the  writer  contends  that  such  engineers  frequently 
go  too  far,  on  account  of  the  fact  that,  as  suggested  in  the  paper, 
such  engineers  are  usually  not  "specialists  in  all  lines,  nor  perhaps 
in  a  full  sense,  in  any  line."  Their  lack  of  specialization  makes 
it  impossible  for  them  to  efficiently  go  beyond  certain  general  steps, 
and  it  is  the  occasional  treading  beyond  this  line  into  the  realm 
of  manufacturing  engineer  that  frequently  detracts  from  the  other- 
wise efficient  service  rendered  by  many  of  our  best  general  pro- 
fessional engineers.  If  a  professional  engineer  will  content  him- 
self with  the  general  solution  of  the  problem  as  a  whole,  and  then 
call  in  the  manufacturing  engineer  to  develop  the  several  special- 
ties in  such  a  manner  that  they  will  accomplish  the  requirements 
laid  down  by  the  professional  engineer,  the  best  results  will  be 
obtained. 

I  have  had  occasion  to  observe  this  in  many  different  phases 
and  different  kinds  of  industry,  my  observations  having  been  more 
numerous  in  other  industries  than  in  the  coal  industry,  but  I  take 
it  that  the  latter  part  of  the  paper  refers  to  industry  in  general 
rather  than  to  the  coal  industry  alone. 

I  liavc  seen  many  cases  where  the  professional  engineer  de- 
sigiied  a  plant  from  start  to  finish  in  every  detail,  and  did  it  more 
effectively  and  economically  than  could  probably  have  been  brought 
about  by  direct  negotiation  between  the  owner  and  the  commercial 
engineer,  but  such  cases  have  been  so  greatly  outnumbered  by  cases 
in  which  the  professional  engineer  has  attempted  to  go  too  far, 
and  has  thereby  produced  abnormal  and  prohibitively  expensive  re- 
sults, that  I  strongly  maintain  that  the  commercial  engineer  should 
be  called  into  a  proposition  as  early  as  possible,  either  by  the  opera- 
tor or  by  the  operator's  general  engineer. 

My  contention  is  borne  out,  I  think,  by  the  author's  own  re- 
mark that  this  is  an  age  of  specialty,  and  it  stands  to  reason  that 
a  commercial  engineer,  who  is  devoting  his  entire  life  to  the  spe- 
cialty in  which  he  is  employed,  can  design  a  structure  or  a  machine 
for  a  given  purpose  far  more  effectively  and  economically  than 
can  the  professional  engineer,  who,  it  is  assumed  in  this  argiunent, 
has  had  no  real  ])ractical  experience  along  the  line  in  iiuestion. 
Most  every  enterprise  of  any  magnitude  today  involves  no  less  than 
half  a  dozen  lines  of  specialized  engineering,  regardless  of  the 
brightness  and  intelligence  of  the  professional  engineer,  in  which 
respect  we  have  no  better  example  than  the  writer  of  the  paper  I  am 
discussing,  the  shortness  of  life  fixes  a  limit  to  the  diversity  of  lines 
in  which  the  professional  engineer  can  become  commercially  profi- 
cient, and  we  cannot  get  away  from  commercialism.  .\s  Prof.  J.  B. 
Davis,  now  retired,  one  of  the  early  professors  oi  the  Engineering 
Department  of  the  University  of  Michigan,  has  said:  "Engineering 
is  the  art  of  getting  the  greatest  possible  use  out  of  every  dollar 
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invested  in  construction."  This  definition  was  remarked  in  an  ordi- 
nary class  room  lecture  by  Professor  Davis  and  has  stayed  by  the 
writer  longer  than  many  of  the  more  technical  matters  presented  in 
tliose  lectures  of  years  ago,  and  is  a  precept  which  I  fear  has  largely, 
if  not  entirely,  gotten  away  from  some  in  our  profession,  and  were 
it  not  for  the  commercial  engineer  I  believe  that  this  definition  of 
engineering  would  be  less  practiced  today  than  it  now  is. 

Another  unfortunate  result  which  often  obtains,  if  the  pro- 
fessional engineer  himself  attempts  to  go  too  far,  is  that  the  con- 
struction not  only  costs  more  than  it  should,  but  those  who  do  the 
actual  building  construction  do  not  make  any  money  on  it,  and  all 
will  agree  that  a  fair  profit  should  fall  to  every  manufacturer  or  con- 
tractor who  does  fair  and  honest  work.  The  reason  that  no  money 
is  made  on  a  great  many  jobs  handled  entirely  by  professional  engi- 
neers is  that  they  specify  everything  so  completely  that  it  makes  it 
possible  and  easy  for  a  large  number  of  contractors  and  manufac- 
turers to  bid,  as  everything  is  in  cut-and-dried  blue  print  form. 
With  such  a  large  number  of  bidders  there  is  usually  one  or  two 
who  have  had  no  experience  in  that  particular  line  of  work,  but 
wish  to  try  to  get  into  it,  and,  not  knowing  the  real  costs,  they  bid 
with  such  a  low  price  that  they  at  once  prevent  those  really  experi- 
enced in  that  line  from  getting  the  work,  and  they  themselves  lose 
money.  I  therefore  maintain  that  a  great  many  constructions  which 
are  an  apparent  credit,  as  far  as  cost  is  concerned,  to  the  professional 
engineer  who  handles  the  work,  only  become  so  because  one  or  more 
inexperienced  contractors  have  paid  bitterly  for  some  new  experi- 
ence, whereas  if  the  manufacturing  engineer  had  been  called  in  at 
the  proper  time  to  co-operate  with  the  professional  engineer  he  could 
have  produced  as  good  or  better  results  at  a  less  cost  and  still  had 
a  fair  margin  of  profit  for  himself. 

All  this  talk  presupposes  honesty  on  the  part  of  both  the  pro- 
fessional engineer  and  the  commercial  engineer.  If  one  or  both  of 
them  are  dishonest  the  operator  or  owner  has  no  show  any  way, 
and  I  am  pleased  to  be  able  to  state  that  the  longer  I  am  in  business 
the  greater  faith  I  have  in  the  honesty  of  the  professional  engineer, 
as  well  as  the  commercial  engineer  and  also  of  the  customer.  An 
occasional  case  of  dishonesty  comes  to  my  experience,  but  the  very 
fact  that  such  cases  so  disturb  us  and  we  make  so  much  fuss  about 
them  when  they  do  come,  proves  their  in  frequency.  Without  honesty 
in  engineering  and  in  business  we  canot  progress  at  all. 

The  author  suggests  that  what  he  calls  free  engineering  on  the 
part  of  manufacturing  engineers  really  costs  the  consumers  more 
than  they  think  it  does.  I  do  not  believe  that  such  is  the  case.  It 
surely  does  not  if  we  look  at  the>  final  result,  and  that  is  what  we 
should  be  governed  by.  Take  for  example  any  given  construction. 
If  a  firm  of  manufacturing  engineers  designs  an  efificient  structure 
covering  the  purposes  outlined  by  the  professional  engineer  and 
charges,  say,  $4,000  for  it.  of  which  we  will  say  in  exaggeration  that 
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$500.00  is  to  cover  engineering  costs,  is  not  the  consumer  better  ofiF 
than  that  consumer  who  pays  a  purely  manufacturing  concern  $4,100 
for  a  similar  structure,  less  economically  designed  by  the  profes- 
sional engineer  on  account  of  lack  of  specialized  experience,  even 
if  the  purely  manufacturing  concern  has  only  charged  $50.00,  cov- 
ering tlie  necessary  engineering  expense.  In  the  first  case,  it  is  true 
the  owner  has  to  pay  indirectly,  we  will  say,  the  very  large  sum  of 
$500.00  for  engineering  (which  is  an  exaggerated  figure),  as  against 
only  $50.00  in  the  latter  case,  but  on  the  whole  transaction  he  has 
come  out  with  as  good  or  better  results  for  $100.00  less  investment. 
Furthermore,  tlie  professional  engineer  has  made  just  as  much 
money  on  the  job  with  less  work,  and  therefore  had  more  time  to 
study  the  general  features  of  it ;  the  owner  has  saved  $100.00  and 
the  contractor  has  made  a  fair  profit,  as  he  has  not  had  to  compete 
with  a  lot  of  firms  who  know  nothing  about  that  particular  branch 
of  the  industry  and  therefore  do  not  know  the  costs. 

The  author  states :  "None  but  those  who  have  been  through 
the  mill  can  realize  the  tremendous  economic  waste  in  much  com- 
mercial engineering."  There  is  some  truth  in  this  remark,  but  I 
think  if  the  economic  wastes  following  the  trail  of  commercial  engi- 
neering were  compared  with  the  wastes  often  found  in  professional 
engineering  carried  too  far,  that  the  one  would  at  least  discount  the 
other,  opinions  varying  probably  as  to  which  is  the  greater. 

Another  point  upon  which  I  disagree  with  the  author  is  in  his 
statement  that  the  selling  costs  are  greater  when  made  through  com- 
mercial engineers  than  when  made  through  professional  engineers. 
I  do  not  think  this  is  so,  for  a  manufacturing  firm  which  bids  only 
on  plans  on  file  gets  such  a  small  percentage  of  the  work  on  which 
he  figures,  that  his  so-called  selling  cost  is  as  great,  if  indeed  not 
greater,  than  the  engineering  manufacturer  wlio  devotes  more  of  his 
time  to  the  engineering  feature  of- the  work  he  is  figuring  on.  and 
by  designing  efficiently  and  economically  for  his  customer  he  suc- 
ceeds in  making  a  larger  percentage  of  sales.  That  is  to  say.  he 
figures  on  fewer  jobs,  and  while  the  cost  of  selling  each  individual 
job  is  greater,  the  relationship  between  his  total  selling  cost  and  his 
total  output  is  no  greater  than  the  purely  manufacturing  institution. 
T  know  this  to  be  true  in  some  actual  cases. 

T  also  take  exception  to  the  author's  remark  that  manufacturing 
engineers  are  not  progressive  on  account  of  their  disinclination  to 
change  standards,  etc.  T?y  this  very  standardizing,  the  commercial 
engineers  show  their  efficiency,  for  it  is  by  standards  that  costs  arc 
reduced  and  the  customer  gets  the  benefit  of  these  reductions.  Fur- 
thermore, the  manufacturing  engineer  can  sec  wherein  his  standard*^ 
are  weak,  and  is  in  a  position  to  change  and  better  them,  as  he  and 
he  only  is  the  one  that  puts  the  standards  into  actual  practice  time 
after  time.  The  professional  engineer  makes  no  standards  at  all 
and  therefore  everything  has  to  lic  worked  out  anew  at  great  ex- 
pense. 
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I  do  not  think  that  the  author's  remarks  in  regard  to  the 
"schools  of  advertising"  and  "scientific  salesmanship,"  have  any 
place  in  his  paper,  for  engineers  as  a  class  are  poor  salesmen  anyway, 
and  if  they  can  sell  at  all  they  can  only  sell  on  the  merit  of  their 
engineering  production.  It  is  entirely  contrary  to  the  ordinary  in- 
stincts of  a  true  engineer  to  adopt  the  methods  of  a  lightning-rod 
man. 

The  author  states:  "This  is  the  age  of  specialization,  and  the 
manufacturer  who  follows  all  trades  is  the  master  of  none." 

Now,  is  not  the  engineering  manufacturer  the  real  specialist 
and  are  not  his  engineers  busy  in  adapting  the  specialty  manufac- 
tured to  various  conditions,  and  is  there  not  as  much  or  more  danger 
in  the  other  direction?  Might  not  the  remark  more  fitly  read:  "This 
is  the  age  of  specialization,  and  the  engineer  who  attempts  to  follow 
too  far  all  lines  of  engineering  becomes,  master  of  none." 

CLOSURE. 

The  Author:  There  are  some  points  brought  out  in  the  discus- 
sion that  I  would  like  to  touch  upon  in  closing. 

Mr.  Rasmussen's  remarks  were  made  on  the  assumption,  I  think, 
that  I  attempted  to  discriminate  in  favor  of  the  consulting  as  against 
the  commercial  engineer.  1  f  I  had  attempted  to  cover  the  Engineer- 
ing Opportunities  of  the  Engineering  Manufacturer  I  might  have 
written  a  paper  two  hours  and  a  half  long  in  place  of  one  hour  and 
twenty  minutes,  but  I  did  not  want  to  impose  on  the  good  nature  of 
the  audience  to  that  extent.  I  can  assure  him  and  all  of  you  that  my 
intention  was  merely  to  draw  a  clear  distinction  between  the  fields  of 
each  of  them  and  to  show  where,  in  my  opinion,  each  could  be  most 
useful  and  could  produce  the  best  general  results.  The  consulting 
field  is  the  one  that  in  my  opinion  needs  development  at  the  present 
time  and,  therefore,  received  most  of  my  attention.  I  said  in  the 
paper  that  the  field  of  the  commercial  engineer  was  no  less  important. 
I  certainly  think  it  is  fully  as  important,  because  the  perfecting  of 
specialties  is  a  very  necessary  thing  and  involves  experimental  work 
of  high  order  which  has  to  be  carried  on  in  plants  and  this  is  all  the 
work  of  the  manufacturing  engineer.  The  consulting  engineer  is  a 
product  of  the  highly  specialized  business  organization  of  the  present 
day. 

Mr.  Rasmussen  also  draws  a  rather  unfortunate  parallel  when 
he  says  that  "a  physician  is  no  less  a  physician  when  he  works  for  a 
large  corporation."  Quite  true  when  he  devotes  himself  to  experi- 
mentation and  to  the  perfection  of  the  specialties  of  the  drug  manu- 
facturer for  which  we  may  assume  he  is  working.  But  when  he 
diagnoses  diseases  and  prescribes  remedies  so  as  to  sell  the  products 
of  his  house,  he  oversteps  the  bounds  of  his  profession  and  becomes 
a  menace  to  society.  Yet  this  is  just  what  some  engineering  manu- 
facturers are  doing.  The  experimenting  physician  of  the  drug  manu- 
facturer may  be  a  greater  doctor  than  the  practicing  physician  and 
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certainly  performs  just  as  useful  a  function  so  long  as  he  confines 
himself  to  his  proper  sphere. 

As  a  personal  confession  I  deeply  appreciate  the  remarks  made 
by  my  friend  and  former  associate,  Mr.  Curtis,  regarding  my  work 
while  engaged  in  commercial  engineering.  I  look  back  upon  it  with 
a  degree  of  satisfaction,  but  during  the  last  few  years  of  my  em- 
ployment I  gradually  drifted  to  the  point  of  view  I  now  hold,  and 
began  to  see  very  clearly  how  terribly  hampered  the  manufacturing 
engineer  is  unless  he  is  working  under  the  intelligent  direction  of 
the  owner's  engineer. 

My  designs  were  parts  of  a  more  or  less  haphazard  whole. 
Neither  I  nor  the  firm  I  represented  could  supply  the  general  engi- 
neering direction  necessary  to  unify  and  complete  the  whole.  I  was 
riding  two  horses  at  once  and  it  was  not  always  easy  to  keep  my 
balance. 

Mr.  Curtis  speaks  of  the  consulting  engineer  exceeding  the 
proper  limits  of  his  work  and  attempting  to  do  things  for  which  he 
is  not  fitted  or  equipped.  This  is  one  of  the  dangers  that  beset  both 
the  consulting  and  the  manufacturing  engineer.  I  have  heard  life 
defined  as  "The  fine  art  of  taking  hold  and  letting  go;'  and  that  is  a 
very  good  definition.  I'.olh  the  consulting  and  manufacturing  engi- 
neer must  know  when  to  take  hold  and  when  to  let  go,  and  this  was 
one  of  the  main  points  of  my  paper.  They  can  be  very  useful  to 
each  other  if  they  will  only  co-oj^erate. 

He  also  states  a  hyjjothetical  case  to  show  how  the  manufac- 
turing engineer  when  relieved  of  competition  can  furnish  general 
engineering  services  and  sell  his  product  at  a  profit,  at  less  cost  to 
the  owner  than  when  a  consulting  engineer  is  employed.  It  would 
certainly  i)e  strange  if  this  were  not  sometimes  the  case.  You  can 
prove  anything  by  hypothetical  cases.  But  I  am  dealing  with  prin- 
ciples, and  with  policies  that  I  feel  sure  will  give  the  best  results  in 
the  long  run. 

The  consulting  engineer  too  frequently  lacks  training  and  ex- 
perience. Anyone  can  hang  up  a  shingle  and  the  public  seems  to 
find  it  hard  to  discriminate.  No  one  should  attempt  to  enter  the 
consulting  field  until  his  experience  has  qualifie«l  him  for  its  respon- 
sibilities, for  I  can  assure  you  that  these  responsibilities  are  many 
and  great. 

Of  course,  the  consulting  engineer  sometimes  awards  work  to 
firms  who  will  take  it  below  cost  or  who  do  not  fully  realize  what 
the  work  is  going  to  cost  them.  Tiie  engineer  should  never  know- 
ingly take  advantage  of  a  mistake  in  a  bid  and  where  a  bid  looks 
unreasona.bly  low  it  is  my  practice  to  ask  the  bidder  to  rcfigure  it. 
It  is  a  manufacturer's  privilege,  however,  to  "break  into"  a  line  of 
trade  by  selling  his  goods  at  a  loss  if  he  desires  to  do  so.  I  did 
this  myself  many  times  in  my  contracting  days,  and  Mr.  Curtis 
has  done  it  too.  The  returns  generally  came  later  when  wc  were 
able  to  get  work  without  competition. 
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Mr,  Curtis'  position  is  like  that  of  the  old  business  man  who 
testified  that  he  was  unalterably  opposed  to  all  trusts  and  monopolies 
except  those  in  which  he  was  interested.  It  is  hard  for  those  firms 
who  have  established  a  profitable  line  of  exclusive  trade  to  see  other 
firms  entering-  their  preserves  and  to  see  the  consulting  engineer 
offering  the  newcomers  the  same  opportunities  that  they  have  been 
enjoying  alone.  But  it  is  good  for  business,  and  makes  for  progress 
all  around,  I  have  lived  through  eras  of  combination  and  high 
prices  and  eras  of  cut-throat  competition,  and  the  latter  always  fol- 
lowed the  former,  for  monopolies  become  inefficient,  greedy,  and 
unwieldy  when  let  alone.  I  believe  that  the  only  business  that  will 
last  is  one  founded  on  efficient  production  and  quality  of  product. 
When  manufacturers  cease  trying  to  corner  the  market  and  to  secure 
high  prices  by  combinations,  "free  engineering,"  etc.,  they  will  have 
a  real  chance  to  develop  excellence  and  efficiency. 

As  far  as  the  cost  of  "free  engineering"  is  concerned,  I  do 
not  believe  Mr.  Curtis  realizes  it  himself.  I  am  sure  that  I  did  not 
till  I  became  acquainted  with  the  methods  of  many  different  con- 
cerns in  various  lines  of  work.  If  the  actual  figures  could  be  ob- 
tained they  would  doubtless  run  very  close  to  the  single  instance 
quoted  by  Mr,  Reichmann. 

Now  as  to  "standards"  to  which  Mr.  Curtis  has  also  referred. 
I  fully  appreciate  the  executive  advantages  of  standards,  but  the 
trouble  comes  when  you  combine  a  system  of  standards  with  a  com- 
petitive system  under  which  the  manufacturer  does  the  engineering 
work.  In  order  to  get  a  contract,  old  patterns  must  be  figured  on  so 
far  as  possible,  and  the  result  is  bad  designing.  I  have  seen  this 
time  after  time,  usefulness  and  efficiency  absolutely  sacrificed  in 
order  to  save  the  cost  of  a  pattern.  When  there  is  a  competent  con- 
sulting engineer  on  the  work,  standards  are  given  their  proper  place, 
to  be  used  or  not  as  they  fit  into  the  designs.  Why  do  you  suppose 
shaker  screens  are  still  operated  almost  universally  by  eccentrics, 
and  set  on  rollers  which  frequently  wear  flat  in  a  month?  Simply 
cheap  first  cost  and  standard  patterns,  against  high  maintenance 
and  unsatisfactory  service  which  someone  else  pays  for.  It  has 
taken  the  consulting  firms  to  start  progress  in  these  directions  and 
these  are  only  two  things  among  hundreds  where  efficiency  and 
service  have  been  sacrificed  to  standards.  As  I  said  in  the  paper 
"standards  are  good  servants  but  bad  masters." 

I  am  tempted  to  add  one  more  thing  brought  out  by  Mr.  Reich- 
mann's  discussion,  and  this  is  that  the  manufacturing  engineer  makes 
his  design  to  secure  the  work,  if  possible,  and  naturally  his  first 
object  is  to  m.ake  it  attractive  to  the  man  with  whom  he  is  dealing. 
He  must  think  what  he  thinks  the  owner  is  thinking,  and  this  colors 
the  whole  question  of  manufacturers'  designs.  In  many  instances 
the  owner's  or  operator's  (and  for  that  matter  the  engineer's)  en- 
gineering preconceptions  are  quite  inadequate  or  faulty.  A  consult- 
ing engineer  directly  in  the  owner's  employ  can  discuss  such  matters 
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with  him  freely  and  exchange  ideas  as  an  equal,  without  any  sus- 
picion that  his  advice  is  colored  by  a  desire  to  sell  him  something. 
The  fundamental  features  of  the  design  are  thoroughly  threshed 
out  and  the  result  is  usually  better  than  either  party  could  have 
secured  alone.  When  the  conscientious  manufacturing  engineer  at- 
tempts to  do  so  he  frequently  antagonizes  the  owner  and  loses  the 
job. 

Since  writing  this  paper  1  have  had  the  unpleasant  task  of  mak- 
ing an  examination  for  the  owners  of  one  of  the  most  ambitious  and 
extensive  recent  mining  installations  in  the  middle  west.  The  plant 
was  designed  by  different  manufacturing  engineers  under  the  direc- 
tion of  the  superintendent  and  the  result  was  simply  appalling.  I 
am  afraid  I  should  have  made  my  paper  much  stronger  if  I  had  had 
this  experience  before  writing  it.  If  another  large  mining  plant  is 
ever  built  in  this  way  without  the  benefit  of  general  independent 
engineering  design  and  direction,  it  will  be  only  because  the  lesson 
of  experience  has  not  yet  been  learned. 
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HISTORY. 

The  Department  of  Mining  Engineering  of  the  University  of 
llHnois  had  its  inception  in  the  Fuel  Conference  held  at  the  Uni- 
versity, February,  1909.  A  committee  representing  the  mine  ope- 
rators, miners,  mine  inspectors,  and  manufacturers  of  the  state  was 
then  appointed  and  authorized  to  present  to  the  state  legislature  the 
advisability  of  establishing  at  the  University  a  Department  of  Min- 
ing Engineering.  As  a  result  of  the  efforts  of  this  committee,  the 
fortieth  session  of  the  state  legislature  authorized  the  establishment 
of  such  a  department. 

The  bill  provided  that  "The  said  Department  of  Mining  En- 
gineering shall  offer  such  courses  of  instruction  relating  to  the 
science  and  practice  of  mining  as  will  best  serve  to  train  young  men 
for  efficient  work  in  the  various  phases  of  the  mining  industry." 

"That  in  addition  to  its  work  of  instruction,  the  said  Department 
of  Mining  Engineering  shall,  so  far  as  practicable,  concern  itself 
with  the  development  and  dissemination  of  such  scientific  facts  as 
are  likely  to  be  of  service  in  improving  the  practice  of  mining,  with 
reference  to  efficiency  in  operation,  to  the  security  of  life  in  the 
mines,  and  to  the  conservation  of  the  fuel  and  other  mineral  re- 
sources of  the  state." 

An  appropriation  of  $7,500  per  annum  for  two  years  was  made 
to  inaugurate  the  work,  and  the  succeeding  session  of  the  legisla- 
ture appropriated  $1.S,000  per  annum  for  two  years  for  the  main- 
tenance of  the  department  and  $25,000  for  the  building  and  equipping 
of  a  mining  laboratory. 

The  forty-first  session  of  the  legislature  also  provided  for  an 
engineering  building,  which  was  occupied  September,  1911,  and 
is  named  the  Transportation  Building.      (Fig.    1.) 

The  first  floor  of  this  building  is  occupied  by  the  Department 
of  Railway  Engineering,  and  the  third  floor  by  the  Department  of 
General  Engineering  Drawing. 

The  second  floor  of  this  building  at  present  contains  the  ad- 
ministrative offices,  classrooms  and  drafting  rooms  of  the  Mining 
Department ;  also  a  small  museum,  a  laboratory  for  the  study  of 
safety  lamps  and  mine  gases,  and  the  office  of  the  Miners'  and  Me- 
chanics' Institutes. 

The  present  paper  deals  with  the  equipment  and  organization 
of  the  Mining  Department,  April  1,  1914. 

In  the  rear  of  the  Transportation  Building  are  the  mining 
laboratories  (Fig.  2),  which  occupy  a  single  story  mill  type  brick 
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structure,  42  ft.  by  104  ft.,  having  steel  roof  trusses,  concrete  floors, 
and  of  general  fireproof  construction.  Work  was  begun  on  this 
building  in  1911,  and  it  was  occupied  in  February,  1912. 

The  arrangement  of  the  coal  washing  and  ore  dressing  equip- 
ment was  designed  by  the  faculty  of  the  Mining  Department  with 
the  co-operation  of  a  number  of  builders  of  mining  machines,  and 
particularly  of  the  Burr  Company  of  Champaign,  which  company 
acted  as  erecting  engineers.  A  number  of  private  engineers  also 
assisted,  through  suggestions  and  criticisms. 

Under  this  plan  it  was  a  simple  matter  for  the  department  to 
change  or  alter  the  layout  of  any  machine  or  the  machine  itself,  as 
new  conditions  arose  during  construction,  and  it  also  allowed  the 
purchase  of  such  machines  as  were  best  for  the  purpose  in  view, 


Fig.  1.     Transportation   Building. 


without  contracting  the  entire  equipment  with  one  company.  The 
result  of  this  will  be  seen  in  the  great  number  of  manufacturers 
represented,  each  by  the  particular  piece  of  apparatus  thought  best 
to  serve  the  purpose  of  the  laboratories. 

College  mining  laboratories  have  undergone  a  peculiar  evolu- 
tion. Starting  as  an  enlargement  or  offslioot  of  the  chemical  labo- 
ratory, and  developing  along  this  line,  they  became  essentially  metal- 
lurgical and  ore  testing  laboratories,  little  attention  being  paid  to 
actual  mining  or  to  j-iarticular  problems  ccninected  with  coal.  The 
aim  in  the  design  of  the  laboratories  at  the  University  of  Illinois 
has  been  to  place  emphasis  on  general  mining  and  coal  treatment 
problems,  without  losing  sight  of  the  advantages  which  a  training 
in  the  priiu-iplcs  of  ore  dressing  gives  the  engineer. 
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Mining  and  metallurgical  laboratories  may  be  built  to  serve 
the  following  purposes:  (1)  Teaching  and  Illustration.  (2)  Tests 
and  Research.  (3)  Exhibition  and  Museum.  Thus  the  question 
arises  as  to  the  kind,  size,  and  number  of  machines  and  apparatus 
needed  for  the  particular  purpose  in  view.  The  main  purposes  of 
these  laboratories  are  teaching  and  testing,  and  since  the  position 
of  the  state  makes  coal  her  great  mining  industry,  laboratories  have 
been  evolved  in  which  to  instruct  students  in  coal  mining  and 
washing,  and  at  the  same  time  to  so  arrange  the  coal  crushing  and 
washing  machinery  that  commercial  and  investigation  work  could 
be  accurately  carried  out.  In  regard  to  the  ore  dressing  laboratory, 
sufficient  working  machines  of  small  sizes  have  been  installed  to 
illustrate  principles  or  to  test  lots  of  commercial  ore  by  the  ordi- 
nary processes. 


Fig.  2.     The  Mining  Laboratory. 


DIVISION   OF  LABORATORIES   INTO   UNITS. 

The  laboratories  shown  in  plan  and  elevation  in  Figs.  3,  4,  5 
and  6,  naturally  divide  into  four  separate  units,  (i)  Coal  Prepara- 
tion and  Washing,  for  which  one-half  the  main  room  is  reserved. 
(2)  Ore  Dressing  and  Metallurgy,  occupying  the  other  half. 
(S)  Mining,  which  includes  explosives  testing,  drilling,  boring,  coal 
cutting  and  timbering,  mine  ventilation  and  a  study  of  mine  gases, 
and  a  complete  mine  rescue  station  equipped  for  first  aid  and  rescue 
work.  (4)  The  Chemical  Laboratory  and  Sampling  Department, 
fitted  for  work  in  assaying,  chemistry  and  calorimetry,  and  for  coal 
and  ore  sampling.    They  will  be  detailed  in  the  same  order. 

A  novel  departure  in  connection  with  the  coal  and  ore  labo- 
ratories is  the  system  of  handling  all  materials.  Where  a  sloping 
or  side  hill  site  is  not  available  in  such  laboratories,  resort  must 
usually  be  had  to  elevators  or  to  an  extremely  high  building  for  the 
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purpose  of  getting  the  proper  fall  between  the  machines.  The 
conditions  here  involved  a  flat  site  and  a  rather  low  building  whose 
height  had  been  previously  fixed  by  its  relation  to  other  buildings 
of  a  group.  A  number  of  separate  elevators  would  have  required 
too  much  space,  consumed  more  power,  and  would  not  have  fur- 
nished the  flexibility  desired  among  the  machines.  The  problem  was 
finally  solved  by  the  use  of  a  Peck  carrier,  manufactured  by  the 
Link-Belt  Co.  of  Chicago,  with  which  coal  or  ore  of  any  size  can 
be  conveyed,  elevated,  and  dumped  into  any  one  of  a  line  of  five 
overhead  bins.  These  as  desired  deliver  by  bottom  gates  into  an 
Avery  movable  automatic  weighing  scale,  which  runs  on  a  track 
beneath  the  bins,  and  delivers  to  any  machine  as  desired.  Dis- 
charging from  the  particular  machine  in  question,  the  material  runs 
to  the  same  carrier,  by  which  it  can  be  elevated,  and  either  stored 
in  the  bins  or  else  conveyed  to  the  proper  point  to  be  automatically 


Tlip  Mezzanine  Floor. 


(lunii)ed  into  some  other  machine.  Thus  this  single  conveyor  eleva- 
tor serves  the  coal  or  ore  treatment  plants  as  desired,  and  unites 
the  various  machines  in  a  way  that  no  system  of  separate  elevators 
could  accomplish.  Moreover,  coal  or  ore  arriving  by  team  at  the 
plant  can  by  this  same  system  be  stored,  and  at  the  end  cif  the 
treatment  both  the  valuable  product  and  refuse  can  be  conveyed 
and  dumped  into  bin.s  situated  outside  the  building  and  from  here 
carted  away.     (I'or  details  see  Figs.  5.  6,  and  7.) 
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1.      COAL   WASHING   EQUIPMENT. 

Figure  8  shows  the  general  flow  sheet  of  the  coal  washing 
equipment.  Following  the  steel  storage  bins,  which  have  a  hopper 
bottom  and  hold  about  five  tons  of  coal  each,  come  the  geared  rigid 
coal  crushing  rolls,  18  in.  by  18  in.  and  equipped  with  corrugated 


Fig.  9.     Elevation  of  Screens  and  Hoppers. 

and  toothed  faces.  The  crushed  coal  is  next  sampled  and  elevated 
into  another  of  the  row  of  bins.  On  being  drawn  from  here,  the 
coal  is  weighed  by  the  Avery  scale  in  one  bundrctl  ]Mnnul  lots. 
before  it  pas.ses  by  gravity  to  either  a  shaker  or  revolving  screen. 
These  screens  are  set  side  by  side  in  a  dust-proof  housing  (Fig.  9)  ; 
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each  has  the  same  size  of  screen  perforations  1  in,,  ^  in.,  ^  in., 
y^  in.  (Fig.  8).  They  are  intended  for  comparative  testing.  The 
shaker  is  3  ft.  by  12  ft.  and  has  an  incHnation  of  about  three  inches 
in  twelve.  The  cylindrical  screen  is  3  ft.  in  diameter,  12  ft.  long, 
and  the  inclination  is  one  in  twelve.  Steel  bins  under  the  screens 
serve  as  receptacles  for  the  different  sizes  until  the  coal  is  needed  for 
washing.  The  oversize  is  returned  to  the  elevator  by  a  gravity 
chute,  and  from  here  to  the  rolls  for  recrushing.  (Fig.  10.) 
Jigs. 

The  sized  coal,  drawn  from  the  bins  as  above,  is  again  elevated 
and  then  conveyed  to  the  jigs  (Fig.  11).  Both  plunger  and  pan 
type  jigs  are  used,  the  former  type  being  represented  by  an  Ameri- 
can Concentrator  Company's  New  Century  three-compartment  steel- 
body  jig,  and  an  Allis-Chalmers  two-compartment  7  in.  by  15  in. 
laboratory  jig,  and  the  latter  by  a  Stewart  jig. 


Fig.  10.     Crushing  Room. 


The  New  Century  has  compartments  18  in.  by  30  in.  The  first 
compartment  has  a  plunger  with  simple  eccentric  motion,  the  sec- 
ond) has  differential,  and  the  third  compartment  a  cam  motion,  giv- 
ing a  slow  upstroke  or  suction.  By  having  separate  power  attach- 
ments for  these  compartments,  any  one  of  them  may  be  run  inde- 
pendently— a  useful  provision  when  testing  a  small  lot  of  coal,  or 
even  one  free  from  "bone." 

The  Stewart  jig  has  a  pan  17  in.  by  84  in.,  fitted  with  an  ad- 
justable refuse  gate,  and  is  provided  with  separate  washed  coal 
and  refuse  elevators,  both  having  perforated  buckets.  In  this  way 
the  washed  coal  is  delivered  to  a  separate  bin,  from  which  it  may 
be  drawn,  then  screened,  and  if  necessary  rewashed,  thus  providing 
a  complete  Stewart  washing  plant.  Similarly,  the  refuse  may  be 
stored  or  carried  to  the  general  refuse  bin  outside  the  building.  A 
three-inch  discharge  centrifugal  water  circulating  pump  allows  the 
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re-use  of  the  water  in  this  washer  and  by  a  change  of  valves  can 
be  made  to  circulate  as  well  the  washing  water  for  the  New  Cen- 
tury jig. 

The  coal  laboratory  has  also  a  small  size  Jefifrey-Robinson  coal 
washer  (Fig.  12),  with  a  cone  18^  in.  in  diameter  and  complete 
in  every  detail.  At  the  present  time  the  Heyl  &  Patterson  Co.  of 
Pittsburg,  Pa.,  has  donated  the  laboratory  a  complete  commercial 
Campbell  bumping  table  washer,  which  will  shortly  be  installed 
and  in  use.  Thus  coals  brought  here  may  be  tested  by  any  of  the 
commercial  types  of  washeries. 


Fig.  11.    Jigs. 


Among  the  accessory  apparatus  not  mentioned  in  the  general 
scheme  above  are  a  Williams  "Infant"  swing  hammer  pulverizer, 
Fig.  9,  and  a  Watson-Stillman  briquctting  press,  Fig.  12.  The  pul- 
verizer has  a  speed  of  3,600  r.  p.  m.,  and  is  directly  connected  by 
means  of  a  flexible  coupling  to  a  special  3  h.p.  motor.  With  it  coals 
up  to  a  3  in.  size  may  be  pulverized  through  l/'s  in-  mesh  at  one 
operation.  The  bri(iuclting  press  has  a  ram,  6  in.  diameter,  with 
an  8  in.  stroke,  and  a  maxinuiin  pressure  of  50  t<^ns.  It  is  similar 
to  the  one  supplied  the  IT.  S.  I'urcau  of  Mines  testing  plant  at  Pitts- 
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burg,  with  certain  improvements  suggested  by  the  Bureau  of  Mines' 
engineers. 

2.      THE  ORE  DRESSING  LABORyVTORY. 

The  Peck  conveyor,  as  previously  described,  together  with  its 
row  of  bins  and  Avery  scale,  serves  the  ore  dressing  as  well  as  the 
coal  laboratory.  This  layout,  together  with  the  position  and  kind 
of  ore  dressing  apparatus,  are  illustrated  by  flow  sheet.  Fig.  13. 
The  No.  0  Gates  breaker.  Fig.  10,  noted  first  in  this  flow  sheet,  has 
proven  itself  of  ample  size  to  break  any  pieces  of  ore  as  yet  received 
at  the  laboratory.  The  rolls  following  are  12  in.  by  12  in.  Gates  with 
smooth  faces,  and  so  arranged  that  the  oversize  from  the  Kent  screen 
will  feed  into  them  by  gravity,  or  they  may  be  fed  by  chute  from  the 


Fig.    12.     Jeffrej'-Robinson    Washer,    Briquetting    Press,    Richards    Jig    and 
Braun  Cyanide  Machine. 


bins  or  by  hand  from  the  main  feeding  floor.  Perhaps  no  machine 
about  an  ore  testing  laboratory  is  used  more  than  the  plain  rolls, 
and  their  complete  freedom  from  other  machines,  if  it  can  be  se- 
cured without  interference  with  the  real  laboratory  flow  sheet,  is 
often  a  matter  of  considerable  convenience. 

The  stamp  mill.  Fig.  14,  is  a  three  stamp  battery  of  the  A-frame 
Allis-Chalmers  pattern,  with  500  lb.  stamps.  The  usual  suspended 
feeder  is  provided,  and  ore  stored  in  one  of  the  main  bins  above 
can  be  weighed  and  passed  directly  into  this  feeder  without  the 
necessity  of  rehandling  in  any  way.  Both  inside  and  outside  silver- 
plated  amalgamating  plates  are  provided,  the  outside  one,  30  in.  by 
66  in.,  being  broken  by  one  3^  in.  drop.  Pulp  flowing  over  this 
plate  is  raised  by  a  2j/^  in.  steel  lined  centrifugal  pump  to  a  2  ft. 
double  cone  Callow  hydraulic  classifier,  the  spigot  discharge  of 
which  flows  to  a  half  size  Traylor  sand  concentrating  table,  while 
the  overflow  runs  to  a  second  classifier  3  ft.  in  diameter  and  of  the 
same  design  as  the  first.  The  spigot  discharge  from  this  classifier 
feeds  a  one-half  length  4  ft.  Chalmers  &  Williams  vanner,  while 
the  overflow  passes  to  a  Callow  settling  tank  system. 

On  a  laboratory  size  Deister  No.  3  slime  concentrating  table. 
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Fig.  7,  either  the  spigot  or  overflow  from  the  3  ft.  classifier  can  be 
treated ;  in  other  words,  for  certain  slime  work,  either  the  vanner 
or  Deister  table  may  be  used. 

All  of  the  concentrating  tables  mentioned  are  situated  on  the 
mezzanine  floor,  and  consequently  their  products  can  be  collected, 


Fig.  14.     Stamp  Mill. 


Fig.  15.     Callow  Settling  Tanks. 


drained  and  dried  without  shoveling  or  rehandling,  as  is  necessary 
in  many  laboratories.  This  is  accomplished  in  the  following  man- 
ner :  Underneath  the  mezzanine  floor  is  a  system  of  four  Callow 
tanks,  Fig.  15,  three,  four,  and  five  feet  in  diameter.  Thus  products 
from  the  Traylor,  vanner,  or  Deister  tables  and  the  overflow  from 
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the  second  classifier,  or  any  other  mill  product,  can  be  collected 
and  drained  in  these  tanks.  When  the  test  is  over  these  contents 
can  be  discharged  into  four  3  ft.  by  6  ft.  steam  drying  pans,  situated 
directly  belovv  and  on  the  lower  floor. 

In  case  an  ore  is  to  be  tested  by  concentration,  the  outline  is 
as  shown  in  the  flow  sheet,  Fig.  13.  From  the  Gates  rolls  the  mate- 
rial may  be  sampled,  raised  by  the  Peck  conveyor,  and  discharged 
over  a  3  ft.  by  6  ft.  double  Kent  vibrating  screen,  making  a  coarse 
oversize  which  runs  directly  back  to  the  rolls,  and  two  screened 
products,  called  mediums  and  fines,  which  drop  into  their  respective 
bins  ready  for  future  withdrawal.  If  desired,  the  fine  material 
may  be  thrown  by  the  stamp  mill  sand  pump  into  the  concentrat- 


Fig.  16.    Ball  Mill  and  Harz  Jig. 


ing  table  system,  and  treated  as  previously  described  untler  stamp 
mill  work.  The  medium  product  can  be  treated  by  a  two-compart- 
ment Allis-Chalmers  laboratory  llarz  jig,  I-'ig.  16,  or  by  a  one- 
conii)arlment  Richards  piilsator  jig,  Fig.  12.  This  pulsator  jig, 
being  mounted  with  a  motor  on  an  individual  base,  is  self-contained; 
by  a  change  of  columns  it  becomes  a  pulsator  classifier.  It  has 
l)roven  itself  a  remarkalilc  machine  for  either  class  of  work.  A 
30  in.  by  36  in.  clean  up  barrel  and  ball  mill  and  a  Rraun  laboratory 
cyanide  plant  complete  the  regular  ore  dressing  laboratory 
equipment. 

Of  considerable  interest  here  is  a  1  arge  frame  on  which  are 
mounted  small  working  models  of  a  two-c<>mparlmcnt  Harz  jig, 
a  W'ilfley  table,  and  a  tliree-compartment  hydiaulic  classifier.     Un- 
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derneath  the  bench  are  three  small  settling  tanks.  This  complete 
mill  unit  was  manufactured  by  the  General  Engineering  Company 
of  Salt  Lake  City,  Lltah.  The  department  has  found  that  the  models 
work  perfectly,  and  are  extremely  valuable  for  illustrative  purposes 
and  short  class  laboratory  periods. 
Pozver. 

The  power  used  in  these  laboratories  is  electrical — a  440  volt 
alternating  current  taken  from  the  university  power  wires.  Indi- 
vidual electric  drives  have  not  been  attempted  in  all  cases,  on  ac- 
count of  first  cost.  However,  the  amount  of  line  shafting  has  been 
kept  a  minimum,  and  freedom  of  the  different  units  secured.     A 


Fig.  17.     Rock  Drills. 


5  h.p.  motor  is  gear-connected  to  the  Peck  carrier;  a  15  h.p. 
motor  is  connected  by  a  Morse  chain  drive  to  the  main  line  shaft, 
which  drives  through  jaw  clutches  the  breakers,  crushers,  rolls, 
Kent  screen,  and  stamp  mill.  Separate  5  h.p.  motors  are  used  for 
the  large  coal  screens,  the  swing  hammer  pulverizer,  the  stamp  mill 
centrifugal  pump,  and  a  line  shaft  under  the  mezzanine  floor,  to 
which  are  belted  the  water  circulating  pump  for  the  coal  jigs, 
the  amalgamating  barrel  and  Harz  jig.  A  7^A  h.p.  motor  is  needed 
for  the  coal  jigs  and  their  elevators,  more  especially  as  this  same 
motor  runs  the  line  shaft  above  the  concentrating  tables.  A  3  h.p. 
motor  is  sufficient  for  the  sample  grinders.  The  list  is  completed 
by  several  small  portable  motors  of  less  than  1  h.p.  used  for  such 
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machines  as  the  Richards  jig,  the  model  concentrating  mill  unit  and 
the  Robinson  coal  washer. 

In  reviewing  the  laboratories  just  described,  it  should  be  borne 
in  mind  that  the  purposes  in  design  were  neither  size  nor  exhibi- 
tion, but  rather  an  attempt  was  made  to  effect  the  following  diffi- 
cult combination ;  to  have  unit  machines  for  instructional  purposes 
(one  machine  only  to  illustrate  one  principle)  and  at  the  same  time 
to  keep  this  apparatus,  more  especially  that  devoted  to  coal,  so 
linked  together  that  tests  on  commercial  tonnages  are  possible. 

3.      THE   MINING   LABORATORY    PROPER. 

As  may  be  seen  from  the  general  plans,  the  space  occupied  by 
mining  proper  is  the  main  floor  south  of  the  coal  and  ore  labora- 
tories.   Tt  divides  itself  into  five  sections:     (a)  Rock  Drills  and  Coal 


I'ig.  l.s.     Coal  Machines. 

Cutters,  (b)  Explosives,  (c)  Mine  Supports  and  Accessories, 
(d)  Rescue  and  First-Aid  Work,     (e)  Ventilation  and  Mine  Gases. 

(a)  Rock  Drills  and  Coal  Cutters.  On  the  west  side  of  the  room 
a  6  ft.  by  12  ft.  by  6  ft.  block  of  concrete  has  been  moulded  in  the 
floor.  On  this  three  large  iron  pipes,  each  about  6  ft.  long,  are 
fastened  upright,  with  a  heavy  wooden  cap  across  their  tops,  Figs. 
17  and  18.  Thus  with  the  aid  of  these  braces,  drills  or  augers  may 
be  mounted  for  horizontal  work  as  in  practice.  Tripods  are  also 
provided  for  the  drills,  and  sufficient  insight  in  their  manipulation 
may  be  acquired  by  drilling  into  the  block  of  concrete,  the  neces- 
sary compressed  air  being  taken  from  the  university  mains. 

The  detailed  c(|uipnicnt  of  this  section  includes  a  pneumatic  elec- 
tric coal  puncher  (scctionalized)   Sullivan  pneumatic  coal  puncher, 
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two  rotary  coal  augers,  breast  auger,  ratchet  auger,  and  a  complete 
Sullivan  diamond  drilling  outfit.  There  are  also  Leyner,  Sullivan, 
Wood,  and  Rand  machine  drills  (mounted),  a  Hardscog  stoping 
drill,  Ingersoll-Rand  hand  stoping  drill,  Sullivan  stoper  (section- 
alized),  Chicago  Pneumatic  Tool  Co.  sectionalized  drill,  churn  drills 
and  accessories,  and  a  complete  drill  sharpening  outfit,  including 
a  portable  forge.  A  cabinet  near  by  contains  hand  coal  picks,  shov- 
els, and  a  general  small  tool  exhibit.  A  special  feature  here  is  a 
Sullivan  hydraulic  air  meter,  by  w^hich  the  consumption  of  com- 
pressed air  by  different  drills  can  be  accurately  measured.  Re- 
cently the  Goodman  Company  of  Chicago  installed  one  of  their 
electric   short-v\^all   chain   coal   mining  machines  here,   an  addition 


Fig.  19.    Drilled  Hole,  Model. 

which  makes  the  laboratory  unusually  complete  in  its  illustrations 
of  mining  machinery  proper. 

(b)  Explosives.  The  list  of  apparatus  in  the  explosives  unit 
is  varied,  and  is  arranged  to  instruct  the  student  in  the  proper  use 
and  care  of  these  necessary  adjuncts  of  mining.  Here  are  collected 
and  arranged  various  dummy  explosives,  powder  samples,  fuses, 
caps,  crimpers,  wire,  electric  blasting  machines,  thawing  cases, 
rheostats  and  galvanometers.  The  list  is  completed  by  a  set  of 
powder  testing  screens  and  several  sectionalized  wooden  models 
of  drilled  holes.  These  holes  can  be  properly  loaded  and  tamped, 
and  then  opened  to  expose  the  loaded  hole  to  view.  (Figs.  19 
and  19a). 
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(c)  Mine  Supports  and  Accessories.  A  beginning  has  been 
made  with  a  division  that  the  department  hopes  to  constantly  add 
to,  namely,  mine  supports  and  accessories  used  underground.  At 
present  there  are  on  view  two  sections  of  Carnegie  steel  mine  tim- 
bers, steel  mine  ties  and  tracks,  a  complete  section  of  interlocking 
steel  shaft  piling,  and  several  scctionalized  mine  car  wheels.  Lack 
of  space  alone  has  prevented  a  more  representative  display,  as  this 
unit  could  properly  contain  types  of  underground  cars,  switches, 
automatic  doors,  stoppings,  brattices,  etc. 

(d)  First  Aid  and  Rescue  Work.  The  first  aid  and  mine  rescue 
station,  occupying  an  addition  to  the  eastern  end  of  the  building,  is 
perhaps  as  complete  as  any  similar  college  laboratory  in  the  coun- 


Fi^.  I'.ia.     Drilled  hole  opened  showing  explosive  and  tamping. 


try.  It  is  jointly  maintained  by  the  U.  S.  Bureau  of  Mines,  the 
State  Geok)gical  Survey,  and  the  Dei)artment  of  Mining  Engineer- 
ing at  the  Ihiiversity.  Cabinets  here  contain  several  types  of  breath- 
ing apparatus,  including  the  I'lcuss,  Westphalia,  and  Draegcr.  With 
them  are  electric  mine  lainjis  and  their  recharging  accessories,  a 
helmet  tele])hone,  supply  tanks  of  oxygen,  an  oxygen  charging  pump, 
and  a  sui)ply  of  caustic  potash.  A  pulmotor,  stretcher,  and  first- 
aid  cabinets  are  the  other  necessary  parts  found  here. 

Of  particular  interest  is  the  gas  chamber.  Fig.  20.  Here  is  an 
air-tight  room,  18  ft.  by  24  ft.,  fitted  with  a  representation  of  a 
mine  entry  and  overcast,  with  observation  windows  on  the  west 
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end.  On  the  wall  is  a  pulley,  through  which  leads  a  rope  with 
weights  attached.  The  purpose  of  the  whole  is  that  the  novice, 
fitted  with  breathing  apparatus,  becomes  competent  by  exercising 
and  working  in  this  room  charged,  as  it  may  be,  with  any  amount 
of  mine  gases.  He  is  required  to  climb  through  and  over  the  pass- 
ages, pull  at  the  weights,  and  in  other  ways  reproduce  actual  mine- 
rescue  and  fire-fighting  conditions. 

4.       CHEMICAL    LABORATORY. 

The  chemical  laboratory,  Fig.  21,  has  a  main  work  room  with 
supply  and  balance  rooms  adjoining.  The  supply  room  contains 
the  usual  list  of  reserve  chemicals  and  general  supplies.  The  bal- 
ance room  has  a  Keller  assay  balance,  a  pulp  and  button  balance, 
and  four  analytical  balances. 


Fig.  20.     Rescue  Station. 

The  main  room  has  double  desks  for  twelve  students,  with  a 
large  hood  close  at  hand.  Spare  tables  and  benches  are  provided,  on 
which  students  may  arrange  any  special  apparatus  or  work.  Fig.  22. 
A  large  gas  muffle  is  convenient  for  assay  and  other  heat  work. 
The  wall  cabinets  contain  Parr  calorimeters,  sulphur  photometers, 
a  microscope,  special  spring  balances  for  the  determination  of  spe- 
cific gravity,  Munroe  dropping  tubes  for  the  determination  of  set- 
tling ratios,  mine  sampling  kits,  and  a  Delamater  sink  and  float 
coal  testing  machine. 

The  grinding  and  sampling  apparatus,  although  in  the  large 
room,  properly  belong  to  this  section.  On  a  long  bench.  Fig.  23, 
are  a  Sturtevant  sample  jaw  crusher  and  disc  pulverizer,  an  Enter- 
prise power  grinder  for  coal  samples,  a  Chipmunk  crusher,  an  Abbe 
|X)rcelain  tube  mill,  and  two  hand  bucking  boards.  At  the  left,  and 
run  from  the  same  line  shaft,  are  a  Braun  power  sampler  and  a 
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Sturtevant  power  screen  for  separating  samples.  In  front  of  this 
bench  is  a  large  iron  sampling  plate  set  into  the  concrete  floor,  and  a 
cupboard  at  the  side  contains  a  set  of  37  Tyler  brass  testing  screens, 
scaled  according  to  Rittinger's  ratio.  With  them  is  a  Braun  hand 
screen  shaker,  to  facilitate  the  frequent  sizing  tests. 

There  are  several  special  rooms  connected  with  the  laboratorie.s 
as  follows: 

Adjoining  the  chemical  laboratory  on  the  south,  the  depart- 
ment has  a  large  shower  bath  and  toilet  room,  in  which  are  indi- 
vidual ventilated  steel  lockers.  This  room  is  used  in  common  with 
the  Ceramics  Department  of  the  University. 

To  the  east  of  the  gas  chamber  is  a  mechanics'  work  room, 
fitted  with  work  bench  and  necessary  tools.  All  repair  work  re- 
quiring the  use  of  power  is  carried  out  in  the  general  shops  of  the 
University. 


Fig  31.     Chemical  Laboratory. 


Above  the  chemical  laboratory,  by  the  use  of  dormer  windows 
in  the  roof,  it  has  been  possible  to  construct  three  rooms.  One  of 
these  is  used  as  a  store  room  for  small  samples,  a  second  is  a  re- 
search fellow's  office,  while  the  third  and  largest  is  fitted  as  a  class- 
room. This  is  a  feature  of  interest,  since  it  allows  class  room  work 
to  be  conducted  while  the  students  are  in  their  laboratory  clothes,  and 
without  the  necessity  of  going  outside  and  into  one  of  the  regular 
college  class  rooms. 

Among  the  apparatus  which  will  be  installed  shortly  are  addi- 
tional ventilation  equi]Mucnt,  a  motor  generator  set,  a  magnetic  sepa- 
rator, additional  classifiers  for  both  coal  and  ore  work,  adjustable 
coal  testing  screens,  and  a  model  hoisting  e(|uipnient.  With  these 
accessories  the  laboratories  sh<ndd  be  in  a  ]iosition  to  meet  any  de- 
mand put  upon  tlicni  by  student  or  commercial  needs. 
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VENTILATION  AND  MINE  GAS  LABORATORY. 

This  laboratory,  Fig.  24,  is  equipped  for  the  study  of  the  ele- 
ments of  mine  ventilation,  such  as  mine  gases,  coal  dust,  safety 
lamps,  and  other  lighting  devices,  and  for  the  measurement  and  de- 
termination of  the  composition  of  mine  air. 

The  equipment  includes : 

An  assortment  of  safety,  electric,  and  carbide  mine  lamps,  with 
magnetic  lighting  and  locking  devices  for  the  same. 

Oldham,  Clowes  and  Hailwood  lamp  cap  observation  machines. 

Bunsen  photometer. 

Apparatus  for  the  analysis  of  mine  air. 

Models  of  mine  fans. 

A  very  complete  equipment  of  anemometers  and  Pitot  tubes, 
hygrometers,  thermographs  and  hygrographs. 

Mine  telephones,  gongs  and  other  signaling  devices. 


Fig.  22.     West  End  of  Chemical  Laboratorj\ 


MUSEUM 

A  museum  must  of  necessity  develop  slowly,  but  a  good  start 
has  been  made  by  securing  samples  of  sized  coal  from  the  washeries 
in  Illinois ;  products  from  the  zinc  smelters  in  the  state ;  an  assort- 
ment of  iron  ores ;  models  of  mechanical  appliances  used  about  the 
mines ;  and  of  mine  workings.  The  hallway  in  the  Transportation 
Building  will  also  contain  glass  cases  for  displaying  museum  ma- 
terial. 

DRAFTING    ROOM. 

The  drafting  room  contains  catalogs  of  manufacturers  of  ma- 
chinery, thoroughly  card-indexed ;  a  large  assortment  of  photographs 
of  mining  scenes  and  appliances  exhibited  in  wall  display  cabinets ; 
about  800  blue  prints  of  mining  machinery  and  mine  plants ;  and  a 
comprehensive  collection  of  pocketbooks  and  similar  textbooks  used 
in  connection  with  mine  design. 
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The  equipment  describerl  ahcvc  is  designed  not  only  for  the 
use  of  students  taking  the  full  four-year  course  in  mining  engi- 
neering and  for  use  in  connection  with  the  short  course  held  under 
the  auspices  of  the  Miners'  and  ^Mechanics'  Institutes,  but  also  for 
experimental  researches  in  connection  with  the  resources  and  mining 
and  metallurgical  interests  of  the  state.  As  the  e(juipment  is  at 
all  times  open  for  the  inspection  of  visitors,  it  also  serves  to  illus- 
trate the  modern  scientific  appliances  used  in  mining,  an  effort  being 
made  to  have  on  exhibition  the  newest  devices  in  so  far  as  funds 
will  permit.  The  manufacturers  of  mining  appliances  have  very 
generously  cither  given  outright,  granted  especially  favorable  prices, 
(jr  have  loaned  their  machines  for  display  or  for  purposes  of  ex- 
])erimcntati<)n. 

>riXi:RS'   AXl)   MF.CIIAMCS'    INSTITUTE. 

Immediately  after  the  Cherry  disaster,  a  bill  was  introduced 
into  the  state  les:islaturc  1)\-  tlie  lllinnis  Mining  Investigation  Com- 


I'is. 


Grindinfi  and  Sanii)linji;  Room. 


mis.>ion,  ])r()viding  for  the  establishment  of  miners'  and  mechanics' 
institute  under  tlie  general  direction  of  the  Department  of  Min- 
ing Engineering.  This  bill  was  passed  and  an  appropriation  was 
made  for  carrying  on  the  work,  but  the  bill  was  declared  uncon- 
stitutional, as  it  was  not  one  of  the  items  included  in  the  call  of  the 
Oovernor  for  the  special  session  of  the  legislature. 

.\  similar  bill  of  authorization  was  passed  by  the  forty-first 
session  of  the  stale  legislature,  but  as  no  approiiriation  was  made 
for  carrying  on  the  work  until  the  end  of  the  forty-second  session, 
that  is,  about  June  1,  l'>13,  the  establishment  of  such  institutes  was 
further  delayed,  owing  to  the  stringency  in  the  state  treasury  and 
money  was  not  available  for  starling  the  work  until  lanuary  1.  1*M4 
Since  that  time,  two  bulletins  have  been  published,  outlining  the 
scope  of  the   work  .nid   gi\ing  a   history   of   similar  etTorts  in   the 
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L'nited  States  and  foreign  countries.     Classes  are  now  being  lield 
in  Harrisburg.  Herrin,  and  Belleville. 

A  short  course  is  also  now  in  progress  at  the  University  of 
Illinois  under  the  direction  of  the  Miners'  and  Mechanics'  Institute. 
The  appropriation  of  $15,000  per  annum  will  not  permit  these 
classes  to  be  established  at  all  places  from  which  requests  for  such 
classes  have  come,  but  during  the  coming  year  it  is  hoped  that  the 
method  of  secondary  mining  instruction  best  adapted  to  the  condi- 
tions in  Illinois  may  be  demonstrated  and  a  substantial  foundation 
laid  for  a  more  comprehensive  movement  as  soon  as  more  adequate 
means  are  available 


Fig.  24.     Gas  Testing  Laboratory. 


COOPERATIVE    MINING    INVESTIGATION. 

In  order  to  carry  out  the  instructions  in  the  bill  of  incorpora- 
tion regarding  an  investigation  of  the  resources  of  the  state,  and  in 
accordance  with  specific  authorization  of  the  Forty-Seventh  General 
Assembly  of  Illinois,  a  cooperative  agreement  was  made  in  1911  and 
renewed  yearly  since  then  between  the  Department  of  Alining  Engi- 
neeririg,  the  State  Geological  Survey,  and  the  United  States  Bureau 
of  Mines.  By  this  agreement  it  has  been  possible  to  secure  the  joint 
efforts  of  mining  engineers,  geologists,  and  chemists  in  the  employ 
of  the  three  contracting  parties  to  make  investigations  of  the.  meth- 
ods of  mining  in  relation  to  the  safety  of  miners  and  the  appliances 
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best  adapted  to  prevent  accidents ;  the  possible  improvements  of  the 
conditions  under  which  mining  operations  are  carried  on ;  the  use 
of  explosives  and  electricity  in  mines ;  the  prevention  of  accidents, 
the  coal  resources  of  the  state  and  all  other  inquiries  and  technologic 
investigations  pertinent  to  the  industry  of  coal  mining. 

The  plan  of  operation  and  the  method  of  carrying  on  this 
cooperative  work  has  been  fully  described  in  a  preliminary  bulletin 
distributed  in  1912,  but  in  brief,  the  state  was  divided  into  nine 
districts  and  one  hundred  mines  chosen  for  study.  The  mines  in 
each  district  are  in  the  same  bed  of  coal  and  are  operated  under 
similar  conditions.  Complete  mining  and  geological  data  have  been 
gathered  from  these  one  hundred  mines  and  compilation  of  these 
data  and  conclusions  based  upon  it  have  been  prepared  in  form  of 
reports,  three  of  which  are  now  in  the  printers'  hands,  and  the  re- 
mainder should  be  in  press  before  July  1,  1914.  As  the  mines 
chosen  are  typical  and  representative  mines  and  constitute  one- 
fourth  of  all  the  shipping  mines  in  the  state,  the  data  gathered 
should  fairly  well  represent  the  general  conditions  in  the  state.  It 
is  hoped  that  ultimately  similar  data  from  every  shipping  mine  in 
the  state  may  be  gatlicrcd  and  a  record  kept  continuously  of  all  new 
developments. 

Separate  studies  have  been  made  or  are  now  in  progress  of 
the  humidity  condition  in  the  mines,  the  explosibility  of  the  coal 
dusts  in  each  of  the  one  hundred  mines,  the  explosives  used,  the 
use  of  gasoline  locomotives,  the  amount  of  dust  produced  by  dif- 
ferent mining  machines,  the  humidity  conditions  of  the  mine  air. 
and  the  spontaneous  combustion  of  Illinois  Coal. 

MINE   RESCUE   STATION. 

Reference  has  already  been  made  to  the  I'^uel  Conference  held 
at  the  University  of  Illinois  in  February,  1909.  One  reason  for  the 
holding  of  this  conference  was  to  inaugurate  a  mine  rescue  station 
established  at  the  University  jointly  by  the  United  States  Bureau 
of  Mines,  the  State  Geological  Survey,  and  the  College  of  Engi- 
neering of  the  University.  The  United  States  r)Ureau  of  Mines  has 
since  that  time  maintained  a  resident  mining  engineer  in  Urbana, 
who,  at  first,  devoted  a  large  amount  of  time  to  the  training  of  men 
in  the  use  of  rescue  apparatus  and  first-aid.  With  the  establishment 
of  the  state  rescue  stations  and  rescue  cars,  the  demand  for  such 
training  at  Urbana  fell  off  and  the  resident  engineer  has  for  several 
years  devoted  his  time  almost  exclusively,  while  in  Urbana,  to  the 
cooperative  investigation  referred  to  above.  In  comiectit>n  with  the 
cooperative  investigation,  the  U.  S.  Bureau  of  Mines  has  also  had 
stationed  at  Urbana  a  chemist  who  has  investigated  the  explosibility 
of  the  dusts  in  Illinois  mines  and  is  now  engaged  in  analyzing 
samples  of  mine  air. 
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STATE   ACTIVITIES. 

The  department  has  been  represented  upon  each  of  the  three 
IlHnois  Mining  Investigation  Commissions,  the  IlHnois  Mine  Rescue 
Station  Commission,  and  has  also  cooperated  with  the  IlHnois  Civil 
Service  Commission. 

CONCLUSION. 

For  years  the  mines  of  the  United  States  have  ranked  high  in 
their  mechanical  equipment  and  production,  in  fact,  in  all  that  goes 
to  make  up  the  art  of  mining,  iDUt  on  the  scientific  side  of  mining 
this  country  has  lagged  behind  Europe,  excepting  in  a  few  striking 
instances  such  as  the  work  of  Professor  Richards  in  ore  dressing. 
This  has  been  particularly  the  case  in  the  science  of  coal  mining, 
but  within  the  past  six  or  seven  years  a  great  change  has  taken 
place  in  this  particular,  and  a  most  significant  forward  movement 
started.  Much  credit  must  be  given  to  the  United  States  Bureau 
of  Mines  for  bringing  prominently  before  the  country,  during  the 
past  few  years,  the  science  of  coal  mining,  and  now  research  work  in 
mining  is  being  vigorously  prosecuted  by  the  Bureau  of  Mines,  by 
a  number  of  mining  colleges  and  by  mining  companies. 

In  the  development  of  the  Department  of  Mining  Engineering 
at  the  University  of  Illinois,  this  changed  attitude  toward  the  scien- 
tific aspects  of  coal  mining  has  been  kept  in  mind,  not  only  because 
Illinois  ranks  third  among  the  coal  producing  states  in  the  United 
States,  but  because,  in  the  development  of  mining  education  in  the 
United  States,  coal  mining  has  been  too  generally  neglected  and  has 
seemed  to  be  considered  unworthy  of  a  place  on  the  same  scientific 
plane  as  ore  mining  and  metallurgy.  In  the  development  of  the 
courses  at  Illinois,  an  efifort  has  been  made,  therefore,  not  only  to 
give  a  broad  general  course  in  mining  engineering  that  would  fit  a 
young  man  to  enter  any  branch  of  the  mining  industry,  but  to  pro- 
vide special  facilities  for  those  who  wish  to  specialize  in  coal  mining; 
particularly  in  graduate  work.  The  work  of  Professor  Parr  and 
of  others  in  the  Engineering  Experiment  Station  and  in  the  State 
Geological  Survey  in  connection  with  the  coals  of  Illinois  had  already 
called  attention  to  Urbana  as  a  center  for  investigations  in  the 
utilization  and  geology  of  coal,  and  a  most  excellent  foundation  had 
thus  been  established  upon  which  to  build  a  course  in  coal  mining 
engineering. 

As  the  question  is  often  asked,  "Why  teach  mining  in  the  corn 
belt?"  it  may  be  of  interest  to  give  some  of  the  reasons  why  this 
should  be  done. 

People  have  become  so  accustomed  to  looking  upon  Illinois  as 
an  agricultural  state,  and  referring  to  it  as  being  the  center  of  the 
great  corn  belt,  that  many  of  her  own  citizens  even  do  not  appre- 
ciate the  rank  of  the  state  as  a  mineral  producer,  and  among  the 
manufacturing  states.  According  to  the  United  States  Geological 
Survey  for  1912,  excluding  pig  iron,  Illinois  ranked  third  among  the 
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mineral  producing-  states  and  in  that  year  ])roduced  $123,068,897  of 
mineral  output,  the  principal  items  of  which  were  the  following: 

Coal    $70,294,338 

I'luorspar  (  l')l  1)    481.635 

I'etroleum    24,332,605 

Clay  Products   15,210,990 

Zinc   560,970 

The  value  of  the  manufactiu'ed  products  of  Illinois,  according  to 
the  Census  of  1910.  was  $1,919,277,000,  while  the  cereals  raised  in 
the  state  were  valued  only  at  $297, 523,0' ^S.  These  figures  show 
that  although  Illinois  may  he  justly  proud  of  her  agricultural  stand- 
ing, the  wealth  and  industry  of  the  state  are  represented  more  in 
her  factories  and  mines  than  in  l;ier  farms. 

Illinois  ranks  first  in  fluorspar;  second  in  value,  though  third  in 
(|uantity,  in  coal;  second  in  infusorial  earth;  third  in  petroleum  and 
])ig  iron;  fourth  in  coke,  in  clay  products,  and  in  sand  and  gravel; 
fifth  in  cement;  seventh  in  stone. 

She  stands  first  in  the  production  of  zinc  spelter,  and  such 
])lants  as  South  Chicago,  Gary,  and  Joliet  are  rapidly  making  the 
southern  end  of  Lake  Michigan  the  Pittsburgh  of  the  West.  The 
value  of  the  pig  iron  produced  in  Illinois  in  1911  was  $428,288.16. 

The  X'crmilion  County  coal  fields  with  the  large  mines  of  the 
P)Unsen.  Dering.  and  other  coal  companies  is  only  25  miles  east  of 
I'rbana,  and  even  nearer  are  some  of  the  largest  coal  strijipings  in 
the  Cnited  States.  At  the  plant  of  the  Western  I>rick  Company 
west  of  Danville  there  are  probably  more  phases  of  mining  illus- 
trated than  anywhere  else  in  the  L^iited  States  in  the  same  area. 
The  glacial  surface  drift  is  hydrauliced,  the  shale  bed  underneath 
worked  with  a  steam-shovel,  and  the  coal  under  the  clay  is  quarried ; 
on  the  same  ]iroperty  is  a  room  and  pillar  mine  worked  from  a 
drift.  Within  a  radius  of  two  miles  of  this  mine  practically  all 
known  methods  of  moving  material  in  stripping  propositions  are 
illustrated.  Near-by  also  at  Fairmount  is  the  large  limestone  c|uarry 
of  the  United  States  Steel  Company,  from  which  a  train  load  of 
limestone  is  shipi)ed  every  day  to  the  furnaces  near  Chicago.  The 
most  extensive  long-wall  mining  in  the  Ignited  States  is  within  a 
hundred  miles  toward  the  northwest:  about  the  same  distance  north 
from  Urbana  are  the  steel  works  of  Chicago,  Joliet.  and  Gary.  The 
large  mines  of  Williamson  and  I'ranklin  counties  in  the  south  antl 
those  of  central  Illinois  can  be  reached  in  a  few  hours  by  train  or 
interurl)an.  Within  one  hundred  miles  there  are  four  of  the  largest 
zinc  plants  in  the  Cnited  .States,  one  of  these  being  at  Danville  only 
thirty  miles  away.  At  a  slightly  greater  distance  are  the  zinc  i)lants 
of  southwestcru  Illinois,  the  zinc  and  lead  deposits  of  Missouri, 
the  iron  and  co]^]icr  of  Michigan,  the  cojiper  of  Tennessee  and  all 
of  the  coal  fields  of  the  .\pi)alachian  regi(^n. 

The  location  nf  the  Universitv  of   Illinois  is  thus  seen  to  be 
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central  to  mining-  and  nietalliiroical   industries  instead  of  isolated 
as  so  many  wrongly  imagine. 

discussion: 

PresidaU  Lee:  We  have  here  to-night  gentlemen  who  are 
familiar  with  this  subject  and  who  I  am  sure  can  discuss  it  to  our 
advantage. 

We  should  be  glad  to  hear  from  Mr.  De  Wolf. 

Frank  W.  De  Wolf,  m.w.s.e..-  I  am  a  little  surprised  to  be 
called  on  at*  once  to  discuss  this  paper.  I  did  not  think  that  one  of 
the  out-of-town  members,  also  from  Urbana,  would  be  the  first  to 
comment  on  the  paper  of  a  colleague. 

I  should  like  to  say  that  I  never  before  saw  the  mining  labora- 
tory ma  way  to  understand  it,  although  I  have  been  in  it  a  ^-ood 
many  tmies.  It  has  been  necessary  for  me  to  come  to  Chicago^'and 
hear  this  very  detailed  paper  in  order  to  get  a  conception  of  what  we 
really  have  on  the  l^niversity  campus.  Professor  Stock  has  cer- 
tamly  discussed  the  laboratory  forwards  and  backwards,  and  I  am 
sure  we  all  appreciate  the  thought  which  was  expended  on  that 
building  and  its  equipment,  and  the  very  admirable  experimental 
plant  which  has  been  obtained  from  a  comparativelv  small  amount 
of  money. 

With  respect  to  the  investigational  work  in  cooperation  with 
he  State  Geological  Survey  and  the  U.  S.  Bureau  of  Alines  which 
the  author  has  described;  and  with  which  I  am  more  familiar  I 
cannot  add  anything  to  his  description  which  will  make  it  clearer'or 
inore  interesting.  I  am  sure  it  is  a  pleasure  to  work  with  one  who 
nas  his  breadth  of  view  and  who  makes  such  liberal  acknowledo-- 
ment  of  the  assistance  rendered  by  the  Geological  Survey. 

I  trust  others  here  will  bring  up  questions  of  special  interest 
to  the  members  present. 

T  ^^j  v,'  ^°^^''^^'  ^r-W.s.E. :  There  are  one  or  two  questions  which 
1  would  like  to  ask.  In  fact,  before  hearing  the  paoer  I  had  several 
questions  to  ask  the  professor  but  he  has  answered  most  of  them. 
I  thing  Professor  Stock  made  the  laboratorv  for  the  training 
of  our  students  at  the  l^niversity  of  Illinois  mining  department  very 
plain. _  I  knew  considerable  about  this  laboratorv"^  as  I  was  in  coii- 
sultation  with  the  professor  several  times  when  he  was  planning 
tor  It,  arranging  for  the  machinery,  and  .so  on,  but  I  had  no  idea 
tliat  he  had  gone  so  far  with  it  and  had  accomplished  so  much  in 
so  short  a  time.  I  certainly  congratulate  the  University  on  having 
a  mining  laboratory  so  very  complete.  I  know  considerable  about 
the  subject  and  yet  I  was  astonished  with  the  complication  of  equip- 
ment that  they  found  necessary  to  illustrate  this  work  to  the  mining 
students.  It  is  a  fine  compliment  to  the  professor  that  he  under- 
stood all  the  various  details  that  enabled  him  to  select  such  an 
extensive  line  of  equipment  for  the  various  subjects  that  come  in 
this  department. 
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One  of  the  questions  that  1  want  to  ask  the  j)rofessor  is  this. 
Was  the  machinery  in  the  laboratory  which  he  first  presented,  not 
including  the  geological  laboratory,  selected  primarily  for  illustra- 
tion and  demonstration  for  students  or  was  it  selected  ultimately  also 
for  research  work  on  behalf  of  the  mining  industry  of  the  State?  If 
not,  do  they  expect  to  add  equipment  later  for  the  latter  purpose? 

Professor  Sioek:  We  have  considered  that  a  university  labora- 
tory should  fulfill  three  purposes:  First,  teaching;  second,  research, 
and  third,  exhibition  purposes.  We  have  tried  to  keep  in  view  there- 
fore, first,  the  teaching  item ;  second,  the  research  work,  and,  third, 
the  installation  of  some  machines  that  possibly  may  be  out  of  date, 
or  may  not  yet  be  tried  out  thoroughly,  but  which  illustrate  certain 
principles  and  may  therefore  be  of  use,  whether  they  are  the  most 
efificient  mechanically  or  not. 

The  laboratory  is  being  used  for  testing  and  for  research  work 
as  well  as  for  teaching,  and  we  hope  to  make  more  and  more  of  these 
features  as  time  goes  on,  but  we  have  been  busy  trying  to  get  the 
laboratory  started  and  in  getting  the  teaching  end  of  it  going.  A 
laboratory,  I  find',  is  like  almost  any  commercial  plant,  it  does  not  go 
when  you  push  the  button,  and  some  things  you  do  not  foresee.  We 
sometimes  have  to  change  things  and  we  have  not  gotten  beyond  the 
changing  stage. 

Mr.  Roberts  has  spoken  of  giving  us  some  assistance.  In  the 
written  paper — and  I  apologize  for  not  mentioning  it  before — credit 
is  given  to  dift'erent  engineers  and  manufacturers  for  very  definite 
assistance  in  our  equipment. 

Mr.  Roberts:  Although  the  professor  spoke  of  the  time  when 
this  mining  school  at  our  State  University  was  instituted,  he  did  not 
state  how  recently  the  laboratory  was  established  and  you  may  not 
realize  what  an  immense  amount  of  work  has  been  done  since  the 
laboratory  was  first  i)lanncd.  I  realize  that  the  professor  has  not 
had  a  great  deal  of  time  to  go  into  some  of  the  subjects  that  we 
men  in  mining  work  are  much  interested  in ;  that  is.  the  practical 
side  of  his  work  and  the  theoretical  side  of  our  work.  We  are  so 
busy  earning  a  living  that  we  do  not  have  as  much  time  as  we  ought 
to  have  for  some  of  the  things  that  we  hope  he  can  do,  and  I  suppose 
he  is  so  busy  getting  this  laboratory  in  good  working  order  and  in 
teaching  that  he  has  not  had  time  yet  to  do  some  of  the  things  that 
he  wants  to  do.     This  brings  me  to  my  second  question. 

Aside  from  the  work  that  has  been  done  in  the  rescue  depart- 
ment, which  was  the  first  and  most  important  work  that  could  be 
done,  and  the  studv  of  the  cxi)l()sibility  of  dust  in  various  coals,  what 
have  you  in  mind,  professor,  to  take  up  next  to  help  us  put  our 
niining  industry  in  Illinois  on  a  better  working  basis? 

Professor  Stoek:  In  connection  with  the  cooperative  investiga- 
Ivpn.  we  took  100  mines,  trying  to  get  them  as  rejircscntative  as  pos- 
sible of  present  ]iractice.  and  have  gathered  from  them  data  in  regard 
to  diO'crcnt  ])hases  of  the  work,  such  as  thickness  of  the  coal,  kind 
of  haulage,  kind  of  hoisting,  the  thickness  of  pillars,  in  fact  all  the 
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engineering  features  we  could  get.  We  have  tabulated  these  data 
and  are  publishing  a  series  of  bulletins,  of  which  there  will  be  nine, 
each  one  including  tabulated  data  and  a  statement  of  the  present 
mining  practice  in  the  region  discussed.  For  instance,  for  the  Dan- 
ville region  in  Vermillion  County,  where  all  the  mines  operate 
under  practically  the  same  conditions,  we  have  tried,  as  nearly  as 
we  can  by  studying  about  one  in  every  four  of  the  representative 
mines,  to  formulate  what  is  the  present  practice.  Similarly  each  one 
of  these  nine  districts  will  be  studied,  and  as  soon  as  the  preliminary 
descriptive  bulletins  have  been  issued  we  plan  to  combine  the  data 
for  the  districts,  and  find  out,  for  instance,  what  is  the  present  blast- 
ing practice  in  the  State,  what  is  the  present  method  of  timbering, 
etc.,  and  try  to  find  out  by  correlating,  say,  the  method  of  timbering 
in  a  certain  district  with  the  accidents  in  that  district,  if  there  is  any 
relation  between  them.  The  number  of  subjects  that  need  investiga- 
tion is  almost  unlimited,  but  we  have  tried  to  lay  a  foundation  of 
reliable  data,  and  to  find  out  what  is  present  practice,  and  then  pos- 
sibly work  out  what  may  be  done  by  way  of  improving  conditions. 

President  Lee:  I  would  ask  the  professor  what  proportion  of 
the  mining  industry  of  the  state  is  coal  mining. 

Professor  Stoek:  The  proportion  is  the  bulk  of  it,  the  coal 
output  being  approximately  60,000.000  tons.  I  have  not  the  exact 
figures  for  last  year,  but  Mr.  De  Wolf  possibly  may  have  them. 

Mr.  De  Wolf:  The  figures  are  not  available  yet.  In  1912, 
however,  the  value  of  the  coal  production  was  $70,294,338,  and  the 
total  for  the  State,  exclusive  of  pig  iron,  was  $123,068,867.  Thus, 
the  value  of  coal  production  was  56%  of  the  total. 

President  Lee:  I  suppose,  professor.,  that  the  bulk  of  the  actual 
mining  operations,  that  is  to  say,  the  shafts  and  drifts  and  tunnel 
work,  is  in  coal  mining? 

Professor  Stoek:    Yes. 

President  Lee:  Of  course,  the  building  material  mines  are 
open  work? 

Mr.  Stoek:  Very  largely.  The  fluorspar  mines  in  southern 
Illinois  are  both  underground  mines,  and  open  work. 

President  Lee:    We  shall  be  very  glad  to  hear  from  Mr.  Allen. 

Andrezvs  Allen,  m.w.s.e.  :  I  did  not  intend  to  talk  this  evening, 
but  I  cannot  refrain  from  saying  that  I  enjoyed  Professor  Stoek's 
paper  very  much  indeed.  I  think  it  is  a  notable  contribution  to  our 
literature  on  the  mining  industry. 

I  have  always  believed  that  one  of  the  principal  departments  of 
a  State  University  should  be  the  experiment  station  where  the 
materials  and  processes  of  the  various  industries  can  be  investigated 
by  laboratory  methods  and  the  results  published  for  the  benefit  of 
all  the  people.  There  is  no  limit  to  the  usefulness  of  such  a  labora- 
tory and  in  the  mining  field  the  need  is  especially  great.  I  am  very 
glad  that  the  State  of  Illinois  has  inaugurated  this  work  under  such 
able  direction,  and  wish  to  congratulate  the  University  and  Profes.sor 
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Stock  on  the  bcs^nnnins^-  already  made,  wliieh  augurs  so  well  for  the 
ttitiire  of  the  mining  industry. 

Samuel  T.  Smeffcrs,  m.  w.  s.  e.  :  I  would  ask  Professor  Stoek 
how  these  data  are  being  gathered, — if  they  are  being  coUeeted  by 
asking  contributions  from  different  mine  owners  or  operators  or  if 
somebody  is  individually  looking  after  the  data  to  see  if  they  are 
really  what  they  want  and  trustworthy.  I  question  very  much  data 
that  are  sent  in  by  request  from  mine  owners,  as  1  know  the  descrip- 
tion that  I  read  of  one  mine  down  near  Springfield  might  just  as  well 
be  a  description  of  any  other  mine,  because  it  does  not  correspond. 
The  de])th  of  vein,  the  shale  roof,  ever3'thing  was  wTong.  That  was 
in  a  publication  in  a  scientific  paper  for  the  sale  of  a  mine. 

Professor  Stoek:  These  data  are  being  gathered  entirely  by 
men  in  our  own  employ,  and  we  are  not  sending  out  data  sheets 
and  asking  that  they  be  filled  in.  as  such  data  are  uncertain ;  for 
even  where  the  intentions  are  the  best  you  do  not  always  get  accurate 
data,  as  any  one  wlio  has  tried  t(j  gather  statistics  knows.  In  the 
first  place,  a  considerable  amount  of  thought  was  given  by  the  rep- 
resentatives of  the  three  parties  co-operating  in  the  prei)aration  of 
elaborate  data  sheets.  Each  one  prepared  a  sheet  and  then  they 
were  combined  and  were  discussed  and  all  the  questions  we  could 
possibly  think  of  were  put  down  there,  so  that  the  amount  and  kind 
of  data  were  not  left  to  the  volition  of  any  one  person.  The  infor- 
mation has  been  obtained  by  members  of  our  own  staff  or  those  who 
have  been  em])lo}'e(l  by  us  during  the  summer  months,  and  it  has 
been  gathered  in  many  cases  directly  from  the  books  of  the  operat- 
ing com])anies.  Many  of  the  measurements  have  been  taken  right 
in  the  mines  themselves.  Every  mine  has  been  visited.  It  has  not 
been  taken  by  hearsa\-.  So  that,  as  far  as  we  are  able  to  do  it.  it 
is  accurate. 

President  Lee:  1  think  those  of  us  who  are  not  intimately 
acquainted  with  the  mining  industry  in  Illinois,  have  been  more  or 
less  astonished  at  its  size  as  expressed  in  dollars,  and  even  those  of 
us  who  ought  to  know  arc  rather  astonished  that  the  coal  mining  in- 
dustry in  Illinois  is  of  such  great  proportions.  The  work  that  has 
been  outlined  by  the  professor  seems  to  me  to  be  typical  of  work  that 
is  being  done  by  a  great  many  other  great  state  universities  in  this 
country.  It  is  more  or  less  of  modern  development,  but  it  is  ex- 
ceptionally valuable  because  it  deals  in  ])ractical  methods,  in  things 
that  the  practical  man  must  know.  The  rescue  work  in  connection 
with  the  laboratory  work,  the  laboratory  work  which  brings  <nit  the 
practical  details  of  mining. — I  do  not  know  whether  the  professor 
would  like  to  have  me  mention  it  in  the  .same  breath, — the  agricul- 
tural work,  and  all  these  things  done  by  tluvdifferent  universities, 
are  adding  tremendously  to  the  wealth  of  the  country  and  to  the 
knowledge  of  the  men  who  must  in  the  future  make  the  country. 

1  feel  sure  that  T  am  expressing  the  opinion  of  the  meeting 
when  1  thank  the  professor,  one  of  our  member>.  for  bis  goodness  in 
coming  here  tn  ad<lress  us  tonight. 
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F.  G.  Gasche,  M.  E. 

Presented  April  2j,  1(^14,  at  a  joint  meeting  of  the  ILlectrieal  Sec- 
tion, W.  S.  E.,  and  Chicago  Section,  A.  I.  E.  E. 

To  the  request  of  your  Secretary  for  an  informal  address  on 
this  occasion,  I  assented,  with  some  temerity,  having  in  mind  the 
limited  time  for  preparation,  and  chiefly  my  aversion  to  statements 
less  complete  than  the  embodiment  of  a  carefully  prepared  paper. 
Appropriate  topics  are  many,  and  in  some  ways  there  is  an  abun- 
dance of  material,  provided  there  is  opportunity  for  a  rigid  analysis. 
While  the  exhaustive  treatment  of  a  technical  problem  cannot  be 
ignored  when  exact  dimensional  relations  become  important,  a 
maze  of  technicalities  has  proved  a  most  deceptive  instrument  in 
the  hands  of  promoters  for  the  attempted  controversion  of  the  dic- 
tates of  simple  logic  and  common  sense. 

The  subject  I  have  selected  for  consideration  is  one  which  is 
now  agitating  engineers  and  others  in  the  steel  industry  in  view  of 
the  wide  discrepancy  between  actual  performances  and  the  alleged 
ix)ssibilities,  viz.,  the  blast  furnace  gas  engine  in  connection  with 
an  A.  C.  generator. 

I  am  not  unmindful  of  the  fact  that  hypnotic  optimism  receives 
the  popular  accord  while  a  pessimistic  attitude,  like  an  impending 
surgical  operation,  excites  unpleasant  premonitions  if  not  ingenious 
hostility.  It  may  be  that  a  major  operation  may  save  the  life  of  a 
patient,  and  now  that  we  begin  to  understand  the  symptoms  we  may 
with  true  optimism  hope  for  some  rehabilitation  of  the  sick  gas 
engine  plants. 

I  have  no  hesitation  in  saying  that  the  "case  for  the  prosecu- 
tion'' is  not  yet  ready  for  presentation,  chiefly  in  the  analysis  of 
certain  elements  of  cost. 

As  a  synopsis  of  the  general  information  and  statements  bear- 
ing on  the  subject,  I  would  propose  three  sub-divisions,  the  present 
consideration  of  which  involves  no  technical  prolixities.     They  are : 

1st — The  laws  of  thermodynamics. 

2nd — The  direct  commercial  problem. 

3rd — The  serviceability  of  the  equipment. 

So  much  has  been  said  discordantly  in  recent  years  concerning 
thermodynamic  efficiency  of  prime  movers  that  a  return  to  first  prin- 
ciples works  a  renewal  of  faith.  Among  other  things  we  know 
that  the  limit  of  thermodynamic  efficiency  is  expressed  by  the  diflfer- 
ence  of  the  initial  and  final  temperatures  of  the  working  fluid 
divided  by  the  initial  absolute  temperature  of  the  same.  In  the  en- 
tire domain  of  prime  movers  there  is  available  a  temperature  range 
of  3000  deg.  F.  approximately.  The  conversion  of  heat  into  work 
throughout  this  range  of  temperature  in  any  one  prime  mover  is 
physically  impossible. 
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I'roni  this  ratio-  it  is  seen  that  an  increased  thermodynamic 
efficiency  may  be  obtained  either  by  raising  the  initial  temperature 
or  lowering  the  final  temperature  or  both.  The  lower  limit  of  tem- 
perature, for  the  average  steam  turbine  practice,  will  be  approxi- 
mately 80  deg.  F.  The  exhaust  from  gas  engines  is  rarely  under 
1000  deg.  F.,  notwithstanding  the  enormous  water  cooling  eflFect 
applied  to  cylinders,  ports  and  valves,  but  the  final  temperature  of 
expansion,  as  the  incident  of  conversion  of  heat  into  work  by  ex- 
pansive use  of  the  gas,  can  seldom  be  less  than  1200  deg.  F,  The 
limit  of  thermodynamic  efficiency  of  this  type  of  prime  mover,  and 
which  cannot  be  approached  by  a  wide  margin,  is 

3000—1200 

100 =  52% 

3460 

Modern  steam  turbines  of  suitable  design  and  capacity  may  be 
very  successfully  operated  with  initial  steam  temperatures  of  700 
deg.  F.  which,  with  the  condenser  temperature  of  80  deg.  F.,  gives 
a  maximum  thermodynamic  efficiency  of 

700—80 

100 =  53.5% 

1160 

This  cannot  be  approached  on  account  of  practical  limitations. 

It  will  be  noticed  that  the  temperature  range  for  the  gas  engine 
is  incapable  of  material  extension  without  the  induls^ence  of  expan- 
sions and  cylinder  dimensions  already  prohibitive  because  of  me- 
chanical and  commercial  limitations.  Consequently,  no  material  im- 
provement of  inherent  thermodynamic  efficiency  is  a  possibility  for 
the  gas  engine.  On  the  other  hand,  there  is  a  wide  gap  in  the  tem- 
perature range  (700  deg.  to  1200  deg.),  not  at  present  utilizable  by 
any  type  of  prime  mover,  and  which  is  the  exclusive  prerogative 
of  the  turbine  if  we  speculate  on  the  tendencies  of  design. 

The  substance  of  the  statement  of  the  theoretical  limits  of 
efficiency  was  embodied  in  the  original  announcement  of  Carnot 
that  "the  thermodynamic  efficiency  of  a  perfect  heat  engine  is  inde- 
])endent  of  the  nature  of  the  workng  fluid,"  and  becomes  anything 
l)ut  platitudinous  when  we  are  confronted  with  the  ingenious  inter- 
pretations of  gas  engine  advocates.  During  the  early  days  of  gas 
engine  hysteria,  much  emphasis  was  placed  on  the  assertion  that 
with  the  new  type  of  prime  mover  no  steam  boilers  would  be  re- 
quired. But  the  enormous  jacket  water  heat  losses  were  unpopular 
as  a  subject  of  comment.  Much  stress  was  laid  on  the  high  initial 
temperatures  of  working  fluid  to  which  the  gas  engine  would  be 
devoted,  but  no  sacrilegious  comment  cm  prol)al)le  high  temperatures 
of  exhaust  could  be  indulged.  Many  wise  dissertations  appeared 
concerning  "use  factor",  "load  factor"  and  "efficiency"  without  a 
suggestion  of  the  hospital  records  of  sick  gas  engines,  and  the  long 
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periods  of  convalescence  after  an  "exhibition"  run.  Nor  was  there 
a  suspicion  of  the  disastrous  effects  on  every  other  prime  mover 
by  the  injection  of  the  hit  or  miss,  impactive,  threshing  influence 
on  a  whole  power  circuit  in  the  name  of  an  exponent  of  high  ther- 
mal efficiency.  After  all  this,  we  come  to  the  items  of  sole  concern 
with  reference  to  any  type  of  power  plant,  i.  e.,  the  realisable  result 
in  dollars  for  service  rendered. 

Let  us  compare  the  actual  performance  of  blast  furnace  gas 
engines  driving  A.  C.  generators  with  the  actual  performance  of 
turbine  driven  units.  I  have  personal  knowledge  of  the  performance 
of  four  2000  kw.  gas  engines  operating  for  a  period  of  three 
months  with  the  most  favorable  conditions  for  a  constant  and  rated 
load.  Meanwhile,  all  of  the  peak  loads  and  variations  were  as- 
sumed by  a  large  turbine  in  the  vicinity.  All  the  fuel  gas  was  meas- 
ured by  a  large  Venturi  meter.  Statements  of  the  thermodynamic 
efficiency  of  larger  installations  have  been  uniformly  pure  fancies 
of  interpretation  in  the  absence  of  any  means  for  measuring  the 
aggregate  gas  supply.  The  coefficient  of  flow  of  this  Venturi  meter 
is  known  within  1%  error.  Under  such  circumstances  the  energy 
at  the  switchboard  was  19.2%  of  the  energy  supply  of  the  gas. 

A  recent  publication  (Stahl  und  Eisen,  No.  51,  1913)  shows  an 
over-all  thermal  efficiency  of  boilers,  turbines  and  generators  of 
13.63%  with  long  continued  service  and  extremely  variable  loads. 
With  conditions  of  load  as  favorable  as  that  recited  for  the  gas 
engine  plant,  the  over-all  thermal  efficiency  would  be  at  least  14.5%. 
On  the  basis  of  19.2%  and  14%  the  relative  fuel  demands  of  gas 
engines  and  turbines  for  steel  mill  loads  would  stand  approximately 

14  1 

in  the  ratio  of = ,  i.  e.,  the  steam  turbine  vVould  re- 

19.2        1.372 

quire  37%  more  fuel  for  the  same  output.  Whether  this  quantity 
is  more  or  less  a  deliberate  examination  of  the  contemporaneous 
performances  of  different  types  of  plants,  or  of  their  relation  even 
ten  years  ago,  will  show  that  the  extravagant  claims  concerning  the 
fuel  savings  by  gas  engines  were  never  justified.  The  statement 
was  made,  about  the  time  of  the  installation  of  the  larger  gas  engine 
plants,  that  the  turbine  would  use  at  least  2^  times  the  fuel  re- 
quired by  the  latter,  and  it  is  esteemed  a  condescension  today  by 
the  exponents  of  gas  engines  to  assert  that  the  ratio  is  at  least  2 
to  1. 

Leaving  the  thermodynamic  aspects  of  the  case  for  the  mo- 
ment, we  will  consider  the  direct  commercial  problem  of  invest- 
ments. This  is  indeed  contemporaneous,  since  some  improvement 
in  both  gas  engines  and  steam  turbines  is  to  be  expected.  A  prom- 
ising development  of  the  former  consists  in  the  so-called  scavenging 
process,  being  essentially  of  the  more  complete  removal  of  burnt 
gases  by  an  injection  of  air  into  the  gas  cylinders  previous  to  the 
entry  of  the  explosive  charge.     The  rapid  advances  in  the  use  of 
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high  pressures  and  high  superheating  of  steam  is  responsible  for 
turbine  performances  which  promise  thermal  efficiencies  fully  as 
high  as  the  best  performance  of  gas  engines.  Steam  boilers  and 
their  equipment  are  receiving  a  concentration  of  attention,  such  that 
the  attainable  performances  of  gas  producers  will  be  permanently 
surpassed. 

Attempts  have  been  made  to  increase  the  capacity  of  gas  en- 
gines by  the  indulgence  of  very  high  piston  speeds,  and  thereby 
ostensibly  decrease  the  unit  cost.  The  inertia  stresses  on  large  gas 
engines  are  already  of  the  order  where  "poor  inanimate  material 
shrieks  with  pain"  and  any  propositions  for  their  increase  in  this 
manner  will  undoubtedly  meet  sufficient  o])position  to  prevent  their 
perpetration.  Finally,  it  remains  to  be  announced  that  any  Ameri- 
can gas  engine  builders  ever  filled  an  order  for  blast  furnace  gas 
engines  at  a  profit.  Taking  the  records  of  the  past  as  some  indica- 
tion of  the  prices  that  may  be  demanded  in  the  future,  and  with 
the  additional  consideration  that  the  overload  capacity  of  the  gas 
engine  is  limited  to  about  2?'/i  ,  we  may  summarize  the  investment 
situation  as  follows : 

A  steel  mill  power  plant  of  gas  engines  will  require  such  an 
installation  adequate  for  all  peak  loads  that  the  cost  per  kilowatt, 
based  on  average  mill  load,  will  be  at  least  $100.00.  Turbine  installa- 
tions for  the  same  character  of  mill  load,  and  adequate  for  all  peak 
loads,  will  cost  not  more  than  $55.00.  The  relative  fixed  charges  will. 

55  1 

therefore,  be  in  tlic  ratio  of = .      Taking  the  cost  of 

100  1.82 

fuel  for  the  steam  turbine  plant  at  $0,003  i)er  kw.-hr..  and  a  ()000 
hour  service  per  annum,  the  fuel  cost  would  be  as  follows : 

Steam  Turbines    $18.00 

Gas  Engines   L^.IO 

Difference  in  favor  of  gas  engines,  $4.90  i)cr  kw.  per  annum. 

Taking  the  fixed  charges  of  both  ]>lants  at  15',.  the  animal 
charge  per  kilowatt  would  be : 

For  Steam  Turbines   S  S.25 

For  Gas  Engines    Ir.OO 

Difference  in  favor  of  turbines $  6.75 

The  advantage  of  the  turljine  plant  (?\er  the  gas  engine  i)lant. 
considering  simply  fuel  demands  and  fixed  charges,  amounts  to 
$1.85  per  kw.,  per  annum.  A  consideration  of  operative  expense, 
supplies,  etc.,  will  further  widen  the  gap  between  turbines  and  blast 
furnace  gas  engines  to  the  advantage  of  the  former. 

The  iron  and  steel  business  has  been  called  the  "I'aromcter  of 
Trade"  with  the  im])lication  that  periods  of  depression  and  good 
limes  alternate.     .\  power  plant  c(|uipment  sufficient  for  the  maxi- 
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mum  demands  of  business  must  of  necessity  exhibit  a  number  of 
idle  prime  movers  in  periods  of  depression.  Leaving  aside  the 
reasonable  provision  of  spare  units  for  repairs  and  maintenance 
conditions,  it  is  manifest  that  a  type  of  prime  movers  requiring  a 
heavy  investment  constitutes  a  serious  encumbrance  to  the  business 
during  times  of  depression,  because  of  the  heavy  fixed  charges.  A 
power  plant  having  an  additional  investment  of  $1,000,000  over  the 
requirements  of  another  type  of  equipment  will  cause  a  loss  at  the 
rate  of  approximately  $150,000  per  annum.  Periods  of  business 
depression  can  easily  be  encumbered  with  interest  losses  which,  in 
the  aggregate,  would  buy  much  of  the  fuel  required  by  steam  equip- 
ment during  prosperous  times.  But  the  investment  loss  thus  shown 
is  not  the  most  conclusive  indictment  of  the  blast  furnace  gas  en- 
gine, as  such  might  be  indulged  if  there  were  any  compensating 
advantages.    This  leads  to  the  questions  of  service  of  the  equipment. 

If  infatuation  for  the  supposed  thermal  advantages  of  the  gas 
engine  had  not  disarmed  all  discretion,  we  would  not  have  the  array 
of  incongruities  now  displayed  in  the  attachment  of  a  four-cycle  gas 
engine — even  the  four-cylinder,  double-acting  type,  to  an  A.  C.  gen- 
erator. This  service  by  all  industrial  and  commercial  considerations 
should  give  emphasis  to  uniformity  of  speed,  momentary  as  well  as 
for  average  conditions.  Take  an  engine  operating  at  83  r.p.m.  with 
the  four-cycle  action.  One  stroke  in  four  is  effective,  and  the  three 
preceding,  representing  a  time  lag  of  2.7  seconds,  must  attend  any 
attempted  readjustment  of  valve  gear  to  suit  a  change  of  load,  as- 
suming an  instantaneous  movement  of  a  governor.  The  movement 
of  a  governor  throughout  its  range  can  scarcely  occur  in  less  than 
half  a  second,  such  that  with  perfect  adjustment  and  design  of  the 
gas  engine  as  a  whole  it  cannot  respond  to  a  change  of  load  beyond 
the  small  capacity  of  a  flywheel  in  less  than  three  seconds. 

I  will  anticipate  the  thought  that  perhaps  the  multiplicity  of 
cylinders  and  cranks  giving  an  impulse  twice  for  each  stroke 
would  alleviate  this  trouble.  Bear  in  mind  that  I  am  referring  to 
changes  of  load,  at  which  time  all  cylinders  are  subject  to  the  same 
time  lag  due  to  the  four-cycle  action.  The  significance  of  this  time 
lag  will  be  apparent  to  the  electrical  engineer  when  the  character  of 
load  imposed  on  a  steel  mill  power  plant  is  realized.  An  installa- 
tion of  any  magnitude  would,  ostensibly,  contemplate  service  to 
motor-driven  rolling  mills  possessing  peak  load  characteristics  the 
severity  of  which  is  without  precedent  or  duplication  in  any  other 
industrial   application   of   electric   power.      Single   operations   on   a 

troll  train  may  require  energy  delivered  at  a  rate  of  8,000  h.p.  for 
three  seconds  or  less.  A  multiplicity  of  motor-driven  mills  may, 
by  nonsynchronous  operations,  minimize  the  time  and  magnitude  of 
peak  load  requirements  on  the  power  plant.  But,  unfortunately, 
there  is  nothing  to  prevent  the  superposing  of  peak  loads  on  the 
power  plant  and  in  very  short  intervals  of  time.  Under  such  cir- 
cumstances the  time  lag  characteristic  of  the  four-cycle  gas  engine 
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renders  it  incapable  of  maintenance  of  reasonable  uniformity  of 
speed,  and  there  results  disastrous  eflfects  on  the  whole  electric 
power  system. 

It  may  be  enquired,  why  not  provide  sufficient  flywheel  effect 
on  the  gas  engines?  An  answer  to  this  will  appear  in  what  follows, 
and  for  the  moment  the  statement  will  be  made  that  the  peak  loads 
in  such  a  plant  could  be  sustained  by  energy  from  flywheels  for 
about  one  second,  after  which  additional  effort  is  required  of  the  gas 
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engine  and  probably  beyond  the  capacity  of  any  practicable  number 
of  power  units. 

We  are  accustomed  to  viewing  the  crank  effort  diagram  of 
steam  engines  with  more  or  less  deviation  from  an  average  value,  all 
of  which  are  properly  provided  for  in  a  suitably  large  flywheel,  hi 
the  four-cycle,  double-tandem  and  (|uarter-crank  blast  furnace  gas 
engine  operating  with  a  constant  load  on  the  generator  and   with 
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equal  and  practically  perfect  gas  distribution  on  both  sides  of  each 
piston,  the  crank  effort  diagram,  Figs.  1  and  2,  shows  the  following 
remarkable  form  as  developed  from  ideal  indicator  diagrams,  Fig.  3. 
We  must  now  apply  the  following  qualification:  The  ideal 
crank  efifort  diagram,  as  thus  developed,  is  seriously  distorted  in  any 
actual  gas  engine  of  this  type  because  of  the  inability  of  the  engine 
to  produce  such  indicator  cards  at  any  one  cylinder,  or  of  main- 
taining equality  of  piston  effort  throughout  the  engine.  The  devia- 
tions from  such  indicator  cards  under  "man  power"  regulation  is 
truly  startling  in  the  absence  of  any  possibility  of  automatic  regula- 
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tion  with  change  of  load.  There  are  four  large  torque  values  and 
two  minimum  values  which  are  less  than  zero.  In  other  words, 
the  ideal  adjustment  of  the  ideally  perfect  construction  still  imposes 
that  twice  in  each  revolution  the  flywheel  must  drag  the  crank  and 
reciprocating  parts,  and  at  the  same  time  carry  the  load  on  the 
engine. 

Flywheels  of  suitable  capacity  to  accomplish  these  extraor- 
dinary results  must  be  so  large  that  the  structures  are  physically  and 
commercially  preposterous,  since  they  cannot  be  selected  alone  from 

I^K  consideration  of  inertia  effects.  In  all  cases,  prior  consideration 
^H  must  be  given  to  the  natural  and  forced  frequencies  of  the  gas  engine 
^B  '  and  generator  combined,  such  that  the  natural  periods  of  oscillation 
^H  of  the  wheels  do  not  lead  to  resonance  effects. 
■ 
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The  mechanical  efficiency  of  the  double  tandem  gas  engine  at 
fractional  loads  has  proved  a  disappointment,  while  even  for  full 
load  it  is  seldom  as  high  as  85%.  The  enormous  friction  loss 
has  a  very  serious  effect  at  fractional  loads  such  that  a  load  factor  of 
70y,  will,  in  all  probability,  be  attended  by  an'  over-all  thermal 
efficiency  not  exceeding  16%   for  the  plant. 

There  is  now  an  opportunity  for  the  optimism  with  which  the 
engineer  should  approach  such  a  discouraging  outlook.  The  "leg- 
acy" of  the  gas  engine  installations  is  on  hand  with  the  one  fortunate 
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circumstance  that  they  are  not  of  suflicicnt  capacity  for  the  plants 
which  they  serve.  Additional  equipment  of  gas  engines  will  not 
correct  inherent  defects  of  the  type  of  ])rime  mover,  l)ut  a  suitable 
addition  of  steam  turbine  equipment  will  minimize  their  influence. 

In  practically  every  steel  plant  of  the  magnitude  where  gas 
engines  became  a  habit  there  are  immense  quantities  of  heat  from 
open  hearth  furnaces,  heating  furnaces,  etc.,  which  can  be  effectively 
applied  to  steam  generation.  Delivery  of  this  to  steam  turbines  of 
a  suital)le  ty])e  will  favor  the  production  of  enough  electrical  energy 
to  rehabilitate  the  power  plant  service. 


Discrssio.N. 

D.  //'.  Ro^cr,  .M.  w.  .s.  i:.  (Chairman)  :  Tlie  paper  of  the  even- 
ing is  on  the  subject  'ToWF.R  TRom.KM.^  I.\  TIIK  StKKL  Rl'SINF.SS." 
Many  years  ago  when  I  was  in  college  we  used  to  he  entcrtaiticd 
with  the  steam  engineering  problems  in  the  steel  business,  and  we 
were  led  to  believe  that  the  demands  of  the  steel  business  had  been 
so  severe  that  it  required  special  designs  of  engines  and  other  ma- 
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chinery  for  the  purpose,  which  was  racHcally  different  in  very  many 
respects  from  machinery  to  run  a  tlour  mill,  for  instance.  Perhaps 
one  of  the  reasons  that  the  electrical  men  did  not  go  into  the  steel 
business  for  so  many  years  was  because  of  the  fear  that  the  demands 
were  so  severe  that  some  people  thought  it  took  an  engine  to  run 
the  mills  in  place  of  a  motor.  Pefhaps,  too,  it  was  due  as  much  to 
lack  of  development  of  the  engineers  as  it  was  to  lack  of  develop- 
ment in  the  engineering  appliances. 

The  author  has  given  us  a  very  forceful  statement  of  some  of 
the  difficulties  to  be  encountered,  and  some  interesting  information 
about  gas  engines  and  steam  turbines.  The  subject  is  now  open  for 
discussion,  and  it  is  hoped  that  some  interesting  points  will  be 
brought  out. 

IVm.  B.  Jackson,  m.  w.  s.  e.  :  Unfortunately  I  cannot  start  any 
controversy  on  this  matter.  Although  I  have  not  had  occasion  to 
figure  on  gas  engine  installations  of  such  large  capacity  as  those  to 
which  the  author  evidently  refers,  yet  where  I  have  figured  on  gas 
engine  installations,  I  have  not  been  able  to  convince  myself  that 
under  present  development  I  could  with  propriety  advise  the  instal- 
lation of  gas  engines  with  their  associated  equipment  as  against 
steam  prime  movers  and  boilers. 

I  believe,  however,  that  the  development  of  the  gas  engine, 
which  is  only  in  its  m fancy  at  the  present  time,  is  well  worth  whil^, 
even  though  it  may  be  causing  trouble  for  some  of  our  steel  mill 
operators.  It  seems  that  it  is  one  step  toward  the  great  improve- 
ment that  must  be  expected  in  the  conversion  of  heat  into  mechani- 
cal energy,  and  although  it  may  not  be  in  the  direct  line  in  which 
the  solution  of  this  problem  will  occur,  yet  it  provides  a  second  line 
along  which  endeavor  is  being  made  toward  improving  the  efficiency 
of  such  conversion.  I  am  firmly  convinced  that  the  day  must  come, 
and  not  in  unnumbered  generations,  when,  instead  of  transforming 
from  3%  to  22'/(  of  the  energy  of  fuel  into  mechanical  energy  we 
will  have  this  ratio  of  transformation  fairly  com]:)arable  with  the 
ratio  that  we  now  have  for  the  conversion  of  energy  from  the  shaft 
into  electricity.  Consequently,  although  I  have  not  been  able  to  be 
a  gas  engine  enthusiast  under  the  conditions  of  present  development, 
yet  the  development  does  lielp  toward  the  development  of  some  effi- 
cient means  of  changing  power  in  the  fuel  to  power  on  our  electric 
transmission  lines  and  distribution  circuits. 

H.  H.  Wait,  MEM.  A.  I.  E.  E. :  The  author  made  some  allusion 
to  the  possibility  of  improving  the  efficiency  of  turbine  installations 
by  means  of  raising  the  temperature,  and  other  limits  in  boilers.  I 
would  like  to  know  what  he. considers  the  possibilities  along  those 
lines.  He  probably  has  exceptional  opportunities  to  look  into  the 
developments  of  the  future. 

Tlie  Author:  T  don't  know  that  very  much  can  be  said  in  an 
attempt  to  reply  to  Mr.  Wait,  except  that  the  possibilities  in  the  way 
of  steam  temperatures  are  suggested  1)y  the  practice  of  some  of  our 
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German  friends  who  employ  temperatures  about  700  deg.  F.  It  re- 
quires special  preparation  for  i)ro])er  superheating,  and  perhaps  even 
s]jecial  ecjuipmenis,  and  is  a  promising  method  of  accomplishing  re- 
sults in  tlie  near  future.  If  we  can  hope  for  boilers  that  will  give 
aggregate  steam  temperatures  in  the  neighboriiood  of  1,000  deg.  F., 
we  will  have  thermal  efficiencies  which  will  deliver  us  for  all  time 
from  the  further  consideration  of  reciprocating  prime  movers. 

Mr.  Wait:  The  author  made  an  allusion  to  the  fact  that  spare 
units  are  required  in  a  gas  engine  plant.  I  would  like  to  know  what 
the  results  in  actual  practice  in  the  i)lants  he  is  familiar  with  would 
lead  one  to  expect  as  the  desirable  spare  capacity  to  allow  in  large 
gas  engine  plants. 

The  Author:  Mr.  Chairman,  with  your  indulgence  I  will  give 
a  rather  evasive  answer  to  the  question  because  I  am  frank  to  say 
I  cannot  answer  it  directly. 

There  arc  no  steel  plants  in  this  country  (and,  I  may  safely 
say,  abroad),  where  there  is  enough  known  at  i)resent,  with  refer- 
ence to  the  actual  character  of  the  i)eak  loads  imposed  upon  the 
jx)wer  plants  by  virtue  of  the  demands  in  the  steel  mills  to  enable  one 
to  predict  what  is  a  suitable  equipment  in  gas  engines.  I  have  taken 
the  position  that  no  amount  of  addition  of  spare  units  in  the  way 
of  gas  engines  with  their  prevailing  defects  as  a  type  of  prime  mover 
is  adequate  to  meet  all  the  peak  loads  such  as  are  imposed  by  certain 
t>pes  of  mills.     It  is  not  a  c|uestion  of  capacity. 

Now,  a  little  more  directly  on  the  equipment  of  gas  engines  such 
as  was  thought  to  be  adequate  for  the  mill  demands.  I  would  pre- 
sume to  place  a  little  confidence  in  the  estimates  that  aljout  30% 
of  the  gas  engine  equipment  added  in  the  way  of  turbines  possibly 
would  carry  those  ])eak  loads 

Taliaferro  Milton,  m.  w.  s.  e.  :  I  do  not  i)retend  to  be  a  gas 
engine  expert  or  a  steam  engine  expert,  but  some  of  the  figures  given 
by  the  author  have  interested  me  very  much.  I  am  not  holding  a  iM-ief 
for  the  gas  engine  or  the  steam  engine.  I  notice  that  the  author  states 
the  gas  engine  is  good  for  an  overload  of  only  25'/  .  He  also  drew 
.some  comparisons  between  the  first  cost  per  kilowatt  of  the  gas  en- 
gine and  the  steam  engine,  basing  the  kilowatt  on  the  maximum 
peak  demand.  He  made  a  point  of  the  idle  gas  engines  due  to  the 
fact  that  it  is  necessary  to  ]nit  in  enough  gas  engines  to  meet  the 
luaximum  peak  demand.  I  notice  that  the  gas  engine  governors 
are  good  for  a  half  second  and  ilywhcels  for  throe  seconds.  I  could 
not  (juite  comprehend  from  the  author's  statements — because  I  know 
very  little  about  gas  engines — what  a  gas  engine  is  good  for  under  a 
steady  load.  lUit  I  do  kno\y  this,  that  in  one  of  the  biggest  steel 
])lants,  if  not  the  biggest,  in  this  country  (where  there  are  very 
nearly  a  quarter  of  a  mile  of  gas  engines  in  a  row),  there  is  a  gov- 
ernor that  is  not  a  flywheel ;  it  is  a  storage  battery  discharging  at 
approximately  250  volts.  I  have  watched  the  storage  battery  am- 
nu'ter  needle,  and  I  have  seen  a  change  from  20,0CH)  aiuperes  dis- 
i  barge  to  13.000  amperes  charge  consi<U"ral)lv  witliin  three  secontls. 
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And  I  understand  from  the  operator  of  that  steel  mill  that  the  gas 
engine  is  giving  very  good  service.  They  have  not  enough  storage 
batteries.  At  present  they  do  have  to  put  in  more  gas  engines,  and 
liold  a  lot  in  reserve,  and  get  them  into  service  quickly.  I  believe 
this  w^ould  not  be  necessary  if  they  had  sufficient  battery,  as  it  would 
take  care  of  the  fluctuations  inside  of  a  tenth  of  a  second. 

I  wish  I  had  here  tonight  some  indicator  cards  taken  on  an  en- 
gine carrying  a  load  in  another  steel  mill ; — one  card,  where  the  en- 
gine is  taking  the  total  load  with  the  fluctuations  and  without  the 
battery,  and  another  card  from  the  same  engine  but  with  the  battery 
on  the  circuit.    They  would  show  very  interestingly  the  point  raised. 

The  author  spoke  of  not  having  sufficient  peak  load  records 
to  determine  what  percentage  of  gas  engines  should  be  held  in  re- 
serve, or  what  is  the  relation  between  the  necessary  amount  of  gas 
engines  and  steam  engines.  I  understand  that  in  one  of  the  mills  I 
am  thinking  of,  they  are  now  taking  very  complete  records.  I 
would  like  to  hear  what  the  author  thinks  of  the  characteristics  of 
the  gas  engine  on  a  perfectly  steady  load. 

The  Author:  I  did  not  realize  that  I  was  instigating  so  many 
thoughts  with  reference  to  this  subject,  and  I  am  not  provided  with 
experimental  data,  which  would  have  been  available  with  a  little 
more  time  for  preparation.  However,  I  will  try  to  make  some  ex- 
planation with  regard  to  storage  batteries. 

If  one  could  find,  in  the  environment  of  steel  plants,  anything 
that  had  the  identity  of  an  approach  to  a  uniform  load,  many  of 
these  troubles  would  disappear.  If  we  even  could  prescribe  the 
time  when  peak  loads  would  come  upon  a  power  plant,  and,  going 
further,  say  how  long  a  peak  load  should  continue,  we  could  easify 
adapt  power  equipment  to  the  load  by  putting  one  or  more  units  in 
service. 

With  such  loads  as  develop  in  steel  mill  practice,  and  chiefly 
those  due  to  very  large  motor-driven  mills,  there  is  hardly  a  con- 
ceivable response  of  the  gas  engine  to  the  instantaneous  application 
to  loads  and  their  removal.  And  it  requires  but  little  more  than  a 
consideration  of  the  dynamics  of  the  gas  engine,  and  of  other  mat- 
ters involved  in  this  question, — like  this  crank  effort  diagram — 
to  lead  me  to  think,  from  my  very  superficial  knowledge  of  storage 
batteries,  that  it  would  be  exceedingly  embarrassing  as  a  device  when 
we  come  to  look  upon  the  efficiency  of  the  storage  of  energy  and  its 
re-storage.  We  will  have  instantaneous  load  applications  arid  their 
removal,  and  it  becomes  inconceivable  that  any  storage  battery  would 
remove  all  our  troubles,  not  that  I  would  wish  to  say  anything  dis- 
respectful of  the  storage  battery.  I  believe  it  is  valuable  chiefly  in 
Leases  where  the  load  can  be  more  or  less  prescribed.  In  the  case 
of  steel  mill  loads  particularly,  and  as  received  from  motor-driven 
roll  trains,  we  must  have  some  other  device  for  meeting  these  load 
variations  than  dependence  upon  a  storage  battery  alone. 
Mr.  Roper:  A  few  minutes  ago  the  author  made  the  estimate 
May,  1914 
I 


498  DiscKSsioii — Poii'cr  Prublcins  in  the  Steel  Business. 

— we  will  call  it — that  about  30%  of  the  cajjacity  in  gas  engines 
added  in  the  form  of  steam  turbines  would  improve  the  situation. 
The  Chair  would  like  to  inquire  from  the  author  if  he  means  by 
this  that  the  addition  of  30/V  of  steam  turbine  capacity  with  a  quickly 
regulating  governor  would  give  the  gas  engine  a  fairly  uniform 
load  ? 

The  Author:  I  was  perhaps  a  little  indefinite  in  my  statements. 
If  a  new  plant  were  to  be  designed,  and  it  was  fu.Uy  insisted  uix)n 
to  utilize  such  of  the  advantages  as  are  resident  in  the  gas  engine, 
namely  its  high  thermal  efificiency  with  favorable  loads,  I  would 
say,  in  the  light  of  such  data  as  are  on  record  with  reference  to  mill 
loads,  that  it  would  be  proper  to  put  in  70%  gas  engines  and  30% 
turbines  of  suitable  units.  That  is  not  the  result  of  an  exact  study 
of  a  proposed  new  installation,  but  it  seems  to  be  the  evidence  of  a 
study  for  some  years  with  reference  to  just  such  a  character  of  prob- 
lem. 

E.  IV.  Allen,  M.  w.  s.  E. :  It  is  a  great  pleasure  to  me  to  listen 
to  a  paper  on  the  subject  of  power  problems  in  steel  mills,  by  a  man 
who  is  so  well  informed  as  Mr.  Gasche. 

We  must  not  overlook  the  fact  that  the  gas  engine  builders 
have  accomplished  great  things  in  the  face  of  many  obstacles  and 
although  prejudiced  in  favor  of  the  impulse  type  of  steam  turbine.  I. 
nevertheless,  give  much  credit  to  the  engineers  who  have  been  work- 
ing on  the  gas  engine.  The  quality  of  the  product  delivered  by  the 
gas  engine  plants  does  not,  however,  compare  favorably  with  the 
c|uality  of  the  product  delivered  by  the  modern  steam  turbine  plant. 
Mr.  Getts  and  myself  had  occasion  alx^ut  eighteen  months  ago,  to 
study  the  fluctuations,  both  in  load  and  speed,  of  a  large  gas  engine 
plant,  jirobably  the  same  one  as  that  referred  to  by  Mr.  Milton.  If 
1  remember  correctly,  we  found  load  changes  of  about  30%  or 
15,000  kw.  out  of  50.000  kw..  which  were  accompanied  by  a  change 
of  I3X  cycles  either  side  of  the  normal  frecjucncy  of  25.  A  public 
service  corporation  operating  a  ccn.tral  station  could  not  hope  to  hold 
its  customers  if  it  furnished  electric  service  of  that  (|uality.  The 
electric  energy  supi)lied  by  a  gas  engine  i)lant  may  be  suitable  for 
certain  processes  in  and  around  a  steel  mill,  but  it  is  not  very  well 
suited  for  many  other  industrial  uses.  A  storage  battery  would  prob- 
ably take  up  the  load  changes  lietter  than  any  other  method,  although 
it  would  require  a  very  e.Ki)ensive  outfit  in  transforming  devices,  to 
properly  connect  a  25  cvcle  A  C.  system  to  a  storage  battery  capable 
of  handling  15,(XI0  kw.  at  2.=^0  volts  or  60.000  ami->eres.  and  a  mod- 
ern steam  i)lant  would,  therefore,  not  only  be  lower  in  first  cost, 
but  could  probably  be  0])erated  to  much  better  advantage  than  a  com- 
bination gas  engine  and  storage  battery  plant.  The  Edison  compa- 
nies regard  their  storage  battery  plants  as  break-dowii  capacity  and 
do  not  attempt  to  smooth  out  the  load  curve  by  charging  and  dis- 
charging them.  The  arrangement  of  which  Mr.  Milton  spoke  would 
re(|uire  charging  and   discharging  them  continually,  and    I    should 
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expect  the   depreciation  of  the  battery   under   these   conditions   to 
materially  affect  the  cost  of  energy. 

Some  statements  have  been  made  regarding  the  temperature 
of  the  steam  used  in  modern  steam  turbine  plants,  and  the  author 
has  referred  to  a  temperature  of  700  deg.  F.  as  representing  the  best 
foreign  practice.  One  of  the  plants  in  Chicago  with  which  our 
Chairman  is  associated,  is  using  steam  of  approximately  the  same 
temperature. 

Mr.  Jackson  has  spoken  of  the  developments  which  the  future 
may  hold  in  store  for  the  gas  engine,  but  it  seems  to  me  that  the 
mercury  boiler,  in  conjunction  with  the  present  steam  boiler  and 
steam  turbine,  as  proposed  by  Mr.  W.  L.  R.  Emmet,  offers  pos- 
sibilities equally  as  good  as  those  which  we  can  reasonably  expect 
from  the  gas  engine. 

I  am  sorry  I  have  nothing  to  add  to  the  discussion.  I  am  just 
picking  out  a  few  of  the  things  that  came  to  me  in  listening  to  the 
author. 

JVilfrcd  Sykes.  ^tEM.  a.  i.  e.  e.  :  Mr.  Gasche  did  not  tell  the 
whole  story  when  he  spoke  about  the  energy  that  had  to  be  given  by 
the  engines  to  the  flywheels  after  a  heavy  load.  Mr.  Allen  brought 
out  the  fact  that  in  a  large  plant  the  variation  was  about  12%. 
Now,  with  flywheels  on  the  mills,  there  is  going  to  be  a  large  flow 
of  current  to  individual  motors  if  one  or  more  are  loaded  when  the 
frequency  arises.  In  addition,  the  engines  have  to  pick  up  the  fly- 
wheels on  the  mills  as  well  as  their  own  flywheels,  and  that  adds 
greatly  to  the  stresses  thrown  on  the  engine. 

The  Author:  With  the  permission  of  the  Chairman  and  of  the 
other  gentlemen,  I  will  undertake  to  comment  on  that  situation. 

What  Mr.  Sykes  says  is  literally  true  with  reference  to  fly- 
wheels as  applied  to  roll  trains  having  a  detrimental  effect  on  the 
|>ower  plant  when  that  power  plant  does  not  serve  its  purpose.  If 
we  wish  to  apply  motors  to  roll  trains  of  the  three  high  type  continu- 
ously operating  by  any  type  of  motor  and  have  the  audacity  to  apply 
those  motors  v^'ithout  a  suitable  inertia  effect,  either  in  the  rotor  of 
the  motor  or  in  a  separate  flywheel,  we  would  experience  transient 
currents  and  dynamic  effects  on  a  power  plant  beyond  any  conceiv- 
able measure. '  Nothing  short  of  an  oscillograph  would  give  any 
intimation  of  their  magnitude. 

I  do  not  think  Mr.  Sykes  was  inclinefl  to  place  any  particular 
emphasis  on  the  fact  that  the  flywheels  so  located  would  tend  to 
correct  the  power  situation,  and  I  agree  with  him  thoroughly  that 
in  their  presence  and  with  the  incumbrance  of  a  power  plant  that  is 
not  capable  of  close  regulation,  we  would  have  an  added  trouble. 

O.  H.  West,  ASSOC,  a.  i.  e.  e.  :  I  happen  to  be  connected  with  a 
gas  engine  installation,  and  I  wish  to  speak  one  word  in  favor  of  gas 
engines ;  and  that  is  the  rapidity  with  which  they  can  be  put  into 
operation  as  compared  with  the  stean.i  turbine  or  steam  engine.  It  is 
possible  to  put  into  operation  the  gas  engine  of  an  A.  C.  generator 
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and  synchronize  starting  from  rest,  in  the  space  of  30  seconds.  1 
understood  the  author  to  say  tliat  the  temperature  of  the  exhaust  gas 
of  the  gas  engine  is  in  the  neighborhood  of  1200  deg.  In  view  of 
that  fact,  why  should  it  not  be  possible  to  utilize  that  temperature 
in  the  production  of  steam  for  the  additional  30%  steam  turbine  in- 
stallation if  necessary? 

I  know,  or  at  least  I  have  heard  from  good  authority,  that  the 
installation  which  I  represent,  which  comprises  gas  engines  to  the 
extent  of  43  ranging  in  capacity  from  3500  h.  p.  to  4500  h.  p.,  pro- 
duces power  at  a  less  cost  per  kilowatt  hour  than  in  any  other  plant 
in  the  United  States  Steel  Corporation.  That  would  olTset  the  enor- 
mous first  cost.  With  the  storage  battery  and  the  recent  improve- 
ments which  have  been  made  in  the  governors  of  gas  engines,  I  must 
say  that  there  has  been  great  improvement  made  in  the  last  two  or 
three  years  in  the  regulation  of  gas  engines.  The  tests  which  have 
been  made  show  that  a  gas  engine  being  thrown  from  no  load  to  full 
load,  and  full  load  to  no  load,  can  be  completely  regulated  for  change 
of  speed  within  8%,  and  I  think  that  was  before  the  recent  improve- 
ments on  the  governors.  But  I  believe,  with  the  present  improve- 
ments on  the  governor,  it  will  regulate  closer  than  that.  It  is  a 
fact  that  they  will  not  stand  an  overload  of  over  25%.  but  in  view 
of  the  fact  of  the  quantity  of  them  and  the  rapidity  with  which  they 
can  be  put  into  service,  they  compare  favorably  with  steam  turbine 
installations  which  must  consist  of  fewer  and  larger  units,  and  must 
be  operated  at  a  poorer  loading  factor  in  order  to  take  care  of  the 
largely  varying  average  demand. 

The  Author:  I  am  trying  to  assist  in  the  understanding  of  what 
we  have  to  meet  in  the  abstract  without  getting  into  the  specific 
quantities  which  T  liad  hoped  to  |X)stpone  for  a  more  suitable  time. 

The  gentleman  is  quite  right,  that  the  skill  and  the  facility  with 
which  gas  engines  have  been  put  into  service  and  taken  out  of  serv- 
ice is  really  creditable.  I  think  it  is  conceded,  and  possibly  I  have 
observed  it  personally,  that  a  2000  kw.  gas  engine  can  be  put  into 
service  from  standstill  conditions  in  the  neighborhood  of  something 
like  a  minute  and  a  half. 

Now,  what  is  the  occasion  for  that  sort  of  thing?  It  must  be 
an  accommodation  to  change  of  load.  It  must  be  a  new  demand 
In  the  aggregate  demand  there  arc  the  loads  to  which  I  have  tried 
to  give  the  name  peak  loads,  such  that  nobody  can  predict  when 
they  will  happen,  or  their  magnitude.  When  steel  mill  practice  comes 
to  a  point  of  clearly  defined  conditi<ms  where  there  is  such  timing 
of  action  oil  the  part  of  the  different  departments  that  they  will 
carefully  advise  the  power  plants  that  they  are  about  to  put  on  an- 
other mill,  those  peak  loarls  in  a  sense  can  be  anticipated  by  the 
application  of  one  or  more  available  units,  ^\'he^  cases  arise,  how- 
ever, that  the  full  demand  of  the  jilant  is  practically  realized,  the 
peak  loads  are  not  by  any  means  diminishing  as  to  the  character  and 
percentage  with  reference  to  average  loads.     It  then  becomes  a  mere 
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guess  to  determine  whether  to  put  on  units  or  take  them  off.  This 
is  not  a  criticism  of  the  operatives  who  have  had  to  deal  with  the 
equipment. 

Such  loads  as  are  to  be  dealt  with  by  the  power  plant  are  not 
capable  of  proper  treatment  by  the  adjustment  and  care  on  the  part 
of  operatives,  however  willing  and  capable  they  are,  or  however 
much  skill  they  have  manifested. 

I  hope  that  you  will  not  misconstrue  my  intention  to  accord  all 
credit  to  those  who  have  made  such  splendid  exhibits  of  care  and 
attainments  in  the  operation  of  actual  gas  engine  plants.  It  is  not 
their  duty  or  responsibility  to  question  what  has  been  given  to  them 
as  an  equipment. 

"Theirs  not  to  reason  why" — 

With  regard  to  this  question  of  terminal  temperatures,  I  was 
careful  to  say  that  in  the  conversion  of  heat  into  work,  a  little  cal- 
culation in  the  thermodynamics  of  the  case  would  show  that  with 
the  initial  temperature  of  about  3000  deg.  F.,  and  with  the  other 
conditions  known,  the  temperature  at  the  end  of  the  stroke  would 
not  be  much  different  from  1200  deg.  The  actual  exhaust  tempera- 
tures are,  as  I  have  intimated,  occasionally  lower  than  1000  deg. 
These  lower  temperatures  are  the  incident  of  the  inevitable  applica- 
tion of  water  to  cooling  the  surfaces  of  the  gas  engine  in  the  per- 
formance of  its  functions.  Momentary  diversion  of  the  water  from 
the  water  jackets  of  any  gas  engine  would  be  a  thing  capable  of  a 
good  deal  of  criticism.  It  is  one  of  the  most  vital  features  toward 
continuous  and  reliable  service  and  determines  the  actual  tempera- 
tures which  are  realizable  when  measured  at  the  exhaust.  These  ex- 
haust temperatures  are  high  and  are  capable  of  utilization.  Why 
don't  we  do  it?  We  never  get  anything  in  this  world  for  nothing. 
A  2000  kw.  gas  engine  with  a  suitably  large  waste  heat  boiler  is 
capable  of  developing,  through  the  utilization  of  that  waste  heat, 
something  like  200  boiler  h.  p.  But  it  costs  so  much  money  and  it  is 
attended  by  so  many  complications  that  we  must  look  to  other  ele- 
ments of  the  service  before  w"e  come  to  trimming  the  final  tempera- 
ture in  the  little  garden  of  endeavor.  That  is  the  chief  reason  for 
the  absence  of  waste  heat  boilers. 

Mr.  Milton:  As  I  said  before,  I  am  not  holding  a  brief  for  the 
gas  engine  or  the  steam  engine.  The  cure  which  I  suggest  is  good 
for  both,  but  I  fear  that  both  Mr.  Gasche  and  Mr.  Allen  might  leave 
some  of  us  under  a  misapprehension.  Mr.  Gasche  seems  to  be  fright- 
ened by  the  bugaboo  of  the  sudden  peak  load,  and  that  is  exactly 
what  the  storage  battery  takes  care  of.  They  both  speak  of  the 
time  element.  The  Electric  Storage  Battery  Company  is  ready  to 
guarantee  a  6%  regulation  on  either  side  of  the  average  of  any 
load  that  has  ever  occurred,  no  matter  how  fast  it  fluctuates  or  how 
long  it  fluctuates  or  how  high.  I  take  it  that  if  you  put  in  enough 
batteries  to  hold  the  load  within  6%  on  either  side  of  the  average, 
the  gas  engine,  or  the  steam  engine  could  perform  its  functions  very 
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nnich  better  than  when  the  thictiiations  are  allowed  to  fall  on  the 
engine. 

Mr.  Allen  brings  up  the  question  of  eost.  He  spoke  of  a  60,000 
amperes  fluctuation  and  referred  to  rotary  converterb  of  60,000  am- 
peres capacity  for  carrying  these  fluctuations.  In  the  mill  which  1 
referred  to,  the  rotary  converter  was  made  by  Mr.  Allen's  company, 
and  its  normal  full  load  rating  is  7.000  amperes.  1  have  seen  it 
take  20,000  amperes  for  short  periods,  which  s])eaks  well  for  the 
rotary. 

Mr.  Allen  also  si)oke  of  the  depreciation.  1  claim  that  the  aver- 
age depreciation  on  these  fluctuating  batteries  ( not  the  stand-by 
batteries  that  he  referred  to  which  the  Commonwealth  Edison  Co. 
are  ©Operating,  but  the  automatic  regulating  batteries  of  the  Man- 
chester or  Tudor-i>ox  type,  such  as  are  in  use  in  the  various  steel 
mills  in  this  country),  that  their  dej)reciation — their  maintenance 
and  depreciation — average  less  than  6'/,' ,  and  that  is  as  good  as  al- 
most any  machinery  they  have  in  the  mills,  if  not  a  little  better. 
When  we  speak  of  maintenance  and  depreciation,  we  claim  that  a 
battery  has  no  dei)reciation.  because  we  take  the  definition  of  main- 
tenance and  depreciation  so  ably  brought  out  in  Mr.  Jackson's  paper 
before  this  Society  in  1910.''' 

These  are  the  two  points  I  want  to  bring  to  your  attention : 
The  ca])ital  invested  ;  it  is  not  necessary  to  put  in  a  battery  whose 
normal  rating  in  amperes  is  equal  to  the  maximum  fluctuation.  A 
battery  can  discharge  from  ten  to  twelve  times  the  normal  rating. 
It  is  not  necessary  to  put  in  rectifying  a])paratus.  in  the  case  of 
alternating  currents,  of  a  full  load  capacity  ec|ual  to  the  momentary 
battery  discharge.  The  investment,  therefore,  is  not  as  great  as 
might  be  indicated  by  Air.  Allen's  remarks.  And  as  to  the  c|uick 
fluctuations  of  load  that  a  gas  en.gine  cannot  take,  or  that  even  a 
steam  engine  cannot  take,  a  battery  can  take  them  in  a  fraction  of  a 
second. 
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Presented  Mareli   i6.   iqt/. 

Government  Regulation  of  Railroads  from  the  Investor's 
Standpoint. 

Andrew  Cooke.* 

For  many  montlis  one  of  the  most  disturbing  factors  in  the 
financial  world  has  been  tlie  uncertainty  caused  by  the  failure  of 
the  Interstate  Commerce  Commission  to  render  a  decision  on  the 
application  of  the  eastern  railroads  for  an  increase  of  5%  in  freight 
rates.  Investors  here  and  abroad,  newspapers  and  the  public  gen- 
erally, as  well  as  railroad  officials  and  shippers,  have  followed  the 
case  with  great  interest.  It  is  conceded  that  public  sentiment  would 
not  be  opposed  to  an  increase  in  rates,  and  yet  the  investigation  of 
the  Interstate  Commerce  Commission  drags  on,  and  the  railroads 
and  shippers  have  been  required  to  spend  immense  sums  of  money 
in  gathering  evidence  to  support  their  respective  claims.  As  a  re- 
sult of  the  increase  in  cost  of  operation,  the  railroads  have  for  a 
long  time  been  obliged  to  curtail  expenditures  for  improvements 
and  extensions,  and  it  goes  without  saying  that  there  can  be  no 
great  revival  in  general  business  until  the  railroads  again  come  into 
the  market  as  purchasers  of  materials  and  supplies.  As  a  remedy 
for  existing  conditions,  it  has  been  suggested  that  the  government 
should  take  over  the  properties  of  the  railroads,  and  one  of  the  prin- 
cipal arguments  advanced  by  those  favoring  this  .suggestion,  and 
an  argument  which  they  claim  more  than  offsets  certain  obvious 
and  serious  objections  to  government  ownership,  is  that  private  cor- 
porations must  pay  a  very  much  higher  rate  of  interest  upon  capi- 
tal than  the  government  would  be  obliged  to  pay  upon  money  bor- 
rowed for  the  purpose  of  purchasing  and  developing  the  railroad 
systems  of  the  country. 

If,  therefore,  a  plan  can  be  worked  out  whereby  the  interest 
rates  which  the  companies  are  required  to  pay  upon  capital  can  be 
materially  decreased  under  private  ownership  and  government  con- 
trol, the  principal  arguments  in  favor  of  government  ownership  will 
have  been  answered. 

Generally  speaking,  tlie  rate  of  interest  which  an  investor  de- 
mands at  any  particular  time  varies  according  to  the  risk  incident 
to  the  investment,  and  among  the  principal  questions  which  must 
be  considered  in  determining  the  risk  involved  in  any  railroad  enter- 
prise are  the  following : 

1.  Whether  the  company  has  been  and  will  be  honestly  financed 
and  managed. 

*Consuhing  Financial  Expert.  Formerly  Vice-President  Harri§ 
Trust  &  Savings  Bank. 

May,  1914 


k 


504  Cooke— Public   Utilities 

2.  Whether  tlie  company  is  protected  against  unexpected  and 
unfair  increases  in  taxes. 

3.  Whether  there  is  a  possibihty  of  the  construction  of  a  com- 
peting road,  and 

4.  Whether  there  is  a  possibility  of  an  unfair  reduction  in 
rates,  or.  what  amounts  to  the  same  thing,  a  prohibition  against  an 
increase  in  rates  made  necessary  by  advances  in  wages,  the  price  of 
materials  and  supplies,  and  other  expenses  entering  into  the  cost  of 
transportation. 

1.       MANAGEMENT. 

There  is  no  excuse,  of  course,  for  the  mismanagement  of  rail- 
road properties  which  has  recently  been  disclosed  in  certain  cases, 
and  the  investor  at  home  and  abroad  is  entitled  to  protection  against 
such  abuses.  It  is  probably  desirable  to  provide  for  the  approval  by 
the  Interstate  Commerce  Commission  of  the  issuance  of  railroad 
securities,  and  we  see  no  reason  why  it  should  not  be  possible  to 
enact  laws  which  will  afford  the  bondholders  and  stockholders  of 
railroads  the  same  protection  against  dishonesty  and  fraud  which  is 
afforded  the  depositors  and  stockholders  of  our  national  and  state 
banks. 

2.      TAXATION. 

Under  the  present  system,  taxes  must  be  paid  before  an  investor 
in  a  ])roperty  can  receive  any  return  upon  his  investment,  and  the 
risk  assumed  by  investors  is  increased  accordingly.  The  amount  of 
taxes  which  a  corporation  may  have  to  pay  is  very  uncertain,  and  T 
have  in  mind  in  this  connection  a  recent  case  of  a  public  utility  com- 
pany whose  taxes  were  arbitrarily  increased  over  200%  in  a  single 
year,  making  the  increased  taxes  more  than  15%  of  the  gross  earn- 
ings of  the  property.  The  assessment  amounts  to  practical  confisca- 
tion, and  the  effect  upon  the  value  of  the  company's  securities  can 
be  readily  imagined.  If  the  system  of  taxation  were  changed  so 
that  the  taxes  assessed  against  a  corporation  would  be  payable  only 
out  of  the  surplus  earnings  remaining  on  hand  after  providing  for 
operating  expenses,  full  maintenance  and  depreciation  charges,  and 
a  fair  return  upon  the  value  of  the  property,  an  investment  in  the 
securities  or  stock  of  a  railroad  company  would  be  much  more  at- 
tractive than  it  is  at  present. 

3.       COMPETITION. 

One  of  the  greatest  dangers  to  which  a  railroad  investment  was 
formerly  subject,  was  that  of  the  construction  of  competing  lines 
which  resulted  in  disastrous  rate  cutting,  and  frequently  in  the  sale 
of  the  properties  at  foreclosure.  Fortunately,  danger  from  that 
source  has  been  very  largely  elinu'nalcd.  owing  to  the  passage  of  pub- 
lic utility  laws  in  various  states  which  provide  that  no  new  property 
.shall  be  constructed  unless  the  Public  Service  Commission  shall  have 
issued  a  permit  shewing  that  its  construction  is  a  public  necessity. 
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Certainly,  if  public  utility  regulation  is  to  Jje  favorably  regarded  by 
investors  it  nuist  be  a  regulation  not  only  of  rates,  but  of  competition. 

4       RATE  REDUCTION. 

It  is  difficult  to  see  how  the  rates  of  any  railroad  can  be  intel- 
ligently or  fairly  regulated  unless  the  Interstate  Commerce  Com- 
mission shall  first  ascertain  what  is  a  fair  valuation  of  the  company's 
property  on  which  it  is  entitled  to  receive  a  return.  When  a  physical 
valuation  by  the  government  of  the  railroads  in  the  country  was  first 
proposed,  it  was  received  with  considerable  alarm  by  the  holders 
of  securities  generally,  but  much  of  the  uncertainty  which  has  existed 
for  some  time  in  connection  with  railroad  investments  will  be  re- 
moved as  soon  as  these  government  valuations  are  completed.  The 
bondholders  and  stockholders  of  each  company  will  then  know  ex- 
actly the  amount  upon  which  the  company  will  be  allowed  to  earn  a 
return,  and  it  will  be  determined  to  what  extent,  if  any,  the  railroads 
of  the  country  have  been  over-capitalized. 

Without  entering  into  a  discussion  of  the  items  which  should 
be  included  in  such  valuations,  it  must  be  admitted  that  liberal  al- 
lowance should  be  made  for  the  cost  of  developing-  the  business  of 
each  company;  that  is,  the  loss  in  operation  which  may  have  been 
sustained  in  previous  years,  represents  (1)  the  difference  between  a 
fair  return  upon  the  money  invested,  and  the  amount  actually  re- 
ceived in  interest  and  dividends,  and  (2)  the  depreciation  of  the 
property  not  provided  for  out  of  earnings.  In  view  of  the  immense 
appreciation  in  the  value  of  the  terminals  and  rights-of-way  of  the 
various  systems,  there  should  be  no  difficulty  in  securing  satisfactory 
valuations  on  most  of  the  roads,  and  when  the  figures  are  finally 
determined,  the  Interstate  Commerce  Commission  will  for  the  first 
time  have  a  definite  basis  upon  which  to  work  in  regulating  rates. 

I  asked  the  president  of  one  of  the  large  railroad  systems  re- 
cently the  following  question:  "Assuming  that  the  government 
has  made  an  examination  of  your  property,  and  has  fixed  a  definite 
valuation  upon  which  you  are  entitled  to  receive  a  return,  would 
you  be  willing  to  ask  the  Interstate  Commerce  Commission  for  an 
increase  in  rates,  and  agree  that  all  of  the  increase  in  net  earnings 
resulting  therefrom  would  be  expended  in  improvements  to  the  prop- 
erty, and  not  charged  to  capital  account?"  He  replied,  "Yes;  most 
emphatically."  and  agreed  that  such  an  increase  would  make  the  mar- 
gin of  security  over  interest  and  dividend  charges  so  great  that  his 
company  would  be  able  to  borrow  new  capital  on  much  more  favor- 
able terms  than  it  can  at  present. 

Let  us  assume  that  a  fair  annual  return  upon  the  valuation  of 
the  property  of  a  certain  company  would  be  $12,000,000.  but  that 
the  net  earnings  from  operations  for  the  calendar  year  1014,  after 
providing  for  operating  expenses,  taxes,  and  depreciation,  were  only 

1$  10,000,000.  Certainly  the  company  would  be  entitled  to  increase  its 
rates  sufficiently  to  make  up  the  loss  of  .$2,000,000  sustained  in  1914, 
and  to  yield  in  each  subsequent  year  a  fair  return  upon  the  valua- 
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tion  of  the  projicrty  as  increased  from  time  to  time.  If  such  an 
increase  were  a])i)Hecl  for  and  denied,  the  company  would  natnrally 
have  difficuhy  in  raising  mcmey  for  additions  to  its  i)n)perty,  and 
e(|uipment  recjuired  to  pro])erly  handle  the  Inisiness  in  the  territory 
which  it  serves. 

Suppose  that  instead  of  denying  the  company  an  increase  in 
rates,  or  permitting  only  such  an  increase  as  would  barely  overcome 
the  loss  sustained  in  1914,  the  Interstate  Commerce  Commission 
should  permit  the  railroad  company  to  increase  its  rates  to  a  point 
where  the  net  earnings  would  undoubtedly  show  a  margin  over  the 
return  which  the  railroad  would  be  entitled  to  receive.  The  exact  net 
earnings  which  would  result  from  any  increase  allowed  by  the  Com- 
mission could  naturally  not  be  determined  in  advance,  but  the  Com- 
mission could  order  that  if  the  net  earnings  exceeded  a  fair  return, 
then  the  excess  should  be  expended  for  safety  devices,  double  track- 
ing, additional  c(|ui])ment,  terminals,  and  other  improvements,  but 
that  this  expenditure  should  not  be  charged  to  cajntal  account,  and 
that  the  railroad  should  at  no  time  in  the  future  be  allowed  to  receive 
any  return  thereon.  The  effect  of  such  an  attitude  on  the  part  of  the 
Interstate  Commerce  Commission  towards  the  railroads  of  the  coun- 
try, would  be  to  place  them  in  such  a  secure  position  that  new  money 
could  be  obtained  at  a  very  much  lower  rate  of  interest  than  the 
comjianies  are  compelled  to  pay  at  ])resent,  and  at  the  same  time  the 
public  would  be  in  no  way  injured. 

The  excess  earned  by  the  railn)ads  over  a  fair  return  on  their 
properties  would  be  exjiended  in  such  a  way  as  to  improve  the  serv- 
ice and  safeguard  the  lives  of  the  traveling  public;  the  valuation 
upon  which  any  com])any  would  be  entitled  to  receive  a  return  would 
not  be  increased,  but  the  fact  that  new  money  could  be  obtained  at  a 
lower  rate  of  interest  would  justifv  the  Commission  later  on  in 
reducing  the  rates  accordingly.  Under  present  conditions  the  bur- 
den of  i)roof  is  put  u])on  railroads  to  show  that  they  are  entitled  to 
even  the  slightest  advance  in  rates.  They  must  show  that  even  by 
practicing  all  of  the  economies  which  their  efficiency  experts  or 
others  may  suggest,  it  is  not  possible  for  them  even  in  prosperous 
)ears  to  pay  operating  exjienses  and  taxes,  and  provide  for  depre- 
ciation and  a  reasonable  return  upon  the  investment.  If  an  applica- 
tion for  an  increase  in  rates  is  necessary  but  is  denied,  then  the  hold- 
ers of  the  railroad  securities  nuist  stand  the  loss. 

ft  is  not  strange,  therefore,  that  imder  existing  conditions 
.\merican  railroad  securities  do  not  have  the  iiigh  standing  which 
they  ft)rmcrly  had  at  home  and  in  the  financial  centers  of  F.urope, 
and  the  excessive  rates  which  the  companies  are  obliged  to  pay  for 
money  at  the  i)resent  time  is  (\uc  to  the  unnecessary  risk  which  an 
investor  in  railroad  securities  must  assume,  and  which  would  prac- 
tically be  eliminated  under  a  system  of  government  regulation  along 
the  lines  which  wc  have  mentioned.  The  rate  of  interest  which  nnist 
be  paid  on  capital  is  one  of  the  principal  items  in  the  cost  of  trans- 
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portation,  and  it  is,  therefore,  in  the  interest  of  the  pubhc  to  safe- 
guard raih-oad  investments  in  such  a  way  that  the  rate  paid  upon 
capital  can  be  reduced  to  the  minimum.  Under  government  regula- 
tion the  public  can  secure  the  entire  benefit  of  the  saving  in  interest 
charges,  and  we  believe  that  the  final  solution  of  the  problem  of 
financing  and  operating  railroads  will  be  government  regulation  on  a 
basis  which  will  afford  to  the  investor  protection  against  loss  from 
dishonesty  and  fraud,  needless  and  disastrous  competition,  unfair 
taxation  and  unjustifiable  reduction  in  rates.  By  thus  making  rail- 
road investments  attractive  by  affording  the  investor  the  maximum 
protection,  the  public  will  be  able  to  secure  the  most  efficient  service 
at  the  minimum  cost. 


Valuation  of  Public  Utilities  from  the  Railway  Point  of  View. 

Sam L' EI.  O.  Di'XN.'' 

I  appreciate  very  much  the  compliment  paid  by  the  extension 
of  the  invitation  to  take  part  in  this  symposium.  In  spite  of  the  title 
of  my  paper,  I  have  no  authority,  implied  or  express,  to  speak  for 
tlie  railways.  My  role  here  was  assigned  me  by  those  who  extended 
the  invitation.  r)Ut  1  believe  I  have  some  knowledge  of,  as  I  cer- 
tainly have  much  sympathy  with,  the  princii)les  according  to  which 
the  more  enlightened,  progressive,  and  public-spirited  railway  men 
believe  that  railways  should  be  managed  and  regulated.  If  I  shall 
be  able  in  the  time  allotted  to  me  to  express,  however  partially  and 
fragmentarily,  what  they  Jiave  in  their  minds  regarding  valuation. 
1   shall  be  cjuite  satisfied. 

The  tap  root  of  the  theory  and  practice  of  valuation  of  public 
utilities  is  imbedded  in  two  familiar  provisions  of  the  Constitution 
of  the  United  States.  These  are  the  provisions  in  the  fifth  and 
fourteenth  amendments  which  in  substance  prohibit  the  nation  or 
any  state  from  taking  private  property  for  pulilic  use  without  due 
process  of  law  and  just  compensation.  Those  provisions  are  invoked 
for  the  protection  of  the  farmer  or  the  householder  when  his  prop- 
erty is  to  be  taken  in  the  exercise  of  the  power  of  eminent  domain. 
It  is  held  in  that  case  that  the  owner  must  be  paid  the  fair  present 
value  of  his  property.  The  same  provisions  would  be  invoked  and 
applied  if  an  attempt  were  made  by  the  public  to  condemn  the  rail- 
ways and  operate  them  as  a  government  function.  It  would  be  held 
in  that  case  that  the  owners  were  entitled  to  receive  the  fair  present 
value  of  their  properties.  To  so  regulate  the  rates  of  a  concern  in 
the  supposed  interest  of  the  public  as  to  destroy  its  fair  present  value 
to  its  owners  is  equivalent  to  taking  the  property  without  just  corn- 
ea pensation.  The  courts  have  so  held.  Furthermore,  the  courts  have 
^B  clearly  implied  that  the  fair  present  value  which  the  owners  of  a 
^^k      railway  or  other  public  utilitv  are  entitlerl  to  have  protected  when  its 
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rates  are  being  regulated  is,  in  essence,  the  same  thing  as  the  fair 
l)resent  value  which  they  would  be  entitled  to  receive  if  their  prop- 
erty were  being  taken  by  condemnation  or  that  the  farmer  is  entitled 
to  receive  when  his  land  is  being  taken  by  condemnation.  Since  the 
meaning  of  the  term  "fair  present  value"  is  substantially  the  same 
in  the  one  case  as  in  the  other,  it  follows  that,  so  far  as  is  practicable, 
the  same  means  and  standards  should  be  used  in  both  cases  for 
ascertaining  what  that  value  is. 

Unfortunately,  one  of  the  most  important  elements  considered 
in  appraising  a  ])ropcrty  in  condemnation  proceedings  cannot  be  con- 
sidered in  making  a  valuation  of  it  as  a  basis  for  the  regulation  of 
rates.  As  the  principal  purpose  of  valuation  in  the  latter  case  is  to 
determine  the  reasonableness  of  the  rates  being  charged,  and  as  the 
rates  being  charged  largely  determine  the  amount  of  the  net  earn- 
ings being  received,  it  necessarily  follows  that  the  current  net  earn- 
ings cannot  logically  be  used  as  a  factor  in  the  valuation. 

You  are  all  familiar  with  the  elements  which  the  Supreme  Court 
f)f  the  United  States  has  said  must  be  considered.  These  include  the 
original  cost  of  the  property,  the  cost  of  permanent  improvements, 
the  ])robable  cost  of  reproduction,  the  market  value  of  the  outstand- 
ing securities,  and  so  on.  The  com^t  has  clearly  indicated  that  no  one 
of  the  numerous  elements  which  it  has  mentioned  should  be  consid- 
ered alone.  All  of  them  should  be  considered,  due  weight  being 
given  to  each  ;  and  the  valuation  finally  made  should  be  an  estimate 
of  value  arrived  at,  not  merely  as  a  result  of  a  process  of  inventory- 
ing and  of  mathematical  calctdation,  l)ut  in  the  exercise  of  a  fair  and 
sound  judgment. 

Regarding  the  matter  from  this  point  of  view,  it  is  possible 
to  predict  witli  considerable  assurance  what  disjwsition  finally  will 
be  made  of  some  of  the  important  points  now  being  raised  regard- 
ing the  valuation  of  railways  and  other  i^ublic  utilities  which  the 
Interstate  Commerce  Commission  has  undertaken.  I  shall  not  try 
here  to  discuss  the  numerous  technical  engineering  questions  which 
must  be  settled.  ]  am  not  competent  to  do  that-;  and  Professor 
Cooley  in  the  i)a])er  recently  presented  to  this  Society  has  treated 
them  with  a  fullness,  clarity,  and  fairness  that  leaves  little  to  be  de- 
sired. There  are,  however,  some  broad  questions  of  public  policy 
pertaining  to  the  valuation  which  are  regarded  by  many  as  still  open 
to  discussion  and  on  which  I  shall,  therefore,  venture  briefly  to 
touch. 

One  of  them  is  how  land  used  for  railway  right-of-way  and 
terminals  should  be  appraised.  It  has  been  said,  on  the  one  hand, 
that  much  of  this  land  was  donated  by  the  government  to  the  rail- 
ways ;  that  a  great  deal  of  it  cost  them  far  less  than  its  present  value ; 
and  that  as  the  railways  are  engaged  in  a  public  service  they  shouhl 
not  be  allowed  to  benefit  by  the  "unearned  increment"  in  it.  The 
conclusion  to  wiiich  this  reasoning  apparently  leads  is  that  the  land 
should  be  included  in  ;i  valuation  at  its  original  cost.     ( )n  the  other 
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hand,  most  railway  men  believe  that  the  land  should  be  appraised 
at  what  it  would  now  cost  to  acquire  it  for  railway  purposes.  The 
issue  raised  by  these  opposing  contentions  involves  hundreds  of  mil- 
lions of  dollars. 

As  a  matter  of  fact,  the  theory  that  the  railways  should  not  be 
allowed  to  benefit  by  the  "unearned  increment"  in  their  land  has  not, 
either  in  law  or  morals,  a  single  leg  to  stand  on.  In  the  first  place, 
it  is  a  misnomer  to  say  that  the  so-called  "land  grant"  land  was 
"donated"  to  the  railways.  It  was  trasferred  to  them  as  a  result 
of  contracts  entered  into  between  the  government  and  the  railway 
companies.  The  consideration  paid  by  the  railway  companies  was 
two-fold.  First,  they  agreed  to  build  the  railways,  it  being  fore- 
seen by  everybody  that  this  would  benefit  the  government  and  the 
public  by  increasing  the  value  of  all  the  remaining  land  the  govern- 
ment owned  and  by  promoting  the  development  of  the  country- 
Second — and  this  is  a  point  often  overlooked — the  railways  agreed 
to  carry  the  mail  and  government  troops,  supplies,  and  so  on,  at 
reduced  rates,  and  have  done  so  ever  since  and  do  so  now ;  and 
some  of  them  have  thereby  paid  to  the  government  many  times  as 
much  for  the  land  as  it  was  worth  when  it  was  granted  to  them  and 
more  even  than  it  is  worth  now.  In  consideration  of  the  land  grants 
made  to  the  Illinois  Central  Railroad,  that  road  always  has  paid  to 
the  state  of  Illinois  7%  of  the  gross  earnings  derived  by  it  from  its 
land  grant  lines. 

The  grants  having  been  made  on  these  definite  terms,  and  there 
having  been  nothing  said  or  done  at  the  time  to  indicate  that  the  rail- 
ways were  not  to  benefit  fully  by  the  increase  in  the  value  of  the 
land,  on  what  basis  of  law — or  of  economics,  equity,  or  common 
sense,  for  that  matter — can  there  be  founded  at  this  late  day  an  argu- 
ment to  show  that  the  land  should  not  now  be  included  in  a  valua- 
tion at  its  full  present  value?  As  to  land  which  the  railways  have 
obtained  from  private  owners,  and  which  has  since  increased  in 
value,  it  is  inconceivable  how  any  sane  and  fair  man  can  contend 
that  they  are  not  entitled  to  benefit  by  the  increase  in  its  value. 

In  the  foregoing  the  term  "unearned  increment"  has  been  used 
in  the  sense  in  which  it  has  become  customary  to  use  it.  But,  as  a 
matter  of  fact,  is  this  term  properly  applicable  to  the  increase  which 
has  occurred  in  the  value  of  railway  land?  The  true  meaning  of 
"unearned  increment"  is  value  created  by  general  as  opposed  to 
local  or  individual  conditions  or  efiforts.  If  a  man  owns  a  vacant 
lot  and  without  any  effort  on  his  part  the  general  development  and 
general  increase  in  values  in  the  neighborhood  cause  an  increase 
in  the  value  of  his  lot,  he  gets  what  may  perhaps  properly  be  called 
an  "unearned  increment."  But  the  increase  in  the  value  of  the  land 
owned  by  railways  has  not  been  brought  about  in  this  way.  They 
have  immediately  improved  practically  all  of  the  land  which  they 
have  acquired  by  building  tracks,  yards,  stations,  and  so  on,  upon  it ; 
and  the  making  of  these  improvements  has  been,  both  immediately 
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and  in  the  lonc^  run,  the  main  cause -of  the  increase  in  the  value  not 
only  of  the  railway's  land,  but  also  of  everybody  else's  land.  If, 
therefore,  there  is  any  one  class  of  land  to  the  increase  in  whose 
value  it  is  not  reasonable  to  apply  the  term  "unearned  increment," 
that  is  the  land  owned  by  railways. 

It  is  a  well-known  principle  of  law  that  a  contract  should  be 
construed  and  carried  out  in  accordance  with  the  understanding 
of  its  terms  prevailing  at  the  time  it  was  made.  Since  it  was  the 
understanding  at  the  time  the  railways  acquired  all  the  land  which 
ihey  have  that  they  would  be  allowed  to  benefit  by  the  increase  in 
its  value,  it  must  follow  that  the  land  must  be  included  in  the  valua- 
tion at  its  present  value.  You  can  no  more  constitutionally  con- 
fiscate the  increment  in  the  land  of  a  railroad  company  than  you 
can  constitutionally  confiscate  the  increment  in  land  which  its  stock- 
holders may  own  and  cultivate  as  farms  in  their  individual  ca- 
pacities. 

In  the  discussion  of  this  question  of  land  values  and  other  re- 
lated matters,  it  recently  has  been  intimated  that  in  solving  the 
problems  involved  we  may  have  to  appeal  to  "the  public  conscience." 
The  implication  appears  to  be  that  the  public  conscience  might  not 
approve  of  allowing  fully  for  the  unearned  increment  in  railway 
land.  An  appeal  to  the  public  to  confiscate  the  increment  in  the 
value  of  the  land  of  public  utilities,  while  leaving  other  owners  to 
benefit  by  the  increment  in  the  value  of  their  land,  would  not  be  an 
appeal  to  the  public  conscience,  but  an  appeal  to  the  public  cupidity 
■ — an  appeal  to  the  public  to  commit  an  act  of  perfidy  and  dishonor. 
A  real  ap])eal  to  the  public  conscience  would  suggest  the  desirability 
and  duty  of  faithful  observance  of  the  contracts,  implied  or  express. 
into  which  the  public  has  entered  with  the  railways  and  other  pub- 
lic utilities. 

Whether  railway  land  should  be  evaluated  at  its  present  value 
for  ordinary  ]>urposes  or  at  what  it  would  cost  to  acquire  it  presently 
for  railway  ])urposes  is  a  disputed  point.  The  Supreme  Court  seems 
in  the  Minnesota  rate  case  to  have  ruled  against  the  use  of  the  so- 
called  "nniltipliers" ;  but  the  railways  have  not  lost  hope  that  it  may 
be  convinced  that  their  land  should  be  a]ipraised  on  the  basis  of 
the  estimated  present  cost  of  acquiring  it  for  railway  purposes. 

Another  important  question  connected  with  valuation  regarding 
which  there  has  been  much  discussion  in  newspa])crs  and  magazines, 
and  some  more  or  less  significant  discussion  in  reports  of  the  Inter- 
state Commerce  Commission,  is  whether  value  created  by  the  in- 
vestment of  earnings  should  be  included  in  a  valuation.  The  earn 
ings  which  have  been  invested  in  railways  arc  ordinarily  referred  to 
as  "surplus  earnings":  and  it  is  commonly  assumed  that  they  have 
been  earnings  which  the  roads  have  had  left  after  the  payment  of 
inl crest  and  reasonable  dividends.  This  assumption  is  right  as  to 
some  cases;  wrong  as  to  others.  In  many  instances  railways  have 
for  shorter  or  longer  periods  earned  more  than  ent)Ugh  to  pay  merely 
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the  interest  on  their  bonds,  bnt  not  enough  to  pay  also  satisfactory 
dividends  on  their  stock.  Tn  order  to  increase  the  earning  capacity 
of  the  properties  so  that  they  would  become  able  to  pay  satisfactory 
dividends,  many  managements  have  at  one  time  or  another  taken 
all  net  earnings  in  excess  of  interest  requirements  and  invested  them. 
Manifestly  the  directors  had  a  legal  and  moral  right  to  pay  out  to 
the  stockholders  the  earnings  thus  invested  if  they  had  chosen  to 
do  so.  But  if  they  had  a  right  to  pay  these  earnings  out  to  the 
stockliolders,  then  the  earnings  must  have  belonged  to  the  corpora- 
tion. Again,  some  roads  have  for  longer  or  shorter  periods  earned 
enough  to  pay  interest  on  their  bonds  and  satisfactory  dividends  on 
their  stock  and  had  something  left  which  they  invested  in  the  prop- 
erties. Could  not  the  directors  legally  have  paid  these  excess  earn- 
ings, which  were  true  "surplus  earnings,"  out  to  the  stockholders? 
But  if  they  could  legally  have  paid  them  out  to  the  stockholders, 
then  they  must  have  belonged  to  the  corporation,  for  the  directors 
could  not  legally  have  paid  out  money  that  the  corporation  did  not 
own.  If  in  both  these  cases  the  earnings  in  question  did  belong 
to  the  corporation,  and,  therefore,  might  have  been  paid  out  to  the 
stockholders,  upon  what  ground  can  it  be  contended  that  when  the 
directors,  instead,  decided  to  and  did  invest  them  in  the  property  they 
ceased  to  belong  to  the  corporation,  were  transmuted  into  property 
of  the  public,  and  were  thereby  automatically  excluded  from  con- 
sideration in  a  valuation  of  the  railway?  Suppose  that  these  earn- 
ings had  been  paid  out  to  the  stockholders  in  dividends ;  that  then 
the  company  had  issued  stock  which  the  stockholders  bought  with 
these  dividends ;  and  that  the  money  had  then  been  invested  in  the 
property.  The  monev  thus  paid  out  by  the  company  to  the  stock- 
holders, and  paid  back  by  them  and  invested,  would  have  been  the 
same  money  as  that  which  was  invested  without  having  first  been 
paid  out  and  paid  back.  And  yet  if  the  business  had  been  handled 
in  that  way,  would  anybody  now  question  whether  the  part  of  the 
value  created  by  that  investment  should  be  included  in  a  valuation 
of  the  railways? 

Take  another  example :  Suppose  that  two  railways  are  con- 
structed in  the  same  territory  at  substantially  the  same  cost  per 
mile.  Being  in  the  same  territory,  thev  must  charge  the  same  rates. 
One  of  them,  however,  is  better  managed  than  the  other.  Because 
of  this,  while  one  earns  barely  the  minimum  "fair  return,"  the  other 
earns  a  surplus  in  excess  of  the  minimum  "fair  return."  Both  of 
them  build  branch  lines  into  a  new  territory,  as  often  happens.  The 
one  having  no  surplus  earnings  builds  its  branch  from  new  capital. 
The  other  builds  its  branch  from  surplus.  Shall  the  branch  line  of 
the  former  be  included  in  its  valuation  because  built  from  new  capi- 
tal, and  the  branch  line  of  the  latter  be  excluded  because  built  from 
earnings?  And,  if  so,  how  are  the  rates  to  be  fixed  on  these  two 
parallel  branch  lines?  If  the  branch  line  of  the  better  managed 
road  is  to  be  excluded  from  its  valuation,  then,  manifestly,  its  rates 
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must  be  so  re.c^ulatcd  that  it  will  earn  no  return  on  the  investment  in 
the  branch  line,  but  only  bare  operatin^j  expenses.  But  the  rates 
on  the  two  branch  lines  must  be  the  same,  or  the  one  whose  rates 
are  the  lower  will  g^et  practically  all  of  the  business.  If  in  this  case 
the  rates  are  based  on  the  valuation  of  the  better  managed  road, 
how  is  the  other  road  to  earn  any  return  on  its  investment  from 
new  capital  in  its  branch  lines?  How  are  the  taxing  authorities 
going  to  deal  with  these  branch  lines?  Railway  values  created  from 
new  capital  and  railway  values  created  from  surplus  earnings  have 
in  the  past  looked  very  much  alike  to  the  tax  gatherer,  and  doubtless 
will  continue  to. 

I  now  venture  to  touch  on  a  subject,  the  facing  of  which  fills 
me  with  trepidation.  This  is  depreciation  in  valuation.  Unless  I 
am  mistaken,  this  is  a  phase  of  the  general  subject  of  valuation  on 
which  I  differ  from  many  of  my  railway  friends,  and  I  desire  it 
to  be  clearly  understood,  therefore,  that  in  touching  on  it  T  make 
no  pretense  of  speaking  from  the  railway  point  of  view.  T  have 
read  many  papers  on  this  theme.  Some  of  them  T  have  understood. 
Some  of  them  T  have  not.  A  question  must  be  very  intricate  and 
profound  to  be  discussed  in  so  many  long  and  incomprehensible 
flisquisitions.  And  yet  the  general  principle  involved  does  not  seem 
to  be  so  very  complex  or  doubtful.  A  new  rail  has  a  certain  value 
which  is  represented  by  the  price  that  has  been  paid  for  it.  As  soon 
as  it  is  laid,  the  rail  begins  to  depreciate  in  value.  It  may  be  just 
as  good  for  immediate  service  at  the  end  of  a  week  or  a  year  or 
two  years  as  when  it  was  laid.  Ikit  everylxjdy  knows  that  its  mar- 
ket value  has  declined  and  that  its  ix^tential  service  has  been  reduced. 
Suppose,  now,  that  when  it  has  been  in  service  for  half  its  probable 
life — say,  for  four  years — a  valuation  of  the  railway  is  made. 
Should  that  rail  be  included  in  the  valuation  as  of  the  same  value 
as  a  new  rail?  To  me  it  seems  manifest  that  it  should  not  be.  but 
that  a  deduction  from  its  value  new  should  be  made  for  and  in 
proportion  to  its  loss  of  i>otential  service.  The  same  reasoning 
would  seem  to  lead  to  the  same  conclusion  regarding  a  hundred  rails 
or  a  thousand  rails,  and  in  regard  to  cars,  locomotives,  and  so  <mi. 
It  is  sometimes  said  that  there  is  no  depreciation  in  a  railway  which 
is  well  maintained.  Rut  an  old  railwav  may  be  well  maintained 
and  yet  have  many  rails  and  cars  that  have  lost  a  third  or  a  half 
of  their  jxitential  service,  and  others  that  arc  but  a  year  or  a  day 
from  the  scrap  heap.  If  at  the  time  a  nunil)cr  of  new  cars  or  rails 
are  put  in  service  a  depreciation  finid  be  opened  for  them  and  pay- 
ments be  made  into  it  on  a  proi)er  basis,  when  those  cars  or  rails 
are  four  years  old  there  will  be  in  the  depreciation  fund  account 
an  amount  e(|uivalcnt  to  the  ]X)tential  service  which  they  have  lost. 
If  at  that  time  a  valuation  of  the  railway  be  made  and  a  detluction 
for  the  <leprcciation  of  these  rails  or  cars  be  made,  this  de<luction 
will  be  ofTset  by  the  amount  which  has  been  pai<l  into  the  dcprecia- 
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tion  account.  The  railway  will  then  lose  nothing  by  the  deduc- 
tion for  depreciation.  If,  on  the  other  hand,  the  railway,  instead 
of  paying  into  a  depreciation  account  enough  to  ofifset  the  actual 
depreciation,  has  taken  the  money  and  done  something  else  with 
it,  has  it  any  just  ground  for  complaint  if  the  regulating  authority 
refuses  to  include  in  the  valuation  the  equivalent  of  this  money? 
If  the  money  which  might  have  been  put  into  the  depreciation  ac- 
count has  been  invested  in  something  else,  then  the  stockholders 
presumably  are  receiving  a  return  from  the  other  thing  in  which 
it  has  been  invested.  And  if  the  money  has  been  paid  out  to  the 
stockholders  in  dividends,  then  they  have  got  it,  and  can  hardly 
complain  because  the  equivalent  of  it  is  not  included  in  the  valuation. 

The  question  whether  a  deduction  should  be  made  for  depre- 
ciation is  on  all  fours  with  the  question  whether  there  should  be 
included  in  the  valuation  the  value  created  by  investment  from 
earnings.  The  value  created  by  mvestment  from  earnings  is  there, 
and,  being  there,  should  be  and  must  be  counted.  The  value  which 
has  disappeared  because  of  depreciation  and  of  the  failure  to  pro- 
vide adequate  depreciation  or  sinking  funds,  is  gone  and,  therefore, 
should  not  be  counted. 

While  there  is  depreciation  in  the  physical  property  of  a  rail- 
way which  should  be  considered  in  valuation,  there  is  also  appre- 
ciation in  its  physical  value,  aside  from  that  in  its  land,  which,  it 
would  seem,  should  also  be  considered.  This  appreciation  is  due 
to  what  has  been  called  "solidification  and  adaptation."  The  opera- 
tion of  the  property  and  its  proper  maintenance  strengthen  and 
solidify  the  roadbed  so  that  in  spite  of  the  depreciation  in  detail  of 
such  physical  items  as  rails  and  ties,  it  steadily  becomes  for  some 
time  after  it  is  opened  a  .safer  and  easier  property  to  operate.  For 
example,  it  is  unsafe  to  run  fast,  heavy  passenger  trains  over  it  at 
first.  This  condition  is  remedied  after  a  time  by  operation  and  the 
work  of  the  maintenance  forces,  thereby  increasing  the  property's 
earning  capacity.  There  has  been,  thereby,  added  to  the  property  a 
value  which,  it  would  seem,  ought  to  be  considered. 

A  point  in  regard  to  the  valuation  of  railways  and  other  public 
utilities  which  has  not  received  as  much  consideration  as  it  deserves 
is  the  allowance,  if  any,  which  should  be  made  for  going  value.  It 
seems  to  be  quite  generally  assumed  that  when  the  physical  property 
has  been  inventoried,  and  all  the  items  included  in  the  cost  of  phys- 
ical production  or  reproduction  have  been  added  up,  the  valuation 
is  complete.  But  is  a  property  a  mere  aggregation  of  physical  units? 
Are  land,  rails,  ties,  locomotives,  cars,  passenger  stations  to  be  con- 
sidered as  everything,  and  the  traffic  which  has  been  built  up  and 
the  organization  and  methods  which  have  been  developed  for  hand- 
ling it  to  be  treated  as  naught?  If  you  owned  a  railroad,  wtiich 
would  you  rather  have. — Mallet  engines  without  any  esprit  de  corps, 
or  esprit  de  corps  without  Mallet  engines?  Good  organizations, 
built  up  and  led  by  men  of  ability,  have  been  known  to  take  rail- 
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ways  which  were  i)hysically  ready  for  the  scrap  heap  and,  without 
any  increase  in  their  rates,  transform  them  in  a  few  years  into  mag- 
nificent transf)ortation  macliines  rendering  splendid  service  to  the 
iuil)hc  and  earning  large  dividends  for  their  owners.  Did  any  one 
of  you  ever  hear  of  an  instance  where  a  fine  roadbed  and  good 
equipment  converted  a  poor  official  personnel  and  organization  into 
good  ones?  You  never  did.  I  hit  you  have  heard  of  not  a  few  cases 
where  organizations  which  were  poor  in  form,  poor  in  personnel, 
Ix)or  in  leadership,  enormously  depreciated  the  physical  condition 
and  largely  destroyed  the  earning  capacity  of  railroads.  Manifestly, 
you  might  have  running  parallel  to  each  other  two  roads  which  it 
had  cost  the  same  amount  to  produce  and  would  cost  the  same 
amount  to  reproduce  but  one  of  which  would  have  vastly  larger 
net  earnings  and,  therefore,  a  far  larger  going  value  than  the  other, 
because  its  traffic  department  was  more  energetic  and  skillful  in 
developing  business  and  its  operating  department  more  energetic 
and  skillful  in  keeping  down  expenses.  Manifestly,  in  that  case 
the  railway  with  the  larger  going  value  would  be  the  more  valua- 
ble property;  and  if  the  purpose  of  valuation  be  actually  to  ascer- 
tain value,  it  ought  to  be  given  a  larger  valuation.  It  may  be  said 
that  there  is  no  logical  method  of  allowing  in  valuation  of  railways 
for  going  value  and  the  good  management  which  creates  it.  But 
the  Washington  Railroad  Commission  found  a  way  to  do  it.  Fur- 
thermore, it  is  notable  that  when  in  Michigan,  Texas,  and  New 
Jersey  valuations  were  made  as  a  basis  for  taxation  it  was  found 
possible  to  work  out  methods  for  computing  the  intangible,  or 
"going,"  values  of  the  railways,  and  that  they  were  taxed  on  these 
intangible  or  going  values.  It  is  rather  hard  to  understand  why  it 
is  so  easy  to  appraise  going  values  to  determine  what  [)ublic  utili- 
ties should  pay  to  tlie  pul^lic  in  taxes,  but  so  difficult  to  appraise 
them  to  determine  what  the  i)ul)lic  should  pay  to  the  public  utilities 
in  rates.  It  seems  highly  prol)ablc,  in  view  of  some  decisions  of  the 
courts  in  public  utility  cases,  that  if  the  question  ever  goes  up  to 
the  United  States  Supreme  Court  it  will  hold  that  an  allowance 
must  be  made  for  going  value.  Certainly,  if  no  allowance  is  to  be 
made  for  going  value  in  the  valuation  of  railways,  then  some  allow- 
ance should  be  made  for  it  in  determining  the  rate  of  return  to  1m? 
allowed  to  different  railways  on  their  mere  physical  valuations. 

One  of  the  most  interesting  of  the  questions  that  suggest  them- 
selves in  connection  with  the  valuation  of  railways  which  the  Inter- 
state Commerce  Commission  has  begim  is  whether,  when  it  is  done, 
it  will  justify  either  a  general  advance  or  a  general  reduction  of 
rates.  I  believe  that  that  question  can  be  answered  now  with  ap- 
proximate certainty. 

It  is  ordinarily  assumed  that  a  railway  or  other  public  utility 
which  has  been  aufl  is  managed  with  ordinary  jirudcnce  has  a  rii^ht 
to  earn  a  return  of  not  less  than  6%  on  a  fair  valuation.  The  Su- 
preme Court  in  the  Consolidated  Gas  Company  case  expressly  hold 

Vol.  XIX.,  No.  5 


Dunn — Public   Utilities  515 

that  that  company  might  receive  6%  on  its  valuation.  That  this 
return  is  very  moderate  may  be  shown  by  a  simple  illustration. 
Suppose  the  capitalization  and  fair  present  value  of  a  railway  were 
just  equal,  and  that  one-half  of  its  outstanding  capitalization  was 
funded  debt  and  one-half  stock.  In  that  case  if  it  earned  6% 
on  its  valuation  it  could  just  pay  4%  on  its  debt,  6%  on  its  stock 
and  have  left  1%  on  its  total  valuation  to  invest  in  permanent,  hui 
in  many  cases  unproductive,  improvements.  Would  anybody  ob- 
ject to  a  railway  company  being  allowed  to  earn  a  return  which 
would  barely  enable  it  to  do  that? 

Assuming-,  then,  that  on  the  average  the  railways  are  entitled 
to  earn  at  least  6%  on  a  fair  valuation,  the  question  arises,  on  what 
amount  would  their  present  net  operating  income  be  6%  ?  When 
we  have  ascertained  this  amount,  we  can  say  that  if  the  valuation 
exceeds  it,  it  will  show  that  the  railways  are,  on  the  average,  not 
earning  enough;  and  if  the  valuation  does  not  equal  it  that  the 
roads  are,  on  the  average,  earning  more  than  the  minimum  "fair 
return."  The  press  bulletin  of  the  Interstate  Commerce  ^Commis- 
sion, giving  preliminary  statistics  for  the  fiscal  year  1912  for  rail- 
ways earning  $100,000  gross  or  more,  show  that  in  that  year  the 
total  net  operating  income  of  these  railways — in  other  words,  the 
amount  of  earnings  which  they  had  left  after  paying  operating  ex- 
penses and  taxes — was  $755,869,486.  This  net  operating  income 
would  have  been  6%  on  only  $12,597,800,000,  or  on  $52,400  a  mile 
of  line.  Will  the  valuation,  then,  probably  amount  to  more  or  less 
than  $52,400  a  mile? 

The  only  figures  which  we  have  that  shed  any  light  on  this 
question  are  the  statistics  of  the  Interstate  Commerce  Commission 
regarding  the  capitalization  of  the  railways  and  their  reported  cost 
of  road  and  equipment,  and  the  statistics  regarding  the  results  of 
valuations  made  in  some  of  the  states.  The  net  capitalization  per 
mile  of  the  railways  in  1911  was  reported  by  the  Interstate  Com- 
merce Commission  as  $64,000.  As  is  well  known,  the  valuations  of 
railways  that  have  been  made  in  the  various  states  have  usually 
equaled  or  exceeded  the  net  capitalization  assignable  to  the  railways 
in  those  states.  The  average  cost  of  road  and  equipment  up  to 
June  30,  1912,  as  reported  to  the  Commission,  was  $66,100  a  mile. 
The  average  gross  capitalization  of  the  railways  in  that  year — 
namely,  their  capitalization  including  all  of  the  duplication  caused 
by  the  intercorporate  ownership  of  stocks  and  bonds — was  $81,300 
a  mile.  In  other  words,  the  amount  on  which  the  net  operating 
income  of  1912  would  have  amounted  to  a  return  of  6% — namely, 
$52,400  a  mile — was  35.5%  less  than  the  gross  capitalization  in  that 
year,  26.1%  less  than  the  reported  cost  of  road  and  equipment, 
and  22%  less  than  the  net  capitahzation  in  1911. 

In  spite  of  all  the  wild  talk  that  there  has  been  about  watered 
railway  capitalization,  is  there  an  engineer  or  a  student  of  railway 
history  and  economics  in  this  room,  or,  indeed,  an  engineer  or  stu- 
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(lent  of  railway  economics  in  the  United  States  who  really  believes 
that  the  valuation  of  our  railways  will  average  as  little  as  $52,400 
a  mile?  It  will  not  be  surprising  if  it  amounts  to  nearer  $75,000 
a  mile ;  and  if  it  does  not  amount  to  as  much  as  the  net  capitaliza- 
tion, which  in  1911  was  $64,000,  it  will  be  very  surprising.  Of 
course,  if  it  does  amount  to  either  of  these  figures,  or  to  anywhere 
near  either  of  them,  it  will  show  that  the  railways  are  not  and  have 
not  been  earning  6'/   on  a  fair  valuation. 

In  any  event,  it  appears  as  certain  as  any  future  thing  can  be 
that  those  who  advocated  a  valuation  of  railways  as  a  means  of 
preventing  advances  in  rates  or  even  bringing  about  a  reduction 
of  them,  are  going  to  be  utterly  disapix)inted.  By  the  same  token, 
it  appears  clear  that  the  managers  of  and  investors  in  our  railways, 
or  at  least  most  of  them,  may  look  forward  to  the  results  of  the 
valuation  with  much  ease  and  complacency,  if  not  positive  enthusi- 
asm. If  the  valuation  shall  be  used  merely  as  a  basis  for  the  regu- 
lation of  rates,  and  there  shall  be  no  reversal  of  past  decisions  of 
the  Supreme  Court  regarding  what  constitutes  a  fair  return,  the 
managers  and  investors  can,  it  would  seem,  rest  comfortable  in 
the  assurance  that  the  valuation  cannot  be  used  as  an  instrument 
for  reducing  their  net  earnings,  but  is  much  more  likely  to  prove 
a  means  of  securing  to  them  an  increase  in  net  earnings.  And  if 
the  valuation  should  be  used  as  a  basis  for  government  purchase, 
it  seems  very  unlikely  that  the  investors  would  lose  by  the  trans- 
action— whatever  might  be  the  consequences  to  the  taxpayers,  who 
would  have  to  furnish  the  money  for  the  purchase,  and  subsequently 
foot  the  bills  run  up  by  government  management ! 


Public  Utility  Regulation  From  the  Standpoint  of  the  Public  and 

the  Engineer. 

MaKOLD   ALMliUT.    .M.   W.  S.   li. 
INTRODUCTORY. 

When  the  program  committee  requested  me  to  take  part  in 
this  symposium,  the  subject  suggested  was  public  utility  regulation 
from  the  standpoint  of  the  engineer  who  is  making  a  study  of  public 
relations.  Later,  1  was  informed  that  the  eminent  chami>ion  of 
the  ])e()ple  who  was  to  discuss  this  same  subject  from  the  stand- 
ptjiiit  of  the  i)ul)lic  had  been  detained  at  W  ashiugton  ajid  would  be 
unable  to  appear  this  evening,  and  at  the  eleventh  lioiu'  1  was  noti- 
fied to  broaden  the  scope  of  my  paper  so  as  to  treat  the  subject  both 
from  the  standixjint  of  the  j^ublic  and  the  engineer. 

Upon  receipt  of  the  printed  notice  of  the  meeting,  I  find  that 
the  subject  assigned  to  me  is  Rate  Determination  of  Public  Utili- 
ties. This  latter  very  interesting  and  important  subject  1  would 
like  very  much  indeed  to  discuss,  but  would  not  dare  to  attempt  to 
cover  it  in  the  very  limited  time  allotted  to  me  here  this  evening  and. 

Vol.  XIX.,  No.  5 


I 


h 


Almert — Public   Utilities  517 

therefore,  with  your  permission,  I  will  discuss  the  subject  instead 
from  the  standpoint  of,  first  the  public,  and  second  the  engineer, 
touching  on  as  many  points  as  are  possible  in  the  short  time  at  my 
disposal. 

THE   PUBLIC. 

The  fact  that  nearly  forty  states  have  passed  laws  and  created 
public  utility  commissions  to  regulate  public  service  corporations 
and  the  further  fact  that  legislation  along  the  same  line 
is  pending  in  several  other  states  proves,  beyond  the  shadow 
of  a  doubt,  that  the  American  people  are  determined  upon  a  read- 
justment of  the  relations  existing  between  the  public  and  the  public 
service  corporations,  and  this  situation  constitutes  the  leading  po- 
litical issue  in  almost  every  state  in  the  Union,  and  throughout  most 
of  the  Provinces  of  Canada,  at  the  present  time. 

There  is  no  doubt  whatever  that  public  utility  corporations 
in  many  cities  have  been  guilty  of  grave  errors  in  the  past.  Some 
of  these  errors  have  been  committed  unknowingly,  and  others  know- 
ingly and  more  or  less  deliberately,  but  it  is  also  certain  that  among 
the  ranks  of  the  reformers  we  find  evidences  of  folly  and  of  preju- 
dice against  a  fair  adjustment  of  the  situation.  The  leading  cause 
of  the  intense  political  agitation  throughout  the  country  is  this  de- 
termination of  the  people  to  secure  a  readjustment  of  what  they 
believe,  for  want  of  accurate  knowledge  of  the  true  conditions,  to 
be  excessive  charges  for  service. 

This  situation  has,  no  doubt,  given  rise  to  the  adoption  of  the 
initiative,  the  referendum,  and  the  recall  in  some  states,  and  while 
I  have  no  fear  of  the  proper  use  of  these  tremendous  implements 
which  several  states  have  taken  into  their  hands,  we  must  fear  the 
reckless  abuse  of  them,  and  it  is  up  to  the  well-informed  and  quali- 
fied mediators  to  post  the  public  and  thereby  secure  a  satisfactory 
readjustment,  equitable  to  both  parties. 

In  an  address  delivered  by  Justice  Hughes,  while  governor  of 
the  State  of  New  York,  he  said:  "It  is  the  function  of  the  law  to 
define  and  punish  wrongdoing,  and  not  to  throttle  business.  In 
the  fields  of  industrial  activity  the  need  is  that  trade  shall  be  fair 
and  that  honest  industry,  obtaining  success  upon  its  merits,  shall 
not  be  put  under  prohibitions  which  mingle  innocent  and  guilty  in 
a  common  condemnation.  The  line  of  progress  lies  not  in  arbitrary 
action,  but  in  securing  suitable  publicity  and  supervision  and  by 
accurate  definition  of  wrongs  and  the  infliction  of  proper  punish- 
ment. The  processes  of  justice  may  be  slower  and  more  laborious, 
but  if  we  desert  the  lines  of  soberness  and  fair  play  to  get  quick 
results  through  arbitrary  interferences  with  trade,  we  shall  find 
that  such  short  cuts  lead  only  to  disaster.  In  our  progress  we  must 
seek  to  avoid  false  steps.  Ours  must  be  the  rule  of  reason,  clear- 
eyed,  calm,  patient  and  steadfast;  defeating  the  conspiracies  of 
intrigue  and  escaping  the  pitfalls  of  folly." 

The  great  majority  of  the  public  means  to  be  fair.     Unfortu- 
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natcly  this  is  not  true  with  all,  however;  therefore,  everyone  can- 
not be  satisfied,  and  there  will  always  be  a  certain  element  which 
will  have  a  complaint  to  make,  regardless  of  what  readjustment  is 
finally  made. 

In  the  i^ast,  and  even  now,  in  most  quarters,  the  i)ublic  has  never 
been  provided  with  accurate  data  regarding  investment  and  earn- 
ings of  the  public  utilities  serving  them,  and  where  they  have  se- 
cured any  figures  at  all,  they  have  generally  been  those  which  ap- 
pear either  in  the  rosy  prospectus  written  by  the  j^romoter,  which 
are  never  realized,  or  from  circulars  of  security  brokers,  which 
touch  only  lightly  on  past  and  present  earnings  and  deal  at  length 
and  lay  great  stress  on  expected  future  earnings,  due  to  improved 
equipment  or  economies  in  management,  or  both,  and  which  state- 
ments frequently  quote  surplus  earnings  before  or  without  making 
any  deductions  to  provide  for  maintenance,  renewals  or  deprecia- 
tion of  plant.  The  only  figures,  therefore,  which  have  been  available 
to  the  public  in  the  past  have  been  statements  designed  to  impress 
them  with  the  enormous  earning  possibilities  of  the  undertakings, 
with  the  hope  of  inducing  them  to  invest  in  the  securities,  and  these 
data,  while  truthfid  enough  on  their  face,  do  not  tell  the  whole 
story  of  the  cost  of  service.  Is  it  surprising,  then,  if  the  unin- 
formed or  misinformed  public  believe  that  the  profits  of  public 
service  corporations  are  enormous  and  the  rates  charged  for  service 
excessive? 

This  failure  on  the  part  of  the  utilities  to  take  the  public,  or 
their  elected  representatives,  into  their  confidence  and  provide  them 
with  complete  and  accurate  data  regarding  investment  and  earn- 
ings is,  no  doubt,  the  ])rimary  cause  for  the  recent  wholesale  legis- 
lation calling  for  the  regulation  of  utilities. 

Unfortunately  the  existence  of  agitators  and  reformers  who  are 
not  seeking  a  fair  readjustment  makes  the  ])osition  and  relations 
of  the  public,  the  commissions,  and  the  utilities  more  complicated, 
and  a  satisfactory  solution  more  difficult.  These  uninformed,  in- 
experienced, so-called  reformers  imagine  conditions  and  state  them 
as  facts,  and  make  such  unreasonable  demands  upon  the  utilities 
and  public  service  commissions  that  when  a  fair  ruling  by  the  com- 
mission is  made,  they  make  the  public  feel  that  the  commission  has 
granted  them  only  half  of  what  is  due  them,  or  even  go  so  far  as 
to  accuse  the  commission  of  being  owned  and  controlled  by  the 
utility  corporations. 

The  press,  which  is  a  moulder  of  public  opinion,  not  only  can, 
but  should  be  a  disseminator  of  facts  in  situations  of  this  kind, 
but,  strange  as  it  may  seem,  it  has  been  the  reverse,  and  generally 
is  a  disseminator  of  nn'sinformation ;  and  right  here  let  me  say  that 
T  don't  know  of  any  greater  service  which  the  daily  press  can  ren- 
der the  jniblic  than  to  stx^ure  an  imbiascd,  fullv  <iualificd  writer  with 
technical  training  to  collect  accurate  data  roi^arding  operations  and 
profits  of  iniblic  utilities  and  publish  them  in  simple  language,  so 
that  all  who  read  may  understand. 
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Such  information  would,  in  a  short  time,  clear  the  atmosphere 
and  be  a  big  step  in  the  right  direction,  and  would  be  a  powerful 
influence  in  counteracting  the  great  harm  which  is  being  done  by 
unscrupulous  agitators  and  reformers  with  ulterior  motives. 

The  public's  interest  in  this  whole  situation  can  be  summed  up 
in  a  very  few  words, — they  want  to  be,  and  have  a  right  to  be,  sat- 
isfied that  they  are  securing  good  and  adecjuate  service  at  reasonable 
rates. 

To  secure  unbiased  rulings  on  what  is  good  and  adequate  serv- 
ice and  what  are  reasonable  rates,  the  jurisdiction  must  be  removed 
beyond  the  influence  of  local  prejudices,  and  those  passing  judg- 
ment nnist  be  free  from  political  interferences  and  prevented  from 
using  their  office  as  stepping  stones  for  gratifying  political  aspira- 
tions. 

THE  COMMISSIONS. 

The  clamor  for  legislation  calling  for  inquiry  into  the  methods 
of  operation  and  the  restriction  of  profits  earned  by  public  service 
corporations  has  been  the  cause  of  the  passing  of  a  number  of  bills 
which  were  not  carefully  drawn  and  considered  before  passage,  and 
the  spreading  of  this  immature  or  ill-advised  legislation  on  the  stat- 
ute books  wifl,  no  doubt,  delay  a  speedy  and  satisfactory  readjust- 
ment in  some  states. 

Legislators  felt  keenly  the  need  of  some  such  legislation  and, 
having  little  or  no  knowledge  on  the  subject,  pursued  the  usual 
course  and  sent  for  copies  of  similar  bills  and  ordinances  passed  by 
other  states  and  cities,  and  from  these  extracted  such  parts  as 
seemed  to  fit  their  needs  and  then  added  such  other  thoughts  as 
came  to  their  minds,  and  then  rushed  the  bills  through,  believing 
that  the  details  and  satisfactory  solution  of  all  problems  which  might 
arise  would  be  satisfactorily  solved  by  the  commissions  thereby  cre- 
ated, little  dreaming  that  some  of  the  provisions  of  the  acts  abso- 
lutely tied  the  hands  of  the  commission  and  prevented  theirexercise 
of  judgment  in  various  matters  as  tliey  come  up. 

Not  infrequently  has  the  personnel  of  the  commissions  selected 
to  interpret  and  enforce  these  laws  been  made  up  of  men  who,  while 
good  citizens,  honest  and  upright  men,  have  not,  by  past  experience 
or  training,  the  faintest  conception  of  the  obligations  or  rights  of 
the  utilities  which  they  have  been  called  upon  to  regulate,  and  are 
equally  deficient  in  their  knowledge  of  whether  or  not  a  utility  under 
investigation  is  being  properly  and  economically  managed,  and  ren- 
dering adequate  service  at  reasonable  rates. 

If  the  men  selected  happen  to  be  broad-minded,  fair  and  intel- 
ligent, and  the  appropriations  passed  with  the  bills  adequate,  they 
usually  organize  and  surround  themselves  with  a  stafif  of  engineers, 
accountants,  attorneys  and  statisticians,  whose  duty  it  is  to  gather 
data  and  information  regarding  the  existing  conditions,  which  the 
commissioners  then  proceed  to  absorb. 

If  the  commission  is  fortunate  in  the  selection  of  its  technical 
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^taff,  and  the  data  and  deductions  submitted  by  its  specialists  are 
correct  and  unbiased,  it  is  indeed  fortunate,  but  if  the  reverse  is 
true,  the  situation  is  indeed  unfortunate  for  all  concerned,  and  it 
is  not  at  all  surprising  if  the  commissioners'  decisions  fail  to  give 
the  public  the  necessary  relief  or  happen  to  force  the  utility  under 
investigation  into  bankruptcy. 

Not  infrequently  have  commissioners  found,  after  posting  them- 
selves regarding  their  duties,  that  the  acts  creating  them  are  lack- 
ing in  many  res]:)ects  or  are  too  drastic  in  others,  so  much  so  that 
a  strict  enforcement  of  tlie  law  by  them  would  drive  every  public 
service  corporation  coming  under  their  jurisdiction  out  of  business. 

jVIany  of  the  commissioners  with  whom  I  have  come  in  contact, 
and  who  have  had  several  years  of  active  service,  have  admitted 
that  when  they  first  went  into  office  they  were  of  the  same  opinion 
as  the  average  private  citizen,  as  hereinbefore  stated ;  namely,  that 
the  earnings  of  all  public  utilities  were  enormous  and  that  a  reduc- 
tion of  25%  to  50*/r  in  the  existing  rates  would  work  no  serious 
hardship  on  the  utilities,  and  would  l)e  only  fair  to  the  public.  When 
their  staff  of  investigators,  therefore,  made  careful  and  elaborate 
reports  on  values  and  earnings  which  showed  only  nominal  profits, 
they  were  indeed  surprised  and  oftentimes  loath  to  accept  the  con- 
clusions of  their  investigators,  and  it  is  not  surprising,  therefore, 
that  when  actual  facts  regarding  valuations  and  earnings  are  pre- 
sented to  the  younger  commissions,  they  hesitate  to  accept  the  fig- 
ures as  facts,  and  seem  inclined  to  discount  the  truth,  and  it  is  only 
after  years  of  service,  when  they  are  fully  c|ualified  by  experience 
so  that  they  are  able  to  recognize  the  truth  when  they  see  it,  that 
real  progress  is  made. 

There  are,  however,  at  this  time  several  states  that  have  passed 
only  mature  legislation  and  that  have  competent  commissions,  fully 
cjualified  to  represent  the  interests  of  the  public  and  the  utility  alike, 
and  who  are  equipped  with  well  organized  technical  staffs,  supplied 
with  ample  appropriations  for  making  the  fullest  investigations  to 
insure  accurate  conclusions  These  commissions  are,  and  will  con- 
tinue to  be  a  blessing  to  all  concerned,  as  long  as  they  are  kept  free 
from  politics  and  the  ct)mmissioners  are  ])ermitted  to  continue  in 
office  so  long  as  they  render  good  and  efficient  service,  and  this  form 
of  regulation,  no  doubt,  is  the  most  effective  and  efficient  that  we 
know  of  today.  When  these  commissions  were  young,  they  were 
careful  not  to  draw  hasty  conclusions  and  render  ill-advised  de- 
cisions which  might  prove  disastrous,  but  rather  felt  their  way  until 
they  were  sure  that  they  were  competent  to  pass  judgment  on  any 
given  situation. 

Till-:  KNGINKKR — STITDENT  OF    IMUMJC   KRI.ATIONS. 

The  correct  solution  of  pro|)er  public  relatit)ns  is  a  complex 
(|uestion,  involving  a  mixture  of  engineering,  accounting,  law. 
finance,  and  knowledge  of  and  exercise  of  Ci>mmercial  and  executive 
ability.     The  (|iiestion  is  continually  arising, — who  is  best  qualified 
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to  get  at  the  real  facts?  The  courts  show  by  the  numerous  decis- 
ions which  have  been  handed  down  that  they  have  not  discovered 
the  underlying  principles,  and  while  they  do  their  level  best  in  each 
case  to  arrive  at  a  decision  which  is  fair  to  all  concerned,  the  lack 
of  uniformity  in  conclusions  shows  that  they  are  far  from  the  cor- 
rect, or  even  a  reasonably  satisfactory  solution  of  the  problem  con- 
fronting us. 

The  financier  who  furnishes  the  capital  and  takes  the  risks  is, 
of  course,  considered  biased,  and  his  views  on  what  is  a  fair  return 
are  not  likely  to  be  accepted  by  the  public.  The  lawyer,  by  the  very 
nature  of  the  case,  must  consider  solely  his  client's  viewpoint,  and 
becomes  a  special  pleader,  committed  by  duty  to  prejudice.  The 
accountant,  while  useful  in  analyzing  the  operations  of  the  past, 
lacks  the  training  and  experience  in  the  other  branches  of  the  ques- 
tion involved.  Who  is  there,  then,  that  is  qualified  and  most  likely 
to  be  able  to  collect  the  real  facts  and  submit  them  in  an  unbiased 
manner  to  the  courts  and  commissions  for  review  so  that  they  in 
turn  can  render  decisions  fair  and  equitable  to  both  parties? 

In  hearings  before  most  of  the  public  service  commissions  the 
rules  of  evidence  are  not  adhered  to  and  it  is  not  necessary  to  be 
an  attorney  of  record  in  the  case  to  examine  a  witness.  In  a  recent 
case,  when  the  lawyers  and  commissioners  were  hopelessly  involved 
in  a  mixture  of  accounting  and  engineering,  the  engineer  was  per- 
mitted to  take  the  witness,  and  by  a  few  carefully  directed  ques- 
tions was  soon  able  to  clear  the  atmosphere.  After  the  hearing  a 
learned  jurist  was  heard  to  say  that  the  engineer  with  training  in 
law  and  accounting  as  well  as  engineering  training  and  experience 
has  created  a  new  field  of  usefulness  that  is  bound  to  have  a  far- 
reaching  effect  and  be  invaluable  in  the  correct  solution  of  this 
problem  of  proper  public  relations. 

It  is  my  belief  that  upon  the  engineer  rests  the  responsibility, 
and  with  him  lies  the  capacity,  to  render  the  largest  public  service 
possible  at  this  time  of  any  citizen  in  setting  the  lawmakers'  and 
consumers'  fears  of  excessive  profits  at  rest,  and  also  aiding  in  se- 
curing the  right  for  the  public  utility  to  earn  a  fair  return,  all  haz- 
ards considered. 

A  prominent  educator  on  the  Pacific  Coast  in  an  address  a  year 
or  more  ago  stated  that — "In  order  that  engineers  may  render  the 
immense  public  service  which  the  times  demand,  it  is  not  sufficient 
for  them  to  possess  merely  professional  fitness ;  such  fitness  may 
fairly  be  assumed,  but  in  addition  to  this  the  crisis  demands  that 
the  engineer  shall  be  a  man  of  affairs,  versed  in  business  usages  to 
the  extent  of  being  an  efficient  engineer,  but  versed  also  in  eco- 
nomics and  the  history  of  American  political  reform.  The  helpful 
engineer  must  be  nothing  less  than  a  publicist ;  beyond  that  and 
above  all,  he  must,  in  order  to  do  his  great  work,  be  to  an  extent, 
required  of  no  other  professional  man  today,  a  man  of  known, 
unimpeachable  integrity.     When  you  come  to  the  very  crux  of  the 
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matter,  the  real  obstacle  in  the  pathway  of  his  helpfulness  to  the 
public  is  the  stumbling  block  of  doubt,  or  lack  of  conlidence  on  the 
part  of  the  people  in  his  incorruptibility.  I  do  not  question  that 
the  character  of  the  average  engineer  is  far  above  that  of  the  aver- 
age man  in  the  street ;  my  [)oint  is  that  he  nuist  have  an  extraordi- 
nary hold  ujxjn  the  people  in  order  to  warrant  their  confidence  at 
this  crisis  so  that  they  will  give  into  his  hands  the  solution  of  the 
obscure  and  complex  problems  with  which  he  alone  is  competent 
adequately  to  deal. 

The  very  nature  of  his  profession  should  make  possible  the  at- 
tainment of  extraordinarily  high  standard  of  character.  Take  his 
vocation,  if  you  please,  in  comparison  with  the  three  learned  pro- 
fessions, as  they  used  to  be  known.  The  physician  necessarily  jug- 
gles with  the  credulity  of  his  patient  and  plays  upon  his  foibles  in 
order  to  relieve  him  of  imaginary  ailments.  Thus  the  physician  is 
open  to  subtle  temptations  that  may  undermine  absolute  truthful- 
ness of  character.  The  lawyer  (as  1  have  already  stated)  is  by  the 
very  nature  of  his  case  committed  to  his  client's  point  of  view,  and 
by  duty  prejudiced.  Even  the  clergyman,  in  order  to  harmonize 
the  entire  body  of  scrij^tural  teaching,  is  in  danger  of  quibbling  with 
his  exegesis. 

It  is  for  the  engineer  to  seek  the  clear,  cold  truth  and  to  de- 
clare it  without  fear  or  favor. 

This  is  the  chief  glory  of  science,  high  priestess  of  our  mod- 
ern civilization.  If  he  fall  from  the  high  standard  of  truth,  it  is 
likely  to  be  not  by  virtue  of  these  subtle  temptations  that  beset  mem- 
bers of  other  professions,  but  from  those  that  arc  gross  and  palpable, 
amounting  to  sheer  corruption. 

When  the  American  people  attain  to  complete  confidence  in 
the  unimpeacha1)le  integrity  of  the  engineering  profession,  their 
\'ankee  common  sense  will  lead  them  to  turn  into  the  engineer's 
hands  as  a  commission  the  complicated  questions  involved  in  the 
readjustment  upon  which  they  are  determined,  and  then  this  read- 
justment can  be  wisely  accomplished  with  the  avoidance  of  that 
havoc  which  comes  from  ignorant  ])ungling  with  a  delicate  mech- 
anism. 

I  repeat,  therefore,  that  in  my  judgment,  upon  the  engineer 
rests  the  responsibilities,  and  with  him  lies  tiie  capacity  to  render 
the  largest  public  service  j>)ssii)le  of  any  class  of  /\nierican  citizens 
at  this  time. 

DISCUSSION. 

Onward  Bates,  im.  w.  s.  e.  (written)  :  It  was  tJie  writer's  mis- 
fortune that  he  could  not  attend  the  .Annual  Meeting  of  the  Society, 
and  hear  Dean  Cocjley  present  his  pa])er,  "h'actors  Determining  a 
Reasonable  Charge  for  Public  Utility  Service.'  lie  has  read  the 
pa])er  with  great  interest,  and  feels  that  it  is  worth  reading  several 
times.  His  present  knowledge  of  the  paper  is  not  sufficient  to  war- 
rant a  complete  discussion  of  it,  but  on  account  of  the  able  presen- 
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tation  of  the  subject,  and  its  special  interest  at  this  time,  he  feels 
impelled  to  submit  a  discussion  of  some  of  the  questions  involved. 
Such  a  paper  is  educational  in  its  nature.  If  the  author  is,  as  in 
this  case,  an  acknowledged  authority  on  the  subject,  the  engineers 
who  read  it,  and  who  have  not  made  a  special  study  of  the  subject, 
will  be  inclined  to  accept  the  author's  conclusions  as  final,  and  to 
apply  them  in  practice.  This  would  be  unfortunate,  for  the  "valua- 
tion" of  the  paper  will  not  be  complete  until  it  is  tested  in  the  prac- 
tical "valuation''  of  properties.  The  principles  applicable  to  the 
valuation  of  public  utilities  should  be  equally  applicable  to  the  valua- 
tion of  private  properties  of  like  nature.  The  hand  of  the  Govern- 
ment is  reaching  out  to  take  control,  not  only  of  the  business  of 
corporations  whose  right  to  do  business  is  based  on  a  public  grant, 
but  ©f  the  business  of  other  corporations  and  of  individuals ;  so 
the  distinction  between  public  and  private  utilities  is  lessening,  and 
under  a  system  of  paternalism  is  liable  to  disappear.  It  is,  therefore, 
not  simply  the  investor  in  a  public  utility  business  who  is  interested 
in  the  "factors  determining  a  reasonable  charge,"  for  the  results 
from  working  out  and  applying  these  factors  will  be  distributed  over 
the  whole  public,  and  every  individual  in  the  nation  has  an  interest 
in  them.  This  much  is  stated  to  indicate  the  importance  of  the 
subject. 

The  spirit  of  fairness  of  the  author  is  manifested  throughout 
his  paper.  This  is  noticeable  in  his  willingness  to  include  in  "De- 
preciation" such  unusual  contingencies  as  "the  wrecking  of  ma- 
chinery due  to  accident,  or  to  the  acts  of  God." 

The  author  puts  the  service  performed  and  the  reasonable 
charge  therefor  in  the  form  of  an  equation,  as  follows: 

"Fair  terms,  then,  means  fair  service,  or  the  best  possible  under 
the  conditions,  to  the  public  on  the  one  hand,  and  a  reasonable 
charge  for  that  service  to  the  corporation  on  the  other  hand.  They 
are,  or  should  be,  the  two  members  of  an  equation  which  are  equal 
to  each  other.  Like  an  equation,  given  the  service  demanded  and 
certain  other  factors  involved,  the  fair  rate,  or  the  reasonable  charge, 
can  be  readily  determined." 

The  equation  does  not  fit  the  case,  for  the  paper  is  mainly  de- 
voted to  explanations  of  the  methods  for  determining  the  second 
member  of  the  equation,  and  the  reader  must  content  himself  with 
the  simple  statement  that  after  establishing  the  second  member,  the 
first,  i.  e.,  "the  reasonable  charge,"  can  readily  be  determined.  In 
determining  the  second  member  of  the  equation,  the  service  de- 
manded is  a  given  or  an  assumed  factor,  and  the  burden  of  the 
paper  is  to  show  what  are  the  "certain  other  factors  involved," 
and  the  methods  for  their  determination. 

These  certain  other  factors  are  stated  by  the  author  to  be : 

First — Capital  Investment. 
Second — Operating  Expenses. 
Third — Depreciation  Fund. 
Fourth — Sinking  Fund. 
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Assuming  all  of  the  factors  which  enter  the  second  member  of 
the  equation  to  be  established,  how  can  the  first  member,  i.  e.,  "the 
fair  rate,  or  reasonable  charge."  be  readily  determined  ?  There 
is  no  explanation  of  this  ready  determination  of  the  fair  rate,  and 
the  only  method  which  occurs  to  the  writer  is  that  it  will  be  arbi- 
trarily written  in  by  the  public  utility  commission  or  other  authority 
designated  by  the  Government  to  regulate  utilities.  Different 
authorities  may  have  different  opinions  as  to  what  is  a  fair  rate, 
and  the  rate  fixed  by  the  authority  acting  in  a  particular  case  may 
be  quite  different  from  the  rate  fixed  in  a  similar  case  by  a  different 
authority.  Obviously,  unless  there  is  some  established  rule  for  fix- 
ing a  fair  rate,  the  first  member  of  the  equation  may  be  what  the 
authority  chooses  to  assume,  and  there  is  really  no  equality  bct\^een 
the  members  of  the  so-called  equation. 

The  difference  between  a  ])ublic  utility  and  a  private  one  seems 
to  be  that  the  former  has  not  the  right  to  make  as  much  money  as 
possible  out  of  the  business,  while  ihc  latter  enjoys  that  right.  Both 
the  public  and  the  private  utilities  are  in  a  greater  or  less  degree 
regulated  by  the  Government,  and  both  should  be  regulated.  Each 
of  us,  even  though  we  be  private  citizens  not  engaged  in  any  busi- 
ness, are  subject  to  Government  regulations  which  preserve  the 
rights  of  the  public.  If  the  Government  grants  to  a  utility  the 
monopoly  of  a  business,  it  assumes  the  duty  of  so  regulating  that 
business  that  it  cannot  impose  on  the  rights  of  the  public,  and  it  is 
without  doubt  necessary  that  it  shall  esta])lish  a  reasonable  rate 
which  the  utility  may  charge  the  public  for  the  service  rendered, 
and  to  require  a  satisfactory  performance.  The  Government  is 
also  bound  to  fix  a  rate  which  shall  not  deprive  the  owner  of  the 
profitable  use  of  his  property,  because  this  cannot  be  done  without 
due  process  of  law.  Consequently  a  reasonable  rate  for  a  public 
utility  must  be  one  which  affords  a  profit  on  the  investment  ap- 
pro.ximating  the  profit  which  may  reasonably  be  exjiected  from  the 
ordinary  investments  of  its  citizens.  It  further  appears  to  the  writer 
that  any  fi.xed  rate  for  a  public  or  a  private  utiHty  is  contrary  to 
l)ublic  policy,  for  the  reason  that  it  removes  from  the  owner  the 
incentive  to  earn  more  than  the  lixed  rate  and  thus  stands  in  the 
way  of  progress. 

In  fixing  reasonable  rates  there  must  be  taken  into  considera- 
tion the  different  characters  of  utilities.  Some  of  these  are  mo- 
nopolies, some  are  not.  A  gas  company  may  be  a  moni^poly,  while 
a  railway  is  usually  not  a  monojioly.  Railway  rates  cannot  be  de- 
termined from  a  physical  valuation  :  this  has  been  .so  often  demon- 
strated that  it  is  unnecessary  to  state  here  more  than  a  mere  men- 
tion of  the  fact.  Yet  lx)th  the  gas  company  and  the  railway  com- 
pany under  their  contractual  relations  with  the  public  must  continue 
in  business,  and  it  is  imperative  that  reasonable  rates  shall  be  such 
as  will  permit  them  to  exist,  and  to  furnish  the  service  for  which 
they  exist.     The  only  alternative  is  Government  ownership,  which 
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may  be  readily  acquired  by  forcing  receiverships,  and  imposing  re- 
strictions until  the  Government  comes  into  complete  control. 

The  writer  wishes  to  add,  for  the  consideration  of  engineers,  a 
fifth  factor  which  is  involved  in  the  determination  of  the  second 
member  of  the  equation,  that  is  to  say,  a  factor  which  should  be 
taken  into  account  in  estimating  the  cost  of  service  performed, 
to-wit : 

Fifth,  Investor's  Risk. 

No  sane  man  would  invest  his  capital  without  considering  the 
risk  of  the  enterprise.  The  greater  the  risk,  the  larger  the  returns 
which  may  properly  be  expected  on  the  investment.  It  is,  in  the 
writer's  belief,  not  uncommon  for  wholesale  grocers,  contractors, 
farmers  and  other  classes  of  our  citizens,  to  make  in  a  single  year 
as  much  as  50%  upon  their  investments.  Sometimes,  indeed,  unless 
very  large  returns  are  made  in  one  year,  to  average  with  the  lean 
years,  the  business  cannot  exist.  Take  the  case  of  a  railroad  con- 
tractor. The  work,  which  in  a  good  season  and  under  favorable 
conditions  would  cost  him,  say,  15c  per  yard  for  excavation,  might 
under  bad  conditions  of  weather  and  other  contributory  causes  cost 
him  30c  per  yard.  He  may  have  a  contract  with  what  he  considered 
fair  prices,  and  end  it  with  heavy  losses,  and  it  is  not  likely  that 
he  was  able  to  base  his  contract  prices  on  the  assumption  of  a  com- 
bination of  unfavorable  conditions.  If  the  profits  are  to  be  meas- 
ured, it  is  the  average  yearly  profits  which  should  be  considered. 

Before  the  investor  can  determine  whether  he  will  take  the 
lisk  of  investing  in  a  regulated  business,  he  must  know  the  first 
member  of  the  equation,  the  return  which  he  may  expect  to  re- 
ceive from  the  investment.  Even  after  he  knows  the  rate  which  is 
ofifered  for  the  service,  he  must  add  to  the  factors  mentioned  by 
the  author  the  risks  to  be  encountered  in  the  business,  and  which 
may  financially  wreck  him  if  they  are  not  covered  in  the  "reasonable 
rate." 

Perhaps  the  chief  of  such  risks  is  the  widely  spread  prejudice 
existing  against  corporations  and  aggregations  of  capital.  The  in- 
vestor faces  the  fact  that  a  regulated  business  is  regarded  in  a  dif- 
ferent way  from  one  which  is  not  regulated.  The  regulated  busi- 
ness is  expected  to  have  a  code  of  morals  and  a  measure  of  efficiency 
superior  to  what  is  required  in  a  private  business,  or  in  business 
conducted  by  the  Government.  It  must  be  morally  perfect,  and  it 
must  have  100%  efficiency.  It  will  be  showered  with  stones  thrown 
by  people  who  live  in  glass  houses.  No  allowance  will  be  made  for 
human  imperfections,  and  individual  instances  of  wrong  will  not 
be  punished  by  disciplining  the  persons  responsible  for  them,  but 
vengeance  will  be  wreaked  on  the  investor.  This  is  an  inopportune 
time  for  the  discussion  of  valuation  of  utility  properties.  The  mind 
of  the  public  is  inflamed  by  the  recital  of  wrongs  committed  in  the 
past  by  corporations  and  their  employes,  and  the  public  mood  is 
decidedly  antagonistic.    A  man  may  become  famous  by  making  the 
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assertion  that  the  railroads  waste  a  miUion  dollars  a  day.  At  the 
same  time,  the  public  will  be  indifferent  to  the  statement  of  a  Sena- 
tor that  the  National  Government,  in  the  conduct  of  Government 
business,  wastes  three  hundred  million  dollars  per  year,  or  the  state- 
ment of  an  economist  that  the  farmer  ought  to  raise  two  bushels 
of  wheat  on  the  same  area  of  ground  which  now  produces  one 
l)ushel.  The  politicians  are  (|uick  to  take  advantage  of  this  state 
of  affairs  to  further  their  political  ends,  and  bills,  hundreds  in  num- 
ber, are  introduced  in  legislative  bodies  for  the  regulation  of  cor- 
porations. Some  of  these  bills  are  in  good  faith,  some  in  bad  faith, 
some  have  points  of  merit  in  them,  others  are  utterly  foolish,  and 
still  others  are  iniquitous  in  their  nature. 

The  public  mind  is  fickle  and  subject  to  fre(|uent  change.  A 
favorable  change  recently  appeared  to  be  in  sight,  when  new  exix)s- 
ures  of  irregularities  in  the  management  of  railways  turned  the 
current  of  public  opinion  backward,  and  many  well-disjKJsed  and 
intelligent  people  are  now  willing  to  believe  there  is  nothing  but 
evil  in  corporate  management.  If  "regulation"  could  be  confined 
within  its  i^resent  limits  for  a  period,  giving  the  public  time  for 
reflection  and  for  cooling  off,  it  might  come  into  a  reasonable  frame 
of  mind,  which  is  a  necessary  factor  in  establishing  reasonable  rates. 
It  might  learn  that  the  owners  of  utilities  are  the  same  sort  of 
people  as  those  engaged  in  ordinary  business,  and  rank  neither  bet- 
ter nor  worse  than  the  average  run  of  citizens,  including  those  who 
are  in  Government  service.  It  might  consider  that  some  men  go 
wrong  in  every  walk  of  life  and  that  the  proportion  of  such  is  not 
greater  among  those  employed  by  corporations  than  with  those  in 
other  occupations.  It  might  learn  that  the  way  to  combat  evil  is 
to  inmish  the  individual  transgressors,  and  that  the  remedy  does  not 
consist  in  writing  new  laws  on  the  statute  books  for  the  purpose 
of  regulating  corj)orations  in  such  a  manner  that  employes  will  not 
have  the  opportunity  of  going  wrong.  In  general,  the  public  might 
learn  that  oppressive  legislation  will  not  establish  a  standard  of 
morality  and  efficiency  above  the  average  which  exists  in  the  com- 
nuuiity.  And  finally,  the  public  might  realize  the  foregone  con- 
clusion, that  the  present  hard  times  are,  to  a  great  extent,  due  to 
the  oppressive  policy  of  the  public,  as  exhibitecl  through  its  public 
servants,  which  retards  the  use  of  money  in  enterprises  that  would 
benefit  every  citizen. 

One  of  the  j^rincipal  grievances  which  the  public  holds  against 
corporations  is  the  evil  deeds  of  corporate  servants.  Reference 
to  the  names  "New  Haven"  and  "Frisco"  is  sufficient  to  condemn 
the  whole  system  of  railw'ay  transportation.  Who  is  to  be  pun- 
ished? The  investors,  of  course.  What  is  the  natural  result? 
The  railway  system  of  the  country  attacked  and  crippled,  and 
the  nation  suffers.  As  to  the  investors,  who  arc  they?  The  an- 
swer is,  most  of  them  arc  citizens,  harmless  jicople,  as  a  rule.  In 
the  following  statement  the  writer  depends  on  his  memory,  which 
may  be  at   fault,  but  if  corrected  to  actual  figures,  the  lesson  will 
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be  the  same.  The  Pennsylvania  Raihoad  Corporations  have  in 
round  numbers  98,000  stockholders,  and  nearly  half  of  this  number 
are  women.  This  proportion  is  probably  larger  than  in  other  rail- 
way  corporations.  Nov^  suppose  a  P.  R.  R.  officer  or  employe  be- 
comes a  rascal  and  performs  wicked  and  scandalous  acts.  Who 
suffers?  The  public,  of  course,  suft'ers,  but  what  of  the  stockhold- 
ers ?  The  investor  in  P.  R.  R.  stock  suffers,  first  as  one  of  the 
public,  and  next,  and  probably  in  a  much  greater  degree,  in  the 
loss  of  returns  on  the  investment  and  in  its  depreciated  selling  value. 
Nothing  personal  is  meant  in  the  above  reference  to  the  P.  R.  R.  It 
is  only  used  for  illustration. 

It  is  not  probable  that  investors  wilfully  choose  corporation 
servants  for  the  purpose  of  robbing  them  and  the  public.  It  is  their 
misfortune  and  not  their  fault.  Such  things  can  and  do  happen, 
and  thus  become  a  factor  to  be  considered  in  making  a  reasonable 
rate.  The  investor  does  not  intend  to  burn  the  house  he  owns  and 
lives  in,  nor  does  he  expect  someone  else  to  burn  it.  Nevertheless, 
it  may  burn,  and  he  properly  covers  the  risk  by  taking  fire  insur- 
ance. If  he  has  a  private  utility  as  well  as  a  public  one,  he  doubt- 
less carries  on  his  private  utility  books  a  reserve  for  bad  debts  or 
doubtful  accounts.  Every  business  man  must  take  precautions 
against  loss  from  risks  beyond  his  control,  and  a  "reasonable  rate" 
for  public  utility  service  should  have  a  margin  to  cover  the  risks 
of  every  nature  which  are  incidental  to  the  business,  including  the 
risk  of  losses  through  the  dishonesty  of  its  servants. 

There  are  different  kinds  of  utilities.  With  some  it  may  be 
possible  to  establish  a  close  relation  between  physical  cost  and  rea- 
sonable rate  for  service  sold.  With  others  this  is  impossible.  It  is 
difficult  to  discriminate  between  one  utility  and  another  utility. 
They  range  through  water,  gas,  electric  and  transportation  proper- 
ties, industrial  plants,  banks,  etc.,  and  if  public  regulation  is  the 
test  of  what  is  a  public  utility,  we  may  expect  to  see  the  term  in- 
clude every  line  of  legitimate  human  industry.  Even  the  engineers 
will  not  be  exempt,  for  when  the  time  comes  which  many  engineers 
are  striving  for,  .that  engineers  shall  be  licensed  to  do  their  work, 
each  engineer  will  automatically  become  a  public  utility,  and  after 
allowance  has  been  made  for  his  natural  and  functional  deprecia- 
tion his  "reasonable  rate"'  will  be  established. 

The  writer  takes  exception  to  the  common  belief  of  the  public 
quoted  by  Dean  Cooley  (page  13,  January  Journ.\l)  that  a  "utility 
property  should  not  be  permitted  to  earn  on  more  than  the  so- 
called  present  value  of  its  physical  elements,  that  is,  their  cost  new, 
less  depreciation,  say,  80%  of  the  cost  new  or  less."  There  are 
some  advantages  in  having  a  known  cost  of  the  utility  proi>erty 
under  consideration,  but  the  interest  of  the  public  is  in  the  service 
rendered  rather  than  in  the  present  value  of  the  utility. 

It  may  be  true  that  a  comparatively  new  property  has  on  the 
basis  of  reproduction  cost  been  depreciated  until  only  80%  of  cost 
is  represented.     On  the  other  hand,  it  may  be  equally  true  that  a 
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public  utility  property,  new,  may  have  only  80%  of  effi- 
ciency, when  regarded  from  the  standpoint  of  service,  and  that  the 
percentage  may  be  increased  to  ](X)%  when  the  utility  has  come 
down  to  its  bearings.  For  instance,  a  seasoned  railway  grade  is 
better  than  a  new  one.  Engineers  are  not  likely  to  dispute  this 
statement.  Machinery  may  run  with  less  friction  and  be  more  effi- 
cient for  service  after  a  period  of  use  than  at  the  time  it  was  first 
started  in  operation. 

When  the  right  to  regulate  a  business  is  acknowledged,  it  sig- 
nifies that  a  contract  relation  exists  between  the  party  who  sells 
and  the  party  who  buys.  The  only  fair  bargain  is  one  which  bene- 
fits both  parties.  To  make  any  form  of  e(|uation  representing  what 
a  party  may  supply,  and  what  is  a  reasonable  charge  for  it,  both 
parties  must  be  on  equality,  and  this  condition  will  not  prevail  un- 
less both  parties  are  ecjually  regulated.  If  the  party  who  sells  must 
submit  to  the  "reasonalole  charge"  which  is  fixed  by  the  other  party, 
and  must  conduct  his  business  to  the  satisfaction  of  the  other  party, 
then  the  other  party  should  not  only  name  the  reasonable  charge, 
but  should  guarantee  it.  This  is  so  plain  as  not  to  need  an  argu- 
ment to  support  it.  These  conditions  do  not  now  exist,  and  it  be- 
hooves engineers  to  be  careful,  lest  in  their  zeal  to  convert  a  great 
economic  question  into  an  engineer's  problem,  they  aggravate  the 
already  unbalanced  "equation." 

John  11'.  Alvord,  m.  w.  .s.  e.  :  T  think  we  have  been  particu- 
larly fortunate  tonight  in  listening  to  these  very  excellent  papers.  I 
do  not  know  that  I  can  say  as  much,  as  that  for  all  the  literature 
that  is  now  being  poured  forth  so  voluminously  in  our  technical 
societies ;  but  I  have  certainly  listened  with  a  great  deal  of  interest 
and  profit  to  the  ])a])ers  these  gentlemen  have  given  us  tonight.  In 
the  matter  of  public  utility  valuation,  we  are  going  through  a  pe- 
riod of  a  good  deal  of  confu.sion  just  at  this  time.  Many  students 
of  the  subject  are  venturing  opinions  who  perhaps  need  study  more 
than  they  need  utterance,  and  some  of  the  more  experienced  minds 
are  not  doing  all  that  ought  to  be  done  to  disseminate  correct  ideas. 
Necessarily,  however,  we  must  go  through  a  good  deal  of  argu- 
ment and  pul)lic  discussion,  because  we  must  ventilate  our  ideas 
in  order  that  they  may  be  upset  if  they  are  wrong. 

y\lK)ut  fifteen  or  sixteen  years  ago  the  first  water  works  fran- 
chises began  to  expire  in  (his  ])art  of  the  country,  and  water  works 
engineers  were  suddenly  thrust  into  the  work  of  appraising  these 
])roperties.  We  had  few  precedents  those  days,  few  court  decis- 
ions, no  lx)oks  on  the  subject,  and  valuation  was  not  much  discussed. 
The  early  work  was  almost  all  done  by  apj^raisal  boards.  We  had 
to  get  together  and  argue  with  each  other  until  someone  gave  in. 
Reason  was  the  only  guide,  and  these  early  apjiraisal  boanls  were 
most  valuable  schools  for  adjusting  our  thought  to  the  op|iosing 
ivtiiit  of  view.  Little  by  little  we  fornudated  nieth<»ds  and  pro- 
cedure. A  little  later,  rate  cases  came  along,  and  we  had  to  ap- 
pear before  the  courts  and  undergo  the  illuminating  jirtx'csses  of 
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cross-examination,  and  here  again  it  was  found  that  we  had  to  pro- 
duce a  reason  for  every  step.  By  and  by  the  electric  Hght  people 
wtoke  up  to  the  fact  that  they  must  be  regulated,  and  a  little  later 
the  gas  interests,  and  now,  this  last  year  or  so,  the  railroad  people ; 
and  it  is  safe,  I  suppose,  to  say  that  from  now  on  about  a  billion 
dollars'  worth  of  public  utility  property  a  year  will  be  appraised  for 
at  least  the  next  five  or  eight  or  ten  years, — a  very  large  undertak- 
ing and  a  very  difficult  one. 

Possibly  I  may  interest  you  tonight  by  noting  some  of  the  sa- 
lient points  of  the  discussion  that  is  now  going  on.  You  will  notice 
a  great  deal  of  difference  of  opinion  that  seems  to  be  very  confus- 
ing when  it  is  not  analyzed.  It  arises  from  a  very  simple  matter. 
The  fact  is,  we  are  not  yet  agreed  as  to  what  it  is  we  are  apprais- 
ing,— a  property  which  may  grow  and  expand  with  the  population 
needing  its  service,  or  a  past  investment  of  actual  cash.  Of  course, 
not  having  made  up  our  minds  definitely  on  that  fundamental  mat- 
ter, we  get  into  a  great  deal  of  trouble  in  trying  to  discuss  details. 
That  is  why,  just  now,  there  is  so  much  confusion  of  thought  in 
our  technical  literature  on  this  subject.  The  discussion  of  details 
is  attempted  by  people  who  have  not  found  out  clearly  and  funda- 
mentally what  they  are  trying  to  do. 

From  this  state  of  affairs  there  arises  two  schools  of  thought, 
differing  in  this  lack  of  fundamental  agreement.  The  followers  of 
one  school  come  to  the  appraisal  of  a  property  with  the  viewpoint 
that  they  are  to  trace  out  an  actual  investment ;  that  they  must  only 
search  out  the  actual  dollars  that  have  gone  into  a  property ;  that 
they  must  not  allow  any  so-called  unearned  increment ;  that  prop- 
erty devoted  to  public  use  is  not  entitled  to  grow  in  the  way  that 
other  ordinary  private  property  grows,  and  that  so  soon  as  a  pri- 
vate property  is  devoted  to  public  use,  only  the  actual  past  cost  of 
it  can  ever  be  allowed  as  the  sum  upon  which  rates  may  be  col- 
lected. Some  of  the  extremists  of  this  class  will  even  plead  not 
only  to  confine  this  sum  to  the  actual  dollars  which  have  gone  into 
a  property,  but  contend  that  from  this  should  be  taken  off  the  de- 
preciation. 

The  other  school  of  thought  which  comes  to  this  problem  comes 
to  it  with  the  idea  that  private  property  devoted  to  the  public  use 
is  entitled  to  be  treated  just  the  same  as  any  other  private  prop- 
erty so  far  as  its  rights  of  growth  and  protection  are  concerned, 
the  only  difference  being  that,  being  devoted  to  the  public  use,  it 
is  subject  to  the  right  of  the  public  to  have  no  exorbitant  guins' 
made  upon  it.  Such  property,  therefore,  may  grow  in  ways  which 
are  not  represented  by  actual  investment  of  actual  money ;  it  may 
have  accretions  due  to  the  growth  of  the  community  round  about 
it,  or  due  to  the  increasing  value  of  its  land,  or  due  to  a  number 
of  other  ways  in  which  any  private  property  may  grow  in  a  com- 
munity where  property  is  protected. 

Now,  if  you  will  analyze  a  good  deal  of  the  literature  that  is 
being  put  out  on  this  subject  of  valuation,  you  will  see  at  once  to 
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which  class  of  minds  the  authors  belong,  because  sooner  or  later 
you  will  detect  in  what  they  write  something  which  will  convict 
them  of  one  or  the  other  of  these  two  points  of  view,  and  1  might 
say  that,  so  far  as  my  experience  goes,  fully  one-half  the  time  of 
our  courts,  our  commissions,  and  our  lawyers  is  taken  up  with  the 
presentation  of  claims  from  one  or  the  other  of  these  two  views  of 
the  tlieory  of  public  utility  values,  and  if  we  could  only  accomplish 
the  elimination  of  this  difference  of  opinion,  we  would  quickly  intro- 
duce greater  simplicity  into  the  discussion  of  our  valuation  problem. 

Now,  curiously  enough,  this  whole  controversy  has  been  settled, 
and  it  has  been  settled  autlioritatively,  that  is,  by  the  Constitution 
of  the  United  States,  as  interpreted  by  the  Supreme  Court  of  the 
United  States.  One  of  our  speakers  has  alluded  to  the  fact  that 
for  the  law  of  this  subject  we  go  jjack  fundamentally  to  the  two 
amendments  to  the  Constitution,  the  fourteenth  and  the  hfth,  which 
provide  that  private  property  shall  not  be  taken  for  public  use  with- 
out just  compensation,  and,  as  he  has  very  well  said,  that  may  be 
done  in  insidious  ways  as  well  as  directly. 

I  might  dwell  for  a  minute,  if  I  am  not  wearying  you,  upon 
some  other  difficulties  which  we  meet  in  studying  this  appraisement 
])roblem.  In  the  first  place,  very  largely,  of  course,  it  is  an  engineer- 
ing proposition.  The  great  bulk  of  the  work  and  the  great  bulk 
of  the  thought  in  any  valuation  matter  is  along  engineering  lines, 
but  the  fundamental  principles  of  appraisal  work  rest  in  the  law, 
and,  as  engineers,  we  are  in  great  danger  of  trying  to  acquire  our 
engineering  appraisal  knowledge  without  beginning  with  a  knowl- 
edge of  the  fundamental  principles  that  rest  in  the  law.  The  law 
must  describe  to  us  what  it  is  that  we  are  to  a[)])raise.  In  ques- 
tions of  the  definition  of  "property"  and  the  definition  of  "value," 
we  must  look  to  the  legal  fraternity,  because  they  have  been  giving 
such  matters  thought  for  many  years,  and  have  come  to  definite" 
conclusions  about  the  justice  of  these  things,  and  their  ideas  are 
embodied  in  our  laws. 

But  the  work  of  utility  valuation  really  rests  in  three  lines  of 
endeavor, — the  law  as  a  foundation,  witli  its  fundamental  concep- 
tions of  property  and  value;  engineering  as  a  superstructure,  with 
its  knowledge  of  how  to  deal  with  the  laws  of  nature,  and  the  con- 
servation of  capital  in  ui)l)uil(ling  and  operating  such  properties, 
and,  third,  in  the  methods  of  thought  of  the  economist  and  the  finan- 
cier, who,  we  must  recogjiize,  knows  more  about  the  i)reliminary 
operations  of  financing  ventures  of  this  kind  and  of  the  larger  ques- 
tions of  practical  return  than  does  the  average  engineer.  Reall)',  what 
we  need  to  remember  is  that  this  valuation  problem  is  a  co-operative 
work,  in  which  we  engineers  furnish  only  a  part  of  the  necessary 
brains  and  a  part  of  the  necessary  practical  experience  that  nnist 
l)e  brought  to  bear  on  the  subject. 

The  average  business  man  k^oks  with  a  great  deal  of  dissatis- 
faction and  a  great  deal  of  impatience  on  all  this  ap|)raisal  business, 
i'he  largest  buyer  of  public  utility  properties  that   1  know  does  not 
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wsant  any  replacement  value  at  all  on  the  properties  he  buys.  What 
he  wants  to  know  is,  what  are  the  industries  of  the  town,  and  how 
many  people  there  are  there,  whether  they  are  progressive  people, 
whether  the  service  that  a  plant  can  render  is  needed,  and  whether 
it  is  likely  to  be  interfered  with  by  competition ;  whether  the  town 
is  going-  to  grow,  and  whether  he  can  improve  the  service,  and 
whether  he  can  econbmize  in  operating  it,  or  combine  it  with  other 
plants  in  such  a  way  that  he  can  make  it  more  efficient.  Those 
are  the  things  that  interest  the  business  man,  and  this  thing  of 
beginning  to  estimate  the  cost  of  the  rails  and  the  ties  or  the  pipes 
or  the  pumps  looks  to  him  like  beginning  at  the  wrong  end  and,  in 
fact,  trivial,  and  it  is  trivial,  in  a  sense,  when  we  stop  to  think  of 
it.  The  only  reason  that  we  are  driven  back  into  that  method  of 
reasoning  lies  in  the  dilemma  that  has  been  well  brought  out  in 
one  of  the  papers  presented  this  evening,  that  when  rates  depend 
on  value  and  value  depends  on  rates,  you  cannot  reason  from  rates 
directly  to  value  by  capitalization  of  rates ;  but,  nevertheless,  when 
you  have  a  physical  property  which  intervenes  you  can  do  so  indi- 
rectly, because  through  the  intervention  of  the  physical  property 
your  rates  only  in  part  depend  on  value  and  your  value  only  in  part 
depends  on  rates,  and  by  a  process  of  cut-and-try  you  can  find  that 
rate  which,  in  combination  with  plant  value,  justly  goes  with  any 
given  total  value. 

So,  by  reason  of  this  curious  kind  of  a  problem,  we  are  driven 
into  taking  up  the  physical  property  first,  and  begin  with  the  petty 
things  and  little  things  instead  of  the  really  big  things,  and  that 
is  what  looks  so  foolish  to  the  business  man.  I  might  illustrate  this 
somewhat  better,  but  still  in  a  crude  kind  of  a  way,  by  an  illustra- 
tion which  I  used  before  the  Indiana  Sanitary  Association  the  other 
day  when  they  asked  me  to  talk  about  valuation  work. 

Take  a  farmer  who  is  going  to  buy  a  horse.  The  process  of 
mind  that  he  goes  through  when  he  is  going  to  value  a  horse  for 
purchase  would  be  about  like  this :  he  thinks  over  the  value  of  all 
the  various  kinds  of  horses  that  he  has  known  to  be  bought  and  sold 
recently,  and  he  notes  what  kind  of  a  horse  he  wants  and  about  how 
much  it  can  earn,  and  then  he  makes  up  his  mind  the  highest  price 
he  will  give  for  a  horse  of  that  particular  kind ;  then  he  goes  out 
and  tries  to  find  a  willing  seller,  and  when  he  finds  him  they  get  to- 
gether and  make  a  trade  and  the  value  of  the  horse  is  fixed.  But 
suppose  they  were  going  to  value  that  horse  according  to  the  meth- 
ods of  the  utility  commissions !  The  first  thing  they  would  do  would 
be  to  take  his  shoes  oflf  and  weigh  them  to  find  out  how  much  iron 
there  was  in  them  and  allow  them  about  so  much  for  the  market 
price  of  horse  shoes ;  then  they  would  compute  the  glue  in  the  hoofs, 
and  then  measure  up  the  hide  and  the  hair,  and  they  would  get  at 
the  residue  and  the  bone  and  the  fertilizer,  and  all  of  a  sudden,  you 
know,  they  would  discover  that  they  were  appraising  a  dead  horse. 
(Laughter  and  applause.)  Then  they  would  sit  down  and  puzzle 
around  to  find  the  diflference  between  a  dead  horse  and  a  live  horse. 
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'Jliey  have  got  to  follow  out  the  reproduction  along  that  line.  There 
is  no  escape  for  them  logically.  They  have  built  up  their  horse  to 
the  point  where  he  is  only  just  dead,  and  they  must  oxygenate  him 
in  some  way  into  a  live  horse,  and  there  they  find  real  trouble.  The 
courts  have  seemed  to  think  that  this  reproduction  method  was  a 
simple  thing,  because  you  take  so  many  pounds  of  rails  and  so  many 
ties,  at  so  much,  and  figure  them  up,  and  those  are  all  facts,  but  the 
truth  is  that  the  hyix)thetical  reproduction  of  a  utility  property,  in  a 
manner  that  is  humanly  possible,  is  one  of  the  most  complex  con- 
ceptual processes  that  the  engineer  is  called  upon  to  perform,  and 
anyone  who  thinks  of  it  as  simple  has  singularly  misconceived  the 
problem.  The  estimator  must  review,  step  by  step,  what  he  would 
actually  have  to  flo  if  he  were  actually  resj)onsible  as  an  engineer 
for  the  building  up  of  such  a  property,  and  when  he  gets  the  struc- 
tures and  mechanism  all  completed,  in  his  mind,  he  has  got  to  find 
out  what  it  would  cost,  further,  to  finance  that  physical  property 
onto  an  income-paying  basis,  and  that  is  what  we  call  going  value. 
That  is  where  our  dead  horse  would  have  to  be  financed  up  to  the 
level  of  a  live  horse. 

But  there  is  more  to  this  valuation  work  than  this,  although 
none  of  our  commissions  have  gone  very  much  further  than  this. 
If  they  only  get  at  the  reduplication  of  a  live  horse  they  are  so 
gratified  with  that  successful  financial  effort  that  they  generally  stop 
there.  But  the  question  that  really  comes  u])  after  that  is,  is  it  a 
race  horse  or  a  cart  horse,  a  carriage  horse,  or  a  jackass?  Few  ap- 
praisers speculate  much  on  this  further  proposition.  In  other  words, 
aside  from  the  fact  that  properties  are  going  and  earning  returns, 
they  have  very  variable  values.  They  have  been  wisely  built  up 
and  administered  in  some  cases,  and  poorly  handled  in  other  cases. 
The  original  investment  was  sound  in  some  cities,  and  unsound  in 
others.  The  business  man  looks  at  these  things  first  of  all.  He 
wants  to  know  which  of  a  pick  of  properties  are  the  race  horses, 
and  he  is  going  to  select  those  to  buy  if  he  can  buy  them  to  advan- 
tage. But,  up  to  date,  we  have  no  way  by  which  we  can  impress  the 
commissions  or  the  courts  with  the  fact  that  some  of  these  properties 
arc  race  horses  and  other  properties  are  onlv  jackasses.  When  we 
begin  to  talk  about  a  prosperous  and  well-managed  pmpcrty  they 
say:  "You  are  booming  the  prices,  vou  are  sjicculating  on  intangible 
things."  In  fact,  we  have  strained  most  of  our  commissions  seriously 
when  we  get  them  to  concede  that  going  value  is  a  vital  clement  and 
an  important  element,  and  they  have  to  stop  there  atid  draw  breath. 

So  the  next  important  work  we  have  to  do  as  engineers 
seeking  the  just  relation  between  the  public  and  the  utility  jirop- 
erty,  is  to  find  intelligent  ways  to  demonstrate  the  fact  that 
properties  are  not  all  on  the  dead  level ;  that  some  of  them  are 
j^rosperous.  largely  because  of  good  management  in  the  past; 
that  others  have  only  just  managed  to  struggle  along  with  poor 
beginnings  and  barely  kept  on  their  feet.  T  do  not  know  of  any 
work  that  is  more  interesting  just  at  this  time  wdien  so  many 
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new  utility  commissions  have  been  created  and  are  seeking 
knowledge  and  light  on  these  subjects,  than  in  aiding  them  in- 
telligently to  see  the  just  relations  of  these  propositions  from  all 
points  of  view,  and  it  is  going  to  be  a  matter  of  some  years  of 
thought  and  study  on  the  part  of  all  these  new  commissions  to 
catch  up  with  the  progress  of  thought  which  has  been  in  prog- 
ress the  last  fifteen  years  in  determining  the  final  settlement 
of  methods  and  means.  In  many  respects  the  utility  commissions 
have  a  great  advantage  over  a  court,  because  the  courts  have  to 
take  up  a  great  variety  of  subjects  and  can  only  come  to  the  sub- 
ject of  appraisal  casually,  and  cannot  give  it  the  time  and  study 
that  such  technical  matters  require.  But  a  utility  commission 
is  a  special  court  which  does  have  the  time  and  money  and  an 
engineering  staff  to  make  a  study  of  most  of  the  technical  sub- 
jects which  the  valuation  problem  brings  up.  They  are  doing 
it,  for  the  most  part,  as  far  as  I  can  observe,  with  great  fidelity, 
great  patience,  and  great  earnestness. 

I  thank  you  all  for  your  kind  attention. 

William  D.  Jackson,  m.  w.  s.  e.  :  1  presume  it  is  not  possible 
for  anyone  who  is  as  deeply  interested  in  engineering  subjects, 
as  are  practically  all  of  us  here,  to  state  that  he  has  nothing  to 
say  on  this  subject,  because  we  are  all  full  of  it.  I  have  listened 
to  the  papers  this  evening  with  very  great  interest  because  it 
seems  to  me  that  we  have  had  a  number  of  things  presented  to 
us  in  a  very  sane  fashion  and  I  have  been  particularly  interested 
in  the  remarks  of  Mr.  Alvord.  We  must  all  be  impressed  with 
the  fact  that  this  question  that  is  now  staring  us  in  the  face,  and 
that  we  all  recognize  as  so  important  not  only  to  our  own  busi- 
ness, but  in  fact  to  the  prosperity  of  the  entire  country,  was 
unthought  of  even  when  relatively  young  men,  such  as  Mr.  Al- 
vord, had  had  time  to  become  fairly  well  established  in  the  en- 
gineering business.  So  we  must  appreciate  that  at  the  present 
time  we  are  only  in  the  beginning  of  the  solution  of  this  great 
big  problem.    At  least,  that  is  my  belief. 

Now,  to  consider  a  thought  which  came  to  me  in  listening 
to  Mr.  Cooke's  paper,  namely,  his  suggestion  that  we  might 
make  some  difference  in  the  plan  of  taxing  the  railroads  from  the 
plan  of  taxing  other  businesses.  That,  from  a  purely  physical 
point  of  view,  might  be  highly  advantageous,  but  it  is  my  belief 
that  it  would  lead  in  a  direction  in  which  we  ought  not  to  go. 
Today  there  is  entirely  too  much  setting  apart  from  the  other 
important  industries  of  the  country  of  our  railroads  and  electric 
light  companies  and  gas  companies.  It  is  difficult  for  the  averagte 
citizen  to  appreciate  that  the  railroad  is  one  of  the  most  im- 
portant industries  of  the  country,  just  the  same  as  our  important 
manufacturing  industries ;  that  the  electric  lighting  company  in 
the  city  is  one  of  our  most  important  industries  amongst  the 
city's  great  industries ;  and  consequently  there  is  a  serious  ques- 
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tion  in  my  mind  whether  we  ought  to  do  anything  that  would 
tend  to  emphasize  that  feeling  on  the  part  of  the  people.  There 
should  be  like  harmony  between  the  people  and  such  industries 
as  is  the  case  with  the  great  manufacturing  establishments. 

Another  thought  has  been  touched  upon  which  involves  an 
intensely  important  principle.  Many  people  are  making  frantic 
efforts  to  hammer  rates  down  to  the  last  mill,  whereas  when  we 
analyze  the  matter  the  question  of  what  a  company  earns  is  fre- 
quently not  so  important  to  us  as  citizens  as  the  question  of 
what  the  company  does  with  its  earnings  after  it  has  earned 
them.  After  a  company  has  paid  its  operating  expenses,  has 
taken  care  of  dei)reciation  expense  and  has  paid  a  fair  return  on 
its  investment,  there  is  seldom  any  difficulty  in  finding  some  im- 
provement in  which  any  excess  earnings  may  be  used  to  the  full 
benefit  of  its  patrons.  It  is  a  curious  fact  that  engineers  have 
not  been  able  to  bring  many  of  the  important  regulation  bodies 
to  fully  understand  the  necessity  of  making  certain  that  the  funds 
are  properly  used  after  they  are  received,  rather  than  to  endeavor 
to  cut  down  the  earnings  to  the  very  lowest  point  with  the  possi- 
bility that  in  bad  years  the  companies  may  be  crippled  and 
therefore  unable  to  serve  us  with  real  effectiveness,  while  under 
higher  rates  with  proper  attention  to  the  use  of  the  income  we 
would  have  received  as  much  for  our  money  without  being 
bothered  by  crippled  service. 

My  understanding  has  been  that  the  court  in  the  case  of  the 
Consolidated  Gas  Company  did  not  find  that  5  or  6%  was  a  rea- 
sonable return  on  the  investment,  as  might  be  understood  from 
the  remarks  of  one  of  the  speakers,  but  that  it  found  that  5  or 
6%  per  cent  was  not  confiscatory.  There  is  a  very  great  dift'er- 
ence  between  that  decision  and  a  decision  specifying  6%  as  a  rea- 
sonable return  on  the  investment.  We  should  bear  this  clearly 
in  mind. 

In  the  matter  of  capitalizing  earnings.  I  happened  to  have 
a  talk  recently  with  the  chief  engineer  of  one  of  the  eastern 
commissions.  He  told  me  what  seemed  to  me  a  very  interesting 
story,  if  I  may  so  designate  it,  because  the  position  he  took 
seemed  so  thoroughly  just.  Some  of  you  may  know  the  case. 
It  was  the  case  of  a  gas  company  that  had  been  capitalized  for 
a  very  small  amount.  The  stockholders  had  during  the  period 
of  the  company's  existence  charged  fair  rates,  which  were  lower 
than  usual ;  they  had  been  jiaying  low  dividends  and  had  been 
putting  into  the  company  part  of  their  fair  earnings.  A  careful 
study  of  the  situation  showed  that  all  the  dividends,  plus  all  the 
earnings  that  had  been  put  into  the  property,  would  not  have 
jtaid  more  than  reasonable  returns  on  a  capitalization  equaling 
the  fair  investment  in  the  i)roperty.  Consequently  that  company 
was   permitted   to   increase   its   capitalization    to    four  times   its 
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original  amount  so  as  to  bring  the  amount  of  capitalization  up 
to  their  reasonable  investment  in  the  property. 

Shelby  S.  Roberts,  m.  w.  s.  e.  (written)  :  All  of  the  speakers 
of  the  evening  pointed  out  that  in  their  opinion,  where  adequate 
service  had  been  rendered  at  reasonable  charge,  and  a  surplus 
above  fair  return  resulted  through  skillful  management  or  loca- 
tion, the  utility  company  should  be  permitted  to  enjoy  return 
upon  such  surplus  reinvested  in  additions  and  betterments  to  the 
property.  Messrs.  Cooke  and  Dunn  further  held  that  such  re- 
invested surplus  should  not  be  charged  against  capital  account. 

The  writer  holds  the  contrary  view.  Mr.  Dunn,  in  proving 
his  point  that  the  utility  should  enjoy  return  on  such  reinvested 
surplus,  proved  both  his  point  and  the  writer's  contention. 

If  the  surplus  under  the  premise  belongs  without  right  of 
dispute  to  the  owners  of  the  utility,  it  is  their  privilege  to  do  as 
they  please  with  it ;  either  to  put  it  in  their  pockets,  or  to  re- 
invest it.  Following  the  process  of  thought  of  Mr.  Dunn,  it 
makes  no  difference  whether  the  surplus  is  paid  back  to  the 
stockholders  and  then  reinvested  by  them  in  the  property,  or 
is  directly  reinvested  in  the  property  without  going  through 
this  formality.  If,  however,  this  process  were  carried  through 
and  new  stocks  were  issued,  for  which  the  stockholders  paid  with 
their  surplus,  there  would  be  no  question  as  to  the  advisability 
of  charging  this — to  all  intents  and  purposes — new  capital  to 
capital  account. 

Mr.  Jackson  in  his  discussion  gave  an  illustration  in  sub- 
stantiation of  the  above  view,  when  he  cited  the  case  of  the 
utility  company  starting  with  small  capital,  charging  equitable 
rates,  and  who  through  skillful  management  were  able  to  pay  a 
fair  return  to  the  stockholders,  and  to  expand  and  enlarge  their 
plant  through  reinvested  surplus.  In  recognition  of  this  skill- 
ful management,  it  was  no  more  than  just  that  the  public  service 
commission  approved  of  this  plant's  increasing  its  capitalization 
four-fold. 

The  only  danger  of  injustice  being  done  to  anyone  by  such 
procedure  would  be  that  the  officers  of  the  company  might  offer 
such  additional  stock  for  general  distribution  instead  of  pro- 
rating it  among  the  original  stockholders.  If  in  this  particular 
illustration  the  surplus  had  been  first  paid  to  the  stockholders, 
who  in  turn  purchased  new  stock  with  it,  the  increase  in  capitali- 
zation would  have  been  pro-rated  among  the  stockholders.  This 
is  the  point  the  writer  wishes  to  emphasize. 

That  surplus  equitably  earned  through  careful  management 
belongs  to  the  stockholders  of  the  company.  If  reinvested  in 
improvements,  betterments  and  extensions  of  the  company,  such 
capital  should  be  permitted  all  the  several  and  collective  rights 
and  privileges  accorded  to  capital  to  earn,  the  only  question  for 
regulation  being  that  the  stockholders  are  assured  this  increase. 
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The  view  maintained  by  Mr.  Dunn,  that  valuation  should 
be  a  valuation  new  less  depreciation,  is,  in  the  opinion  of  the 
writer,  not  well  taken.  For  the  purj)ose  of  rate-making^,  the  con- 
dition of  the  various  parts  of  a  railroad  or  utility  plant,  so  long 
as  they  are  capable  of  performing  and  furnishing  the  service  re- 
quired, are  not  matters  affecting  the  result.  The  public  is  pur- 
chasing service,  not  the  rails  mentioned  by  Mr.  Dunn.  As  a 
matter  of  fact,  in  the  operation  of  a  railroad,  the  rails  and  wheels 
and  other  parts  are  worn  out  in  service  of  the  public ;  i.  e.,  along 
with  the  service  that  the  public  receives,  they  also  receive  the 
entire  plant,  and  the  allowance  for  depreciation  is,  in  fact,  not  an 
allowance  for  depreciation,  but  an  allowance  for  renewal,  and  is 
something  due  the  service  company — not  something  to  be  taken 
away  from  it. 

The  best  illustration  of  this  point  was  given  by  some  attor- 
ney in  the  trial  of  a  case  in  New  York.  It  is  this :  A  farmer 
purchases  a  hen,  to  supply  eggs  for  sale.  The  farmer  expects, 
and  has  a  right  to  receive,  during  the  life  of  the  hen,  sufficient 
compensation  from  the  eggs  to  pay  for  the  care  of  the  hen,  his 
time,  and  for  the  purchase  of  another  hen  when  the  first  dies. 
It  is  true,  after  the  hen  is  two  or  three  years  old,  she  is  not  as 
valua])le  as  a  hen  as  when  she  first  began  to  lay,  but  as  far  as 
the  eggs  which  she  lays  are  concerned,  the  eggs  are  as  good  at 
the  end  of  the  third  year  as  when  the  hen  was  a  pullet.  In  other 
words,  the  price  of  eggs  should  not  decrease  with  the  age  of 
the  hen. 

The  writer  is  in  accord  with  the  views  expressed  by  Mr. 
Dunn  in  regard  to  land  values  and  to  appreciation,  and  is  pleased 
that  Mr.  Dunn  emphasized  these  points  so  strongly  and  forcibly. 

B.  E.  Grant,  m.  w.  s.  r.  (Chairman)  :  In  looking  over  one  of 
the  periodicals  on  our  table  here  the  other  day,  I  saw  a  list  of  the 
public  utilities  commissions  in  the  Ignited  States.  I  counted  the 
names ;  there  were  forty-eight.  There  are  only  forty-eight  states 
in  the  l^nion,  but  New  York  had  two  and  this  list  included  one  in 
the  District  of  Columbia.  T  do  not  know  how  the  others  were 
distributed ;  I  did  not  analyze  the  list.  But  one  of  the  newest  com- 
missions is  the  Illinois  commission.  I  understand  the  chairman  of 
that  commission.  Mr.  Ouan,  is  present  tonight.  We  would  like 
to  hear  from  him. 

James  E.  Quan:  I  did  not  come  prepared  to  make  a  speech 
tonight  on  account  of  a  very  bad  cold.  Rut  the  able  member  of 
our  commission.  Mr.  Shaw,  is  here,  whom  you  probably  all  know. 
Tie  is  one  of  the  luembers  that  we  are  really  proud  of.  and  I  think 
if  you  will  ask  Mr.  Shaw  to  speak  for  the  commission  you  will  get 
much  better  results  than  by  listening  to  me.  T  hope  at  some  later 
time  to  be  able  to  come  here  an<l  speak  to  you.  but  tonight  I  am 
not  prei>ared  to  do  so.     T  thank  ycni  very  nuich   for  asking  me  to 
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come  here,  and  1  hope  you  will  ask  Mr.  Shaw  to  tell  what  we  are 
doing. 

W.  A.  Shazv,  M.  vv.  s.  e.  :  First,  I  wish  to  thank  the  chair- 
man for  the  great  confidence  he  has  in  the  engineering  member 
of  the  Illinois  Public  Utilit}'  Commission.  I  came  here  tonight  to 
listen  and  to  learn  as  much  as  I  could.  Unfortuntetly,  I  was  not 
here  in  time  to  hear  the  first  paper.  Public  utility  regulation  is  now 
a  live  issue,  as  you  all  know,  and  I  believe  that  the  Western  Society 
of  Engineers  can  do  a  great  good  to  the  public  in  general  in  discuss- 
ing the  live  issues  of  the  day. 

As  was  brought  out  here  tonight  by  men  who  have  had  much 
experience  in  public  utility  work,  you  will  especially  note  the  dif- 
ference of  opinion  that  exists  among  engineers  in  arriving  at  cer- 
tain conclusions  as  to  fair  values  and  a  fair  compensation.  This 
Society  includes  men  who  are  able  and  who,  I  believe,  would  be 
willing  to  give  their  time  in  a  way  whereby  the  facts  might  be 
better  brought  out.  I  can  assure  you,  gentlemen,  that  it  is  the 
object  and  the  aim  of  each  member  of  the  Illinois  Public  Utility 
Commission  to  do  his  work  without  fear  or  favor,  and  in  rate  mak- 
ing to  return  a  fair  compensation  upon  a  fair  value. 

L.  E.  Cooley,  m.  w.  s.  e.  :  The  present  manifestation  is  a 
phase  of  a  very  old  problem,  as  old  as  corporations  have  existed. 
I  think  it  was  Brindley  who  said  of  the  Canal  period  in  Great  Brit- 
ain more  than  a  hundred  years  ago  that  competition  w^as  impossible 
wherever  combination  was  possible.  In  this  country  the  present 
issues  go  back  to  the  Granger  cases.  A  very  learned  opinion  by 
Attorney  General  Black  in  the  seventies  was  my  starting  point  in 
the  consideration  of  these  matters.  I  early  got  it  into  my  head  that 
a  public  utility  had  the  right  to  exercise  eminent  domain  only  for 
a  public  purpose,  not  for  a  private  purpose,  and  that  we  thereby 
delegated  or  created  an  agency  to  perform  a  public  function,  and 
from  that  basis  proceeds  the  right  to  regulate  the  agency  which 
we  created.  It  is  not.  therefore,  a  contract  which  we  have  made, 
but  a  permit  or  grant  which  we  can  recall  by  arranging  for  the 
amortization  of  the  investment  or  which  we  can  regulate  in  a  rea- 
sonable manner.  The  difficulty  is  in  the  practical  application  of 
first  principles.  I  think  one  Cooley  can  express  the  views  of  the 
family  as  well  as  another.  I  think  they  have  been  pretty  fully  ex- 
pressed by  my  learned  brother. 

How  to  deal  with  utilities  that  are  already  here,  that  have  gone 
through  all  sorts  of  phases  of  existence,  that  have  built  up  a  com- 
plexly stratified  series  of  securities,  presents  very  great  difficulties. 
I  have  considered  for  many  years  how  to  frame  laws  for  the  future, 
and  my  views  on  the  whole  subject  matter  may  be  outlined  accord- 
ingly. If  I  had  my  wav  I  would  limit  the  corporation  to  one  se- 
curity bearing  a  minimum  rate  of  interest  until  it  became  a  going 
concern.  That  plan  has  been  followed  to  a  certain  extent  in  France. 
This  security  is  to  be  issued  from  time  to  time  as  the  money  is 
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needed  to  carry  out  the  enterprise,  and  the  niinimuni  interest  is 
paid  from  time  to  time  as  for  a  bond.  When  the  plant  goes  into 
operation,  the  issue  of  securities  i^oes  on  to  cover  any  deficiency 
until  such  time  as  it  earns  a  sur])lus  and  at  that  time  your  capi- 
talization is  automatically  determined.  t:;;oin^-  value  and  all.  After 
that  the  corj)oration  is  allowed  some  velvet,  a  maximum  rate.  Be- 
yond that,  the  earnings  go  into  a  surj:»lus  account,  sufficient  to  cover 
the  risks  of  the  business  and  insure  regular  dividends  in  lean  years 
as  well  as  fat  years.  Such  surplus  is  to  be  used  also  to  cover  de- 
l)reciation.  If  the  corporation  is  to  amortize  in  the  franchise  pe- 
riod, it  must  from  time  to  time  pay  out  of  this  surplus  the  amount 
of  the  investment  or  cajMtalization. 

If  you  follow  that  thought  through,  it  covers  the  whole  sub- 
ject matter.  I  believe  we  shall  not  settle  these  (juestions  until  we 
have  laws  along  that  line  which  will  be  fair  alike  to  everybody. 

The  great  difficulty  as  manifested  in  the  speeches  here  is  that 
the  present  system  of  capitalization  has  blighted  the  subscription 
of  funds  to  new  enterprises.  In  France  some  technical  body  ex- 
amines every  project  as  to  its  character  and  justification.  The 
result  is  that  the  common  peojile  subscribe  to  these  projects  oft- 
times  many  fold  the  amount  required,  so  the  little  savings  are  in- 
vested safely  in  pul)lic  utilities.  In  this  country  there  is  no  outlet 
for  the  small  savings  through  fear  of  juggling  in  these  complexly 
stratified  securities.  No  system  of  public  utility  regulation  with- 
out recasting  our  laws  is  going  to  meet  the  situation.  Until  such 
time  as  we  find  a  way  by  which  every  investor  is  in  on  the  ground 
Moor,  feeling  safe  and  secure,  the  little  man  on  a  footing  with  the 
big  man,  we  have  not  realized  the  .solution  of  the  problem.  The 
single  savings  account,  bearing  2%  interest,  makes  little  incentive 
to  thrift,  while  the  accumulated  dcjiosits  earn  many  times  this 
amount  for  the  Na])oleons  of  finance. 

How  long  l)efore  tliis  difTerence  of  investment  value  between 
classes  will  result  in  a  social  stratification  as  complex  and  uncer- 
tain as  corporation  securities?  Artificial  barriers  to  equal  oppor- 
tunity are  not  consistent  with  our  institutions. 

Mr.  Grant:  There  is  a  city  department  which  has  had  much 
to  do  with  these  questions.  1  understand  the  deputy  commissioner 
of  electricity  and  gas  is  with  us,  Mr.  King,  We  would  like  to 
hear  from  him. 

A.  C.  Kiiuj  (Deputy  Comiuissioucr  of  Gas  and  Electricity) :  I 
have  not  much  to  say.  as  1  thought  Mr.  Palmer.  Commissioner  of 
(las  and  l^lectricity,  would  be  Iktc  to  speak.  W'e  have  done  a  little 
work  in  the  regulation  of  public  utilities  here,  on  which  I  will  not 
commetU,  but  I  have  been  much  interested  in  listening  to  the  various 
view])oints  of  the  speakers. 

The  one  thing  which  impressed  me.  perhaps,  more  than  any- 
thing else  was  the  fact  that  the  jiublic  utility  c|ucstion  as  a  whole 
is  .1  little  bit  different  from  ]irivate  business.     The  public  grants  a 
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franchise  to  a  corporation  and  allows  them  the  privilege  of  using 
the  streets  and  in  some  cases  not  only  the  surface  but  under  ground 
and  over  head,  and  in  the  case  of  railroads,  certain  rights,  such  as 
the  closing  of  streets  for  terminals  and  for  tracks.  In  return  for 
these  privileges  conferred,  the  public  should  receive  some  compensa- 
tion or  something  in  return,  perhaps  more  than  would  ordinarily 
be  expected  from  a  private  business.  In  other  words,  it  would 
seem  that  the  proposition  is  not  wholly  one-sided  and  that  the 
public  should  receive  a  little  more  than  they  would  expect  from  a 
privately  conducted  business  which  did  not  depend  in  any  way 
upon  the  public  or  the  use  of  the  public  property. 

Morgan  Brooks,  m.  w.  s.  e.  :  I  have  been  very  nnich  interested 
this  evening  in  the  talks  that  have  been  given  by  the  gentlemen 
who  have  spoken.  To  one  who  is  engaged  in  teaching,  the  point  of 
view  of  engineers  has  been  extremely  interesting". 

There  is  only  one  thing,  it  seems  to  me,  I  can  add  to  the  talks 
this  evening  and  that  is  that  our  public  service  commissions  have 
quite  as  much  to  do  in  improving  the  service  in  various  ways  as 
they  have  in  reducing  or  adjusting  rates.  For  instance,  I  have 
had  something  to  do  in  the  past  with  a  certain  gas  company,  and  if 
the  price  of  gas  is  reduced  by  ordinance  or  by  request  or  any  other 
means  it  is  quite  likely,  as  I  understand  it,  that  the  quality  of  the 
gas  goes  down  about  in  proportion ;  that  is,  it  is  about  as  easy  to 
make  a  profit  on  80c  gas  as  it  is  on  $1.00  gas,  and  if  there  is  more 
nitrogen  or  other  inert  compounds  in  the  cheaper  gas,  the  gas  is 
not  as  satisfactory  to  the  consumer.  If,  for  instance,  at  the  end 
of  the  month  the  bill  is  about  the  same  as  in  former  months,  the  con- 
sumer wonders  why  it  is  the  same  with  the  reduced  prices,  not 
realizing  that  it  takes  about  so  many  heat  units  and  that  gas  ought 
to  be  sold  by  the  B.  t.  u.,  as  coal  is  sold  nowadays,  and  not  by  the 
thousand  cubic  feet,  tliat  is,  that  the  quality  be  maintained,  or  else 
we  have  a  false  saving  in  the  price  when  it  goes  down  apparently. 

The  same  thing  is  not  quite  so  true  of  electricity,  I  think,  but 
at  the  same  time  I  am  living  in  a  comparatively  small  place,  where 
our  service  is  somewhat  irregular,  where  it  has  been  known  to  stop 
entirely  for  an  evening.  We  do  not  pay  our  bills  at  the  end  of 
the  month  with  the  same  satisfaction  if  the  light  has  been  out  for 
even  a  few  minutes  during  the  month  as  if  it  had  been  in  continu- 
ous service.  So  the  quality  of  service  really  means  a  great  deal  in 
the  attitude  of  the  public  toward  the  public  service  corporations. 
Our  railways  are  beginning  to  realize  that  the  attitude  of  em- 
ployes and  so  on  is  important.  In  street  railways  it  seems  to  me 
important  to  furnish  seats,  for  instance,  for  citizens  where  they  pay 
their  nickel.  They  would  be  much  more  willing  to  pay  the  nickel 
if  they  got  a  seat  than  if  they  were  strap-hangers.  There  are  still 
many  opportunities  for  the  railroads  to  improve  their  service  to  the 
satisfaction  of  the  public. 

I  was  quite  annoyed  the  other  day,  on  arriving  at  Champaign, 
to  find  that  out  of  three  cars  on  the  train  there  was  only  one  open 
door  for  the  passengers  to  depart,  and  the  result  was  it  took  about 
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five  minutes  to  get  out  of  the  train,  having  to  go  through  two 
cars.  1  lost  a  street  car  and  had  to  wait  thirteen  minutes.  If  there 
had  been  a  proper  train  crew,  or  if  the  crew  had  thrown  open  the 
doors  at  the  proper  places,  we  could  have  made  better  street-car 
connections.  Those  things  are  quite  annoying,  much  more  so  than 
the  railroads  realize. 

The  (Mily  point  I  have  to  make  is  that  the  public  service  would 
meet  the  public  demands  much  better  if  the  service  were  first  class 
in  every  respect,  independently  of  the  cost  of  the  service.  We 
certainly  pay  our  bills  to  people  who  serve  us  well  with  a  great 
deal  more  satisfaction  than  we  do  to  those  who  serve  us  improperly. 

Bibliography  on  Vahiation  of  Public  Utilities,  Proc.  A.  S.  C.  E.,  Vol. 
39,  No.  6,  Aug.,  191 :{,  or  in  Trans.  A.  S.  C.  E.,  1913,  Vol.  76. 
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Minutes  of  the  Meetings 

Extra  Meeting,  April  30,  1914. 

A  special  extra  meeting  (No.  862)  was  held  Thursday  evening  April  30, 
1914,  in  honor  of  the  eminent  sanitary  engineers  Dr.  George  A.  Soper, 
President  of  the  Metropolitan  Sewage  Commission  of  New  York ;  Mr.  James 
D.  Watson,  President  of  the  Institute  of  Sanitary  Engineers,  Birmingham 
England ;  and  Mr.  Arthur  J.  Martin,  Past  President  of  the  same  institute, 
and  consulting  sanitary  engineer,  London,  England.  The  meeting  was 
called  to  order  at  8  :45  p.  m.,  by  President  Lee,  with  about  65  members  and 
guests  in  attendance.  The  President. offered  a  few  words  of  welcome  and 
then  turned  the  meeting  over  to  Past-President  J.  W.  Alvord.  Mr.  Alvord 
explained  the  situation  in  Chicago  that  led  to  securing  the  presence  of  these 
gentlemen.  He  then  introduced  to  the  meeting  Dr.  Soper  and  Messrs.  Watson 
and  Martin,  each  of  whom  gave  very  interesting  talks  on  sanitary  matters. 

Meeting  adjourned  about  10:20,  when  refreshments  were  served. 

Regular  Meeting,  May  4,  1914. 

A  regular  meeting  of  the  Societv  (No.  863),  a  "Smoker,"  was  held  Alon- 
day  evening,  May  4,  1914.  The  meeting  was  called  to  order  by  President  Lee 
at  8  p.  m.,  with  about  175  members  and  guests  in  attendance.  The  Secretary 
reported  from  the  Board  of  Direction  that  at  their  meeting  held  that  after- 
noon the  following  applications  for  admission  to  the  Society  had  been  pre- 
sented : 

Wilbur  R.  Manock, Chicago 

C.  F.   Bennett    Chicagq 

Cyrus  Edward  Minor  Chicago 

Victor  R.  Walling Chicago 

Augustin  W.  Malinovsky, Valparaiso,  Ind. 

Also,  that  the  following  had  been  elected  into  the  Society  at  their  meet- 
ing that  day: 

Shelby  S.  Roberts,  Chicago,    Member 

J.  A-  Stromberg,  Chicago,   Associate  Member 

Theodore  F.  Laist,  Chicago Member 

Philip  J.  Hickey,  Chicago  Associate  Member 

Hubert  P.  T.  Matte,  Oak  Park,  111.,    Associate   Member 

Eugene  D.   Swift,   Chicago,    Member 

Oswald  A.  Tislow,  Detroit,  Mich.,  transferred  to Junior  Member 

Frank  H.  Drury,   Chicago    Member 

Eugene  Gellona,  Valparaiso,  Ind Student  Member 

Wm.    E.    Hartman,    Chicago Member 

Charles   P.   Howard,   Chicago Member 

Quincy  A.  Hall,  Chicago Associate  Member 

Frederick  E.  Morrow,  Chicago Associate  Member 

Mr.  W.  Cary  Lewis  rendered  a  few  vocal  selections,  with  Mr.  E.  V. 
Prahl  at  the  piano,  Capt.  W.  Robert  Foran,  who  had  served  in  the  English 
Army  in  India  and  in  East  Africa,  was  then  introduced  and  gave  an  inter- 
esting account  of  some  of  his  travels  and  experiences  in  East  Africa,  and 
illustrated  by  stereopticon  views. 

The  meeting  adjourned  about  10  p.  m.,  when  refreshments  and  cigars 
were  served. 

Extra  Meeting,  May  8,  1914. 

An  extra  meeting  (No.  864),  in  the  interests  of  engineering  students, 
was  held  Friday  evening,  May  S,  1914,  convening  about  7:40  p.  m.     This  was 
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a  large  meeting  of  students  from  "Armour,"  "Lewis,"  and  "Northwestern," 
wit'i.  some  of  their  professors,  and  members  of  the  Society,  totahng  about 
275.  The  meeting  was  called  to  order  and  welcomed  by  President  Lee  at  8:10 
p.  m.  Addresses  were  made  by  Capt.  H.  B.  Saucrman,  of  the  Engineer  Corps, 
L  N.  G. ;  Mr.  Isham  Randolph,  who  spoke  of  the  work  on  the  reclamation  of 
the  Florida  Everglades ;  Uean  Raymond  of  Armour  Institute ;  O.  P.  Cham- 
berlain;  Prof.  P.  B.  Woodworth  of  Lewis  Institute;  Prof.  John  F.  Hayford  of 
Northwestern  University  and  Dean  Goss,  of  the  State  University.  The 
Armour  Glee  Club  anJ  the  Armour  Mandolin  Qub  gave  some  music.  Re- 
freshments were  served  and  a  successful  meeting  adjourned  about  10  :30  p.  m. 

Extra  Meeting,  May  11,  1914. 

An  extra  meeting  of  the  Society  (No.  865),  a  meeting  in  the  interests 
of  the  Bridge  and  Structural  Section,  w-as  held  Monday  evening.  May  11,  1914. 
The  meeting  was  called  to  order  by  J.  W.  Musham,  vice-chairman  of  the 
section,  at  7  :50  p.  m.  with  about  50  members  and  guests  in  attendance. 

Mr.  A.  T.  North  was  introduced,  who  read  his  paper  on  "Grading  Yellow 
Pine  Timber  for  Structural  Purposes."  This  was  illustrated  by  stereopticon 
views,  showing  diflferences  of  grain  of  different  qualities  of  yellow  pine  tim- 
ber. Discussion  followed  from  Messrs.  I.  F.  Stern,  Marsh,  W.  S.  Lacher, 
W.  C.  Armstrong,  P.  M.  Leichenko,  S.  T.  Smetters,  A.  B.  Cone  (American 
Lumberman),  and  R.  S.  Lindstrom,  with  replies  and  explanations  from  Mr. 
North.  The  Secretary  read  some  written  discussion  submitted  by  Mr.  F.  E. 
Davidson,  as  he  could  not  be  present.  Mr.  H.  C.  Lothholz  moved  a  vote  of 
thanks  to  Mr.  North  for  his  valuable  paper.     Motion  carried. 

Meeting  adjourned  about  9 :45  p.  m. 

Extra  Meeting,  May  i8,  1914. 

An  extra  meeting  (No.  86G),  in  the  interests  of  the  Hydraulic,  Sanitary 
and  Municipal  Section,  was  held  Monday  evening.  May  18,  1914.  The  meeting 
was  called  to  order  at  8:10  p.  m.  by  Mr.  W.  D.  Gerber,  chairman  of  the  sec- 
tion, with  about  60  members  and  guests  in  attendance.  There  was  no  busi- 
ness before  the  meeting.  The  subject  for  the  evening  was  "The  Disposal  of 
City  Wastes."  This  was  presented  in  an  informal  manner,  with  lantern  slide 
illustrations,  by  Messrs.  Irwin  S.  Osborn  of  Toronto,  Canada,  John  F. 
Fetherstone  of  New  York,  and  Edward  R.  Pritchard  of  Chicago.  Discus- 
sion was  continued  by  Col.  H.  A.  Allen,  Dr.  E.  Gudeman,  and  Mr.  S.  A. 
Greeley. 

Meeting  adjourned  at  10:10  p.  m. 

Extra  Meeting  May  25,  1914. 

An  extra  meeting  of  the  Society  (No.  867),  a  joint  meeting  of  the  Elec- 
trical Section  witli  the  Chicago  Section,  A.  I.  E.  E.,  was  held  Monday  evening, 
May  25,  1914.  The  nuoting  was  called  to  order  at  7:50  p.  m.,  by  Mr.  F.  J. 
Postcl,  chairman  of  the  Electrical  Section,  with  about  75  members  and  guests 
in  attendance.  The  chairman  announced  that  the  next  joint  meeting  would 
be  held  June  10,  1914,  in  session  with  a  meeting  of  the  Chicago  Section  of 
the  illuminating  I-'ngincering  Society;  also  that  an  invitation  had  been  re- 
ceived from  the  Spokane  Section,  A.  I.  E.  E.,  to  the  Chicago  Section,  A.  I. 
E.  E.,  to  attend  the  Pacific  Coast  Convention,  A.  I.  E.  E.,  to  be  held  in 
Spokane,  Wash.,  September  9-11,  1914. 

Mr.  D.  P.  Gailiard  Assoc.  A.  I.  E.  E.,  was  then  introduced,  who  read 
his  paper,  "Universal  Use  of  Electricity  on  the  Panama  Canal."  This  was 
illustrated  by  a  number  of  lantern  slides.  Discussion,  mostly  in  the  form 
of  questions  and  answers,  followed  from  Messrs.  T.  A.  Banning,  Jr.,  L.  L. 
Holladay,  G.  M.  Maver,  C.  P.  Howard,  E.  T.  Foote,  W.  S.  Pederson,  E  D. 
Silver,  Q.  A.  Hall,  Wm.  B.  Jackson,  B.  H.  Peck,  Mr.  Jenneson,  H.  M. 
Wheeler  and  others. 

Meeting  adjourned  al)out  9  p.  m.  J.   H.  Warder, 

Secretary. 
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Liquid  Air,  Oxygen,  Nitrogen.  By  Georges  Claude,  English  Edition,  cor- 
rected and  brought  up  to  date  by  the  author.  Translated  by  Henry  E.  P. 
Cottrell.  Philadelphia,  P.  Blackiston's  Son  &  Co.,  1913.  6%  by  10  in. 
Cloth  bound;  418  pp.;  illustrated.     Price  $5.50. 

This  very  interesting  book  is  divided  into  Part  I,  The  Liquefaction  of 
Gases;  Part  II,  The  Commercial  Liquefaction  of  Air;  Part  III,  Preservation 
and  Properties  of  Liquid  Air;  Part  IV,  The  Separation  of  the  Air  into  its 
Elements.  A  foreword  is  furnished  by  the  translator,  who  shows  that  a 
pressing  need  at  this  date  is  the  supplying  of  liquid  air,  oxygen,  and  nitrogen, 
and  particularly  the  latter,  for  the  purposes  of  agriculture.  The  obtaining  of 
intense  cold,  by  the  use  of  liquid  air,  is  sufficient  excuse  for  putting  this  work 
into  the  English  language.  This  translation  of  Georges  Claude's  work  on 
the  liquefaction  of  what  used  to  be  called  the  permanent  gases,  bears  tes- 
timony to  the  contributions  of  British  Scientists  to  the  discovery  and  appli- 
cation of  the  principles  which  underlie  one  of  the  difficult  problems  of  modern 
science  and  arts.  The  fascinating  manner  and  lucid  style  of  the  author  in 
his  treatment  of  the  subject  has  been  successfully  preserved  by  the  translator. 

Referring  to  the  liquefaction  of  gases.  Chapter  I  gives  the  first  steps, 
considering  the  vapour  tension  of  liquids  and  variations  in  this  according  to 
temperature;  the  heat  of  evaporation;  the  influence  of  pressure  on  ebullition; 
and  the  effect  of  the  lessening  of  pressure ;  the  reversibility  of  ebullition  and 
liquefection;  and  liquefaction  by  simultaneous  refrigeration  and  compression. 

Chapter  II  considers  The  Critical  Point,  conditions  which  determine  it, 
and  classification  of  gases  -from  the  point  of  view  of  liquefaction,  and  this 
is  followed  by  a  chapter  on  the  Liquefaction  of  Permanent  Gases.  In  Part 
II,  Commercial  Liquefaction  of  Air,  Chapter  IV  takes  up  expansion,  and 
Siemens'  exchanger  of  temperature,  in  which  is  shown  the  insufficiency  of  the 
Multiple  Cycle  Process  and  explanations  made  by  Joule  and  Thomson's 
experiment,  and  also  Hampson's  and  Linde's  processes.  Chapter  V  states  the 
Imperfections  of  the  Gaseous  State,  and  the  work  of  Van  der  Waals,  and 
Chapter  VI  explains  Expansion  by  Simple  Outflow.  In  Chapter  VII  is 
presented  Expansion  with  External  Work  that  can  be  Recuperated.  This 
chapter  relates  the  discovery  of  Auto-lubrication,  and  the  use  of  Petrol-ether 
for  lubrication,  also  improvements  in  terminal  expansion,  compound  and 
multiple.  There  is  also  given  an  estimate  of  the  limiting  yield  of  expansion 
with  eternal  work,  and  the  quantity  of  energy  recuperated. 

The  Preservation  and  Properties  of  Liquid  Air,  is  the  subject  of  Part  III, 
the  difficulties  of  the  problem,  precautions  to  be  observed  in  manipulation  of 
liquid  air,  and  the  Impossibility  of  Preserving  Liquid  Air  in  Closed  Vessels. 

Some  15  to  20  years  ago  there  was  an  interesting  exhibit  of  liquid  air  on  the 
stage  of  the  Auditorium,  when  Tripler  (  ?)  explained  that  in  transporting  liquid 
air  to  Chicago,  it  was  done  in  open  cans,  and  from  which  he  would  dip  out 
the  liquid  with  a  long  handled  dipper.  It  was  then  stated  that  the  low  tem- 
perature of  the  liquid  air  was  maintained  by  the  cooling  effect  of  evaporation 
from  the  surface.  In  Chapter  IX  is  treated  the  Properties  and  Physical 
Effects  of  Liquid  Air,  which  is  very  interesting.  Not  the  least  in  value  is 
the  broadening  of  our  knowledge  of  the  physical  properties  of  metals  and 
charcoal  at  the  extremely  low  temperatures  which  can  be  had  for  experiments 
and  investigations  by  the  use  of  liquid  air,  oxygen,  and  nitrogen.  Chapter  X 
gives  the  Chemical  Properties  of '  Liquid  Oxygen.  The  Separation  of  Air 
into  its  Elements,  forms  the  subject  of  Part  IV.  In  Chapter  XI  is  shown 
the  importance  of  the  problem,  and  though  the  oxygen  and  nitrogen  are  simply 
mixed  and  not  in  chemical  combinations,  yet  energy  is  necessary  to  separate 
them.  Particulars  of  the  Evaporation  of  Liquid  Air,  and  the  Recuperation 
of  Cold,  are  the  topics  of  Chapters  XII  and  XIII,  and  other  problems  are 
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considered  in  subsequent  pages.  In  Chapter  XVIII,  the  broad  subject  of 
Rectification  is  reviewed,  and  Chaj)ter  XIX  further  describes  apparatus  and 
existing  plants.  The  illustrations,  including  analytical  diagrams  and  half- 
tone cuts  of  apparatus,  are  generally  satisfactory.  The  typography  is  clean 
and  easily  read,  but  the  use  of  the  heavy  loaded  paper  makes  this  monumental 
work  rather  heavy  to  hold  in  the  hand.  Notwithstanding  this  last,  the  book 
makes  "mighty  interestin'  readin'." 

Freight  Terminals  and  Trains. — By  John  A.  Droege,  Supt.  Providence  Div., 
N.  Y.,  N.  H.  and  H.  R.R  Co.  McGraw-Hill  Book  Company,  New  York 
and  London,  1912.     Cloth,  6i^  x  9  in. ;  pp.  465.     Price  $5.00  net. 

This  work  is  in  part  a  revision  of  "Yards  and  Terminals"  published  in  the 
Railway  Age  Gazette  in  1906.  A  large  part  of  the  present  volume,  however, 
is  new,  the  writer  taking  up  the  duties  of  the  trainmaster,  yard-master,  and 
also  giving  advice  as  to  the  management  and  discipline  of  men  in  the  trans- 
portation service — particularly  in  the  switching  service.  While  advice  as  to 
selection  of  men  in  the  transportation  service  and  rules  for  discipline  may  be 
of  some  value  it  must  be  remembered  that  the  railroad  superintendent  gen- 
erally must  pick  his  yardmen  from  the  available  material  at  hand,  and  the 
average  trainman  and  switcliman  receives  his  education  by  practical  ex- 
perience and  holds  a  contempt  for  the  trainman  or  official  who  attempts  to 
be  guided  by  the  book  of  rules.  It  is  doubtful  if  these  chapters  would  seri- 
ously impress  the  average  terminal  superintendent. 

The  chapter  on  the  making  up  of  trains  should  be  of  interest  to  any 
trainmaster.  The  balance  of  the  book  is  devoted  to  terminal  facilities, 
terminal  delivery  yards,  freight  terminal  yards  and  freight  houses;  operation 
of  freight  houses,  refrigeration,  ventilation  and  heating,  etc.,  and  deals  in 
some  detail  with  most  of  the  problems  confronting  the  superintendent  of 
terminals.  The  book  is  profusely  illustrated  and  contains  many  reproductions 
of  drawings  of  many  yards  and  terminals  that  have  been  constructed.  There 
is  also  one  chapter  on  British  freight  service  which  seems  of  little  value  to 
trainmen  in  this  country.  The  author  has  drawn  freely  on  the  work  of 
the  American  Railway  Engineering  Association  and  current  engineering 
periodicals  for  his  matter,  reproductions  of  drawings,  and  other  illustrations. 
The  book  is  one  which  should  be  of  more  value  to  the  engineer  and  super- 
intendent designing  yards  and  terminals  than  to  a  trainmaster  who  operates 
them.     It  is  a  book  which  would  be  useful  in  any  reference  library. 

O.  P.  C. 

Steel  Bridge  Designing.  By  Melville  B.  Wells,  C.  E.  M.  W.  S.  E.,  Armour 
Institute  of  Technology,  Chicago,  191.3.  The  Myron  C.  Clark  Publishing 
Co.  Cloth  bound;  8vo.  pp.  260;  27  illustrations  in  the  text,  half-tone  and 
line  drawings,  and  20  folding  plates.     Price  $2.50  net. 

A  new  and  valuable  text-book  on  this  subject,  intended  for  use  in  en- 
gineering colleges,  and  as  a  reference  book  in  the  draughting  rooms  of  bridge 
works. 

The  Engineers'  Work  and  Contracts  is  considered  somewhat  in  detail 
in  Chapter  I,  while  in  the  following  chapter  comes  Bridge  Manufacture,  the 
Organization,  the  Plant  with  its  Machinery,  etc.  I'ollowing  in  Chapter  111, 
is  considered  the  subject  of  rivets,  design  of  joints,  working  assumptions, 
spacing  and  driving,  and  rivets  in  tension.  So  much  for  premilinaries.  In 
Chapter  IV  the  Design  of  a  Roof  Truss  is  discussed,  and  Chapters  V  and  VI 
take  up  Types  and  Details  of  Highway  Bridges,  and  the  Design  of  a  Riveted 
Truss  Highway  Bridge.  Railroad  Bridges  are  duly  considered  in  Giapters 
VI 1,  VIII,  IX,  and  X,  as  Plate  Girders,  Riveted  Truss,  and  Pin  Connected 
I'ridges.  Shop  Drawings  is  the  subject  of  Chapter  XI  and  is  well  handled, 
while  the  next  chapter  contains  a  review  or  a  condensed  treatise  on  the 
Strength  of  Materials.  The  Bibliography  of  Chapter  XIII  is  valuable  and 
extensive  and  adds  much  to  the  value  of  this  new  work. 
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Many  of  the  designs  of  bridges,  presented  in  this  volume,  details  of 
connections,  etc.,  show  the  practice  of  the  Bridge  Department  of  the  C.  M. 
&  St.  P.  Ry.,  and  the  author  has  properly  made  acknowledgment  of  such 
favors.  Included  in  the  binding  at  the  end  of  this  volume  are .  26  folded 
plates,  reproductions  of  working  drawings,  which  exhibit  a  roof-truss,  high- 
way bridges,  plate  girders,  a  low-truss  riveted  bridge,  other  riveted  truss 
bridges  of  greater  span,  and  a  pin-connected  truss  of  greater  magnitude, 
with  much  of  the  details  of  connections,  clearly  exhibited.  There  are  a 
good  many  cuts  through  the  text,  and  the  make-up  of  the  book,  paper,  typo- 
graphy, presswork,  and  binding,  are  all  commendable. 

The  book  can  be  well  recommended  to  the  young  (and  even  to  more 
mature)  bridge  engineers  and  draughtsmen. 

Compressed  Air  Practice,  by  Frank  Richards.  The  McGraw-Hill  Book 
Company,  New  York,  1913.  Clothbound,  6  by  9  in.;  pp.  326,  including 
index.  Tables  and  96  illustrations,  line  drawings  and  half-tone  en- 
gravings. 

Nearly  twenty  years  ago  (.in  1895)  the  author  of  this  book  brought  out 
a  small  volume,  about  200  pages,  on  Compressed  Air,  which  at  once  filled  a 
place  that  was  waiting  for  such  a  work,  as  it  was  an  eminently  practicable 
book,  and  showed  the  great  economic  value  of  Compressed  /\ir.  In  the 
years  since  then,  the  art  has  grown  greatly,  and  the  use  of  air  under  pres- 
sure has  increased  wonderfully,  with  profit  to  manufacturers  of  Air  Compres- 
sors and  of  the  machinery,  as  air  drills  and  the  like,  for  utilizing  the  com- 
pressed air  as  a  motive  power.  There  are  28  chapters  in  this  book  which 
beginning  with  "Atmospheric  generalities"  follows  with  "Definitions  and 
general  information"  and  continues  with  "The  compressed  air  problem," 
"Tables  and  diagrams  for  computations,  and  the  use  of  The  Indicator  on 
the  air  compressor  follow,  with  chapters  on  Single-stage,  Two-stage,  and 
Multi-stage  compression.  Next  comes  Air  compressor  regulation,  and  the 
drive  of  the  compressor.  A  chapter  on  the  turbo  compressor  is  interesting, 
as  also,  the  next,  on  the  Taylor  compressor  and  Humphrey  pump.  Costs 
are  always  of  interest,  and  the  author  has  met  this  with  a  chapter  on  Power 
Cost  of  Compressed  Air,  followed  by  one  on  Power  from  Compressed  Air. 
Other  chapters  treat  of  the  air  receiver,  pipe  transmission,  reheating,  com- 
pressed air,  fires  and  explosions  about  compression  plants.  There  is  a  chap- 
ter on  rock  drills,  and  another  on  the  electric  air  drill.  Compressed  air  is 
used  for  raising  water  and  this  is  followed  by  a  chapter  on  the  air-lift.  About 
forges  and  shops,  compressed  air  is  frequently  substituted  for  steam  in 
power  hammers,  and  with  good  results.  One  chapter  discusses  the  air  jet, 
the  sand  blast,  and  the  cement  gun,  and  the  final  chapter  presents,  in  ab- 
stract, the  subject  of  liquid  air,  and  the  separation  of  oxygen  from  the 
atmosphere  by  the  aid  of  compressed  air.  This  chapter  the  author  says  is 
based  on  an  article  in  The  Engineer,  which  itself  is  based  on  the  work  of 
Prof.  Carl  von  Linde  and  Mr.  Georges  Claude.  The  latter  author  has  al- 
ready written  a  book  on  Liquid  Air,  Oxygen  and  Nitrogen,  which  is  worthy 
of  careful  attention  from  those  interested  in  this  subject.  But  the  book  under 
review  is  essentially  practical  and  American,  and  covers  a  wider  range  than 
those  noted  above. 

i\  Reader  of  Scientific  and  Technical  Spanish  for  Colleges  and  Techno- 
logical  Schools,  with   Vocabulary  and   Notes.     By  Cornells   DeWitt 
Willcox,  Professor,  U.   S.   Military  Academy.     Sturgis  &  Walton   Com- 
pany, New.  York,  1913.     Cloth ;  5  by  7]^ ;  pp.  588.     Price  $1.75  net. 
The  Preface  reads  as  follows : 

"This  work  has  been  prepared  in  the  belief  that  it  might  be  of  use  to 
those  students  of  our  Colleges  and  Technological  Schools  who  mean  to  prac- 
tice the  engineering  profession  in  the  Spanish-speaking  Americas.  Accord- 
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ingly  their  particular  point  of  view  has  been  steadily  kept  in  mind;  the  ex- 
tracts thSt  follow  are  in  the  main  taken  from  what  may,  for  lack  of  a  bet- 
ter term,  be  called  practical  texts. 

"But  few  notes  have  been  furnished:  the  text,  as  a  text,  is  simple  and 
should  oflfer  no  difficulties  to  students  that  have  already  acquired  some  knowl- 
edge of  the  language. 

"In  a  work  of  this  sort,  the  difficulty  is  not  one  of  inclusion,  but  of 
exclusion.  And  once  the  subject  is  decided  on,  another  difficulty  presents 
itself;  how  much  space  shall  be  allotted  to  each  head?  As  usual,  the  result 
is  a  compromise ;  but,  since  today  nearly  all  branches  of  practical  science  in- 
terlock, more  or  less,  it  is  thought  that  the  matter  here  presented  will  give  the 
reader  not  only  a  fair  idea  of  the  Spanish  technical  vocabulary,  but,  within 
the  limits  of  the  text,  even  a  working  knowledge  of  it. 

"It  is  assumed  that  the  student  is  already  acquainted  with  ordinary 
Spanish ;  the  vocabulary  is  therefore  limited  to  the  scientific  and  technical 
words  occurring  in  the  texts  selected. 

"The  omission  of  some  diagrams  has  made  necessary  a  few  changes  in 
the  text. 

"The  figures  are  mostly  by  1st  Lieutenant  J.  W.  Lang,  U.  S.  A.,  to 
whom  my  best  thanks  are  due.  C.  DeW.  W." 
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TYPES  OF  MOVABLE  BRIDGES 

W.  M.  Wilson*,  m.  w.  s.  e. 

Presented  January  12,  1Q14,  before  the  Bridge  and 
Structural  Section. 

Believing  that  there  exists  among  engineers  considerable  inter- 
est in  movable  bridge  design,  the  writer  undertook  the  task  of  pre- 
senting a  description  of  the  various  types  of  movable  bridges  which 
have  been  built.  Any  attempt  to  give  a  detailed  description  of  these 
various  bridges  would  result  in  a  paper  entirely  too  long  to  be  pre- 
sented at  this  meeting,  and  would  be  outside  of  the  intended  purpose 
of  the  paper,  which  is  to  give  very  briefly  a  description  of  the  gen- 
eral principles  involved  in  each  type  of  bridge.  Those  desiring  a 
detailed  description  are  referred  to  articles  in  the  technical  journals 
(see  Appendix),  from  which  the  information  for  this  paper  has  for 
the  most  part  been  obtained. 

With  the  rapid  increase  in  transportation  and  the  accom- 
panying congestion  of  traffic  and  increase  in  transportation  facilities, 
one  of  the  problems  which  is  forcing  itself  more  and  more  upon  the 
attention  of  the  engineer  is  that  of  providing  transportation  over 
navigable  streams  without  interfering  with  navigation.  This 
transportation  has  been  provided  for  by  the  use  of  ferries,  high 
overhead  bridges,  tunnels  beneath  the  channels,  and  by  movable 
bridges  which,  when  closed,  provide  for  traffic  over  the  streams, 
but  which  can  be  opened  as  occasion  demands,  so  as  to  provide  a 
clear  channel  for  the  passage  of  vessels.  The  ferry  at  best  is  a 
makeshift  and  can  be  used  only  where  the  land  traffic  is  light  or 
where  a  bridge  would  be  impracticable.  Tunnels  are  expensive  to 
construct  and  necessitate  the  use  of  heavy  grades  which  are  very 
objectionable.  High  overhead  bridges  with  underneath  clearance 
sufficient  for  the  passage  of  the  largest  vessels,  are  limited  in  use. 
to  localities  where  the  street  or  track  level  is  very  much  higher 
than  the  water  level.  A  large  majority  of  the  crossings  are 
equipped  with  movable  bridges. 

In  order  to  meet  the  widely  varying  conditions  governing  the 

^Assistant  Professor  of  Structural  Engineering,  University  of  Illinois. 
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design  of  movable  bridges  for  tbe  various  crossings,  the  engineer 
has  exercised  consideral^le  ingenuity,  and  a  corresi)ondingly  large 
number  of  types  of  movable  bridges  are  in  use  today.  Mr.  J.  S. 
Langthorn  in  a  paper  on  Types  of  Movable  Bridges  presented  be- 
fore the  Brooklyn  Engineers  Club,  April  14,  1904,  gave  the  follow- 
ing classification : 

"1.     Swing  Bridges,  which  revolve  in  a  horizontal  plane. 

"2.     Side  folding  bridges,  which  fold  up  in  a  horizontal  plane. 

"3.  Bascule  bridges,  which  revolve  in  a  vertical  plane  and 
include  the  following: 

(a)  Trunnion  bridges,  which  are  revolved  on  horizontal 
shafts. 

(b)  Scherzer  bridges,  which  open  Ijy  rolling  backwards 
and  upwards  on  segmental  girders. 

(c)  Miscellaneous    types    as   the    Harway     Ave.,     Page, 
Schinke,  Roll,  Jack-Knife,  or  vertical  folding,  etc. 

"4.  Retractile  bridges,  or  sliding  draws  which  open  in  a  hori- 
zontal plane  and  are  mounted  on  wheeled  trucks.  The  telescopic 
bridge  at  Queen's  Ferry,  England,  is  a  modification  of  this  type. 

"5.     Direct-lift  bridges,  which  are  simply  large  elevators. 

"6.  Pontoon  or  floating  bridges,  in  which  the  channel  pon- 
toons may  be  moved  for  passing  vessels.  In  some  cases  the  pivot 
end  is  placed  on  the  shore. 

"7.  Transporter  bridges,  in  vv^hich  a  car  hung  from  a  high 
level  truss  travels  back  and  forth  between  the  banks  of  the  water- 
way." 

While  there  are  many  modifications  of  these  various  types,  the 
only  distinctly  different  type  from  those  given  above  that  the  writer 
has  seen  described  is  one  which  rotates  about  a  horizontal  longi- 
tudinal axis. 

The  earliest  moving  bridges  of  which  we  have  any  record  were 
used  for  defensive  rather  than  transportation  purposes.  These  in 
general  were  bridges'  hinged  at  one  end  and  lifted  vertically  by 
means  of  chains  or  cables  fastened  to  the  other  end.  or  horizontal 
draw  bridges  in  which  the  movable  leaf  was  drawn  back  into  the 
I'lxcd  a]iproach  span. 

(  )f  the  early  movable  bridges  used  to  provide  for  navigation, 
the  pontoon,  or  floating  bridge,  was  very  much  in  favor.  These 
bridges  were  inexpensive  and  did  not  require  for  their  construction 
the  highly  refined  mechanical  processes  which  are  so  essential  to 
the  successful  manufacture  of  the  newer  types  of  movable  bridges. 

In  the  early  days  when  land  traftic  was  light  and  especially 
before  the  development  of  railroads  which  required  that  interrup- 
tions to  trafllc  be  reduced  to  a  minimum,  this  type  of  bridge  was 
very  largely  used.  Its  low  initial  cost  and  the  ease  with  which  it 
could  be  built  without  the  use  of  elaborate  equipment  made  it  de- 
servedly popular  for  jMoneer  road  Iniilding  in  communities  where 
funds    were    scarce   and    contractor's    equipment    crude.      A    com- 
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paratively  large  number  of  the  early  movable  bridges  built  were  of 
this  type.  A  number  of  them  are  still  in  use.  In  addition  to  the 
advantages  claimed  above  for  this  type  of  movable  bridges  is  the 
advantage  common  to  all  pontoon  bridges — since  they  require  no 
foundations  they  can  be  built  over  streams  whose  beds  are  so  soft 
that  the  support  of  a  bridge  on  a  pier  is  impossible.  This  has  led 
to  the  use  of  pontoon  bridges  with  pontoon  draw  spans  over  various 
rivers  of  India.  Probably  the  most  notable  of  these  is  the  one  over 
the  Hoogly  which  connects  Calcutta  with  Howrah.  A  number  of 
bridges  of  the  same  type  have  been  built  at  tliis  crossing  only  to  be 
replaced  when  worn  out  by  similar  bridges.  The  last  one  was  built 
in  1874.  Designs  are  being  considered  for  a  new  bridge  at  this 
point. 

As  the  density  of  traffic  increased,  and  especially  with  the 
adoption  of  fast  railway  schedules,  the  delays  incident  to  the  more 
or  less  cumbersome  operation  of  the  pofitoon  bridges  became  more 
serious.  The  new  conditions  were  well  met  by  the  use  of  swing 
bridges,  and  for  some  time — in  fact,  up  to  and  including  the  present 
time — a  very  large  proportion  of  all  the  movable  bridges  built  were 
of  this  type.  Bridges  with  pivots  at  or  near  the  center  necessitating 
the  use  of  but  little,  if  any,  counterweight  and  with  supports  to 
carry  the  live  load  at  the  center  and  both  ends,  are  of  economical 
design,  of  simple  construction,  quick  of  operation,  rigid  in  service, 
and  would  seem  to  be  of  ideal  design.  The  large  number  of  these 
bridges  in  use  indicates  that  they  are  so  considered. 

Horizontal  rolling  or  retractile  bridges  were  used  in  crossing 
moats  around  castles  as  a  protective  measure,  but  they  have  never 
been  very  popular  among  modern  engineers.  The  rolling  back  and 
forth  of  the  heavy  structure  consumes  a  large  amount  of  energy. 
It  is  difficult  to  provide  a  motion  of  the  moving  leaf  which  will 
enable  it  to  clear  the  fixed  approaches,  and  the  live  load  must  be 
carried  on  the  moving  leaf  acting  as  a  centilever,  which  it  is  hard  to 
do  with  a  structure  that  can  be  moved  horizontally.  This  type  of 
bridge  can  be  used  for  narrow  channels  and  also  for  light  temporary 
structures,  but  it  has  not  been  used  much  for  large  permanent 
bridges. 

The  last  few  years  has  brought  about  conditions  which  have 
made  the  swing  bridge  poorly  adaptable  to  certain  locations.  In- 
crease in  water  traffic,  together  with  an  increase  in  the  size  of  boats, 
have  made  the  center  pier,  usually  associated  with  swing  bridges, 
very  objectionable  in  narrow  channels,  and  increased  value  of  land 
and  dock  frontage  has  made  them  expensive  because  of  the  prop- 
erty which  they  damage.  Because  the  width  of  the  center  pier 
increases  with  the  width  of  the  bridge,  it  is  not  customary  to  have 
more  than  two  tracks*  on  a  single  bridge,  and  as  the  bridges  must 
be  far  enough  apart  to  let  the  ends  clear  when  the  bridge  is  mov- 

*The  New  York  Central  R.  R.  has  a  four  track  swing  bridge  over  the 
Harlem  River. 
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ing,  the  carrying  of  a  large  number  of  tracks  over  a  channel  at  any 
point  is  impracticable,  if  not,  in  fact,  impossible.  These  consider- 
ations have  led  to  the  development  of  the  bascule  bridge,  which, 
while  usually  more  expensive  than  the  swing  bridge,  can  be  opened 
in  a  space  no  wider  than  its  own  width  and  which  provides  a  clear 
channel  with  no  obstruction  at  the  center.  There  are  a  number  of 
types  of  bascule  bridges  all  of  which  have  a  motion  in  the  vertical 
plane  which  causes  the  center  of  gravity  of  the  moving  parts  to  be 
stationary  at  the  center  of  rotation  or  to  move  in  a  horizontal  line. 
If  either  one  or  the  other  of  these  two  conditions  is  satisfied,  the 
only  work  which  it  is  necessary  to  do  in  moving  the  bridge  is  that 
required  to  overcome  inertia,  friction,  and  wind  pressure. 

While  the  earliest  draw  bridges  built,  those  used  to  cross  moats 
at  the  entrance  to  castles,  were  bascule  bridges,  they  did  not  come 
into  general  use  until  the  new  London  Bridge  was  completed  in 
1894.  Since  that  time  their  use  has  become  very  common.  It  is 
interesting  to  note  that  while  some  of  the  modern  types  of  bridges 
are  generally  supposed  to  be  new  inventions  and  some  of  them  are 
patented,  a  number  of  them  are  described,  at  least  in  principle,  in 
the  Handbuch  der  Ingenieur-Wissensch,  which  was  published  in 
1888. 

Vertical  lift  bridges  which  are  opened  by  lifting  the  moving 
leaf  in  a  horizontal  position  so  as  to  allow  clearance  for  the  pas- 
sage of  vessels  underneath  have  been  built  from  time  to  time 
during  the  last  century.  The  very  recent  development  of  a  number 
of  new  types  of  vertical  lift  bridges  has  led  to  their  acceptance  in 
a  number  of  instances  during  the  last  one  or  two  years.  Their 
extended  use  in  the  future  is  quite  probable. 

As  the  width  of  channel  required  has  increased,  the  weight 
of  the  moving  leaf  of  the  bascule  bridge  whose  weight  is  carried 
as  a  cantilever  has  increased  very  rapidly,  and  the  weight  of  the 
counterweight  has  increased  a  corresponding  amount.  This  has 
caused  a  large  increase  in  the  trunnion  loads  and  in  the  weight 
of  structural  steel  required  to  sui)port  the  moving  leaf  as  well  as  in 
the  counterweight  which  balances  it.  In  the  case  of  the  vertical 
lift  bridge,  the  effective  arm  of  the  counterweight  is  much  greater 
than  for  the  bascule,  so  that  the  counterweight  is  much  lighter. 
The  bridge  is  suj^portcd  on  four  trunnions,  instead  of  two.  making 
a  corresponding  reduction  in  the  load  on  each  trunnion.  The  dead 
load  as  well  as  the  live  load  is  carried  as  a  simple  span,  which  is 
much  more  efficient  than  the  cantilever  of  the  bascule  bridge.  The 
live  load  is  carried  directly  into  the  masonry  and  not  through  the 
trunnions.  It  is  sometimes  possible  to  convert  a  fixed  span  into  a 
vertical  lift  span  by  adding  the  necessary  lifting  mechanism.  These 
facts  would  seem  to  indicate  that  for  long  spans  where  the  under- 
neath clearance  is  not  too  great  the  vertical  lift  bridge  has  some 
advantages  over  the  bascule  bridge. 

At  some  crossings  the  water  traffic  is  very  heavy  ami  the  lanil 
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traffic  is  comparatively  light.  This  combination  of  conditions  occur- 
ring at  a  point  where  a  bridge  would  be  expensive  to  construct  has 
led  to  the  use  of  what  have  been  termed  transporters  or  transfer 
bridges.  They  are  similar  to  ferries  and  usually  consist  of  a  car  or 
platform  either  suspended  from  a  high  overhead  track  or  supported 
on  a  track  in  the  bed  of  the  channel.  This  platform  travels  back 
and  forth  across  the  channel  as  is  required  to  accommodate  the 
traffic,  and  offers  no  serious  obstruction  to  navigation  at  iiny  time. 
While  this  type  of  bridge  cannot  be  said  to  be  in  common  use,  a 
number  of  them  are  in  service  at  the  present  time. 

It  is  interesting  to  note  in  connection  with  a  study  of  the 
various  types  of  movable  bridges  in  use  that,  with  the  possible  ex- 
ception of  very  special  types  which  have  proven  unsatisfactory  in 
service,  all  the  various  types  of  bridges  which  have  been  designed 
are  represented  by  bridges  in  use  today.  This  indicates  that  the 
development  of  movable  bridges  has  not  been  so  much  an  improve- 
ment on  the  old  types  as  it  has  been  a  development  of  new  types  to 
meet  new  conditions.  In  localities  where  early  conditions  exist 
today  old  types  of  bridges  are  still  being  built. 

Most  of  the  early  bridges  were  operated  by  hand.  For  the 
most  part  they  were  comparatively  small,  labor  was  cheap,  and 
the  modern  efficient  methods  of  developing  mechanical  power  un- 
known. Even  the  large  double  leaf  swing  bridge  over  Penfeld 
River  at  Brest,  which  provided  a  clear  channel  of  350  ft.,  for  half 
a  century  the  widest  clear  channel  provided  by  any  movable  bridge 
in  the  world,  was  originally  designed  to  be  operated  by  hand.  Later 
hydraulic  power  came  into  quite  general  use  in  Europe  and  steam 
power  in  America.  It  is  only  within  the  last  few  years  that  elec- 
trical power  has  been  used.  It  is  interesting  to  note  in  this  con- 
nection that  George  Wilson,  in  an  extended  series  of  articles  on 
movable  bridges  in  the  Practical  Engineer  for  1896,  in  discuss- 
ing the  difficulties  encountered  in  the  transmission  of  hydraulic 
power  to  the  center  pier  of  swing  bridges  states,  "There  is  no  doubt 
that  electrical  power  would  do  away  with  this  difficulty  and  possil^ly 
in  the  future  may  be  used."  At  the  present  time  electrical  power 
is  used  almost  exclusively  for  the  operation  of  movable  bridges. 
The  ease  with  which  it  can  be  transmitted  to  any  desired  point  and 
its  property  of  being  instantly  available  with  no  consumption  of 
energy  when  no  work  is  being  done,  makes  it  superior  to  other 
kinds  of  power  for  locations  near  a  source  of  continuous  supply. 
Most  modern  bridges  are  provided  with  an  auxiliary  driving 
mechanism  which  is  usually  operated  either  by  hand  or  by  oil 
engines. 

As  stated  above,  many  of  the  early  movable  bridges  were  sup- 
ported on  pontoons  and  were  opened  by  floating  the  dra^v  span 
to  one  side.  One  of  the  more  important  bridges  of  this  type  still 
in  use  is  the  one  which  for  a  number  of  years  has  carried  the  C.  M. 
&  St.  P.  Ry.  over  the  Mississippi  River,  between  Prairie  du  Chien, 
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Wisconsin,  and  North  McGregor,  lowa.^  The  river  at  this  point  is 
about  7000  ft.  wide,  including  an  island  which  divides  the  stream 
into  two  channels  each  of  which  is  navigable,  and  the  bridge,  except 
for  the  draw  spans,  was  originally  a  pile  trestle.  Each  of  these 
draw  spans  was  carried  on  a  single  float,  41  ft.  wide,  6  ft.  deep,  and 
408  ft.  long.  The  level  of  the  track  was  adjusted  to  the  varying 
stages  of  the  river  by  blocking  confined  by  a  frame  and  adjustea 
by  means  of  hydraulic  jacks.  The  range  of  variation  between 
high  and  low  water  was  22  ft.  The  elevation  of  the  deck  of  the 
bridge  was  adjusted  by  the  bridge  tenders  at  times  when  they  were 
not  occupied  in  operating  the  bridge.  Girders  projected  beyond 
the  ends  of  the  draw  span  and  when  the  bridge  was  closed,  rested 
on  seats  on  piles  provided  to  receive  them.  These  girders  prevented 
any  live  load  coming  on  the  floats  near  the  ends  and  eliminated  any 
harmful  effects  that  might  result  from  a  slight  difference  in  level 
between  the  fixed  and  floating  decks.  The  bridge  was  operated 
by  a  20  h.  p.  steam  engine  and  could  be  opened  or  closed  in  about 
three  minutes.  The  bridge  was  designed  by  John  Lawler  and  was 
built  in  1874.  It  was  rebuilt  in  1882;  the  Wisconsin  end  was  again 
rebuilt  in  1898  and  the  Iowa  end  in  1900.  It  still  carries  the  traffic 
of  the  C.  M.  &  St.  P.  Ry.  over  the  Mississippi  River  at  this  point. 

A  similar  bridge  was  built  over  the  outlet  of  Lake  Chamj^lain 
at  Rouse  Point  in  1851.  This  bridge  was  30  ft.  wide  and  303  ft. 
long,  and  was  designed  by  Henry  R.  Campbell. 

Swing  bridges,  which  are  the  most  familiar  of  all  the  various 
types  of  movable  bridges,  consist  essentially  of  a  truss  or  girder 
span  which  is  balanced  over  a  turntable  on  which  it  rotates  about  a 
vertical  axis.  The  turntable  consists  of  a  pivot  at  the  center  of  a 
circular  track.  The  pivot  serves  to  center  the  bridge  and  in  some 
cases  carries  part  of  the  load  of  the  sui^erstructure.  Rollers  on  the 
circular  track  carry  the  remaining  portion  of  the  load.  The  bridge 
is  balanced  wherever  possible  by  placing  the  turntable  at  the  center 
of  the  span,  in  which  case  two  channels  are  provided  for  naviga- 
tion, one  on  each  side  of  the  pivot  ])ier.  In  cases  where  it  is  un- 
desirable to  locate  the  pivot  pier  in  the  center  of  the  chamiel,  one 
end  of  the  bridge  is  made  longer  than  the  other  and  the  short  end 
is  counterweighted  so  as  to  bring  the  center  of  gravity  of  the  whole 
moving  structure  at  or  near  the  center  of  support.  Where  such  a 
bridge  is  used  only  one  channel  is  provided.  The  pivot  pier  is  set 
on  one  bank  and  the  long  arm  of  the  bridge  spans  the  channel 
leaving  the  full  width  open  to  navigation.  Where  two  such  bridges 
are  used  together,  one  on  each  side,  a  very  wide  channel  can  be  ob- 
tained. Where  this  arrangement  is  used,  the  shore  ends  of  the 
spans  must  be  anchored,  when  closed,  to  prevent  the  moving  leaf 
from  tij)])ing  un<ler  the  action  of  live  load  on  the  channel  end. 

riie  trusses  acting  as  cantilevers  will  deflect  under  the  action 
of  the  (lead  load  while  swinging  so  as  to  hit  the  end  sujiports  when 
the  bridge  is  swung  shut,  unless  some  provision  is  made  to  lift  the 
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end  of  the  bridge  above  its  normal  position  when  it  is  opened.  This 
is  done  in  a  number  of  different  ways.  Bridges  with  a  center  cir- 
cular track  are  lifted  bodily  by  hydraulic  pressure,  or  the  ends  are 
lifted  by  shortening  an  adjustable  section  of  the  top  chord  at  the 
center  or  by  means  of  a  toggle  mechanism  at  the  ends. 

When  the  adjustment  of  the  end  supports  is  such  as  to  cause 
them  to  take  only  a  portion  of  the  dead  load,  leaving  the  balance 
to  be  carried  by  the  trusses  acting  as  cantilevers,  the  trusses  are  in 
reality  continuous  over  the  center  support.  Such  a  design  is  eco- 
nomical but  a  slight  variation  in  the  adjustment  of  the  supports 
from  what  has  been  assumed  causes  such  a  variation  in  the  re- 
sulting stresses  that  the  scheme  is  not  entirely  satisfactory.  For 
this  reason  engineers  are  inclined  to  sacrifice  whatever  gain  may 
result  from  the  continuous  girder  effect  by  providing  an  adjustable 
panel  in  the  top  chord  at  the  center  by  which  it  may  be  relieved  of 
all  stress  when  the  bridge  is  closed,  thus  causing  the  two  ends  of  the 
bridge  to  act  as  separate  single  spans.  The  uncertainty  of  the  con- 
tinuous girder  effect  has  also  been  eliminated  by  adjusting  the  end 
supports  so  that  the  ends  of  the  trusses  will  just  touch,  but  transfer 
no  dead  load  to  them  when  the  bridge  is  closed.  This  causes  the 
trusses  to  carry  the  dead  load  as  cantilevers  and  the  live  load  as 
continuous  trusses. 

The  double  leaf  swing  bridge  at  Tarante,  Italy-,  has  pivot  piers 
clear  of  the  channel.  The  shore  or  short  arms  of  the  trusses  are 
counterweighted  so  as  to  balance  the  long  arms  when  the  bridge 
is  swinging,  and  are  anchored  to  the  masonry  when  the  bridge  is 
closed  so  as  to  prevent  the  bridge  from  tipping  under  the  action 
of  the  live  load  on  the  channel  arm.  The  curved  bottom  chord  gives 
an  arch  effect  which  is  very  pleasing  in  appearance. 

A  similar  bridge  over  Penfeld  River  at  Brest  built  in  1861  pro- 
vides a  clear  channel  of  350  ft.,  which  was  the  record  width  for  a 
clear  channel  provided  by  a  movable  bridge  until  the  new  vertical 
lift  span  over  the  Missouri  River  at  Kansas  City  was  completed  in 
1912.  A  swing  bridge  at  Havre  has  two  leaves  with  unequal  arms. 
When  closed  the  short  end  is  anchored  to  the  masonry,  after  which 
the  center  support  is  lower  so  as  to  transfer  the  load  to  the  masonry 
at  the  front  edge  of  the  abutment  where  proper  support  is  provided. 
This  method  of  supporting  the  bridge  when  closed  reduces  the 
length  of  the  cantilever  subjected  to  live  load,  throws  the  point  of 
support  a  considerable  distance  in  front  of  the  center  df  gravity 
of  the  superstructure  thereby  reducing  the  live  load  moment  to  be 
balanced  by  the  anchor,  and  increases  the  effective  lever  arm  of  the 
anchor  so  as  to  greatly  reduce  the  stress  to  which  it  is  subjected. 

Figure  P  shows  two  swing  bridges  over  the  Missouri  River 
at  Omaha,  which  carry  the  double  track  of  the  Omaha  Bridge  and 
Terminal  Railway  Co.  Each  swing  span  is  520  ft.  long,  longer 
than  any  other  movable  bridge  in  the  world.  The  bridge  was  com- 
pleted in  1903.     Waddell  &  Harrington  were  the  consulting  engi- 
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neers.  Most  American  swing  bridges  with  center  piers  are  of  this 
general  type. 

The  JoHette  Bridge*  in  the  port  of  Marseilles  has  a  moving 
leaf  which  turns  alx)ut  a  pivot  supported  on  a  hydraulic  ram.  The 
shore  end  of  the  truss,  which  is  shorter  than  the  channel  end,  car- 
ries wheels  which  run  on  a  track  on  the  shore.  The  bridge  is  very 
close  to  the  water  and  most  of  the  traffic  on  the  canal  consists  of 
low  barges.  To  permit  of  the  passage  of  these  barges  without 
swinging  the  bridge,  the  hydraulic  ram  which  carries  the  pivot  is 
raised,  thereby  raising  the  front  or  channel  end.  This  gives  ample 
head  room  for  the  passage  of  the  barges.  The  bridge  was  built  in 
1878. 

The  main  road  from  Chester  to  Manchester  crosses  the  River 
Weaver  at  a  point  where  the  surface  of  the  ground  is  gradually 
subsiding  due  to  the  mining  of  salt  in  the  district.  For  many  years 
a  plate  girder  swing  bridge  was  in  operation,  but  its  gradual  sub- 
sidence, averaging  4i/^  in.  per  year  for  16  years,  had  reduced  the 
clear  head  room  until  it  became  necessary  to  replace  the  old  bridge 
with  a  new  one,  giving  greater  head  room.  One  of  the  main  points 
which  had  to  be  considered  in  designing  the  new  bridge  was  the 
impossibility  of  preventing  a  concentrated  load  from  settling  under 
the  action  of  its  own  weight.^ 

In  order  to  prevent  settling,  the  bridge  was  supported  on  a 
floating  pontoon  whose  buoyancy,  which  could  be  varied  at  will,  was 
somewhat  less  than  the  weight  of  the  superstructure.  This  pontoon 
had  an  air-tight  deck  1  ft.  below  normal  water  so  that  neither  its 
buoyancy  nor  elevation  was  affected  by  the  level  of  the  water.  The 
pontoon,  which  turned  with  the  bridge  to  which  it  was  rigidly  at- 
tached, floated  in  a  chamber  provided  for  the  purpose  and  was 
surrounded  by  cast-iron  piles  which  carried  a  gridiron  girder.  This 
gridiron  girder  supported  a  track  and  the  portion  of  the  weight 
of  the  superstructure  not  carried  by  the  pontoons  was  carried  on  a 
series  of  rollers  running  on  this  track.  The  track  served  the  fur- 
ther purpose  of  keeping  the  bridge  properly  centered.  By  keeping 
the  buoyancy  properly  adjusted  the  portion  of  the  stream  bed  under 
the  point  of  support  of  the  bridge  was  subjected  to  but  little  greater 
load  than  at  other  points.  The  load  on  the  rollers  was  also  com- 
paratively light  and  the  friction  to  be  overcome  in  operating  the 
bridge  correspondingly  small. 

In  1893,  in  anticipation  of  the  building  of  this  bridge,  the  engi- 
neer in  charge,  Mr.  John  Arthur  Saner,  converted  a  cattle  bridge 
in  the  same  neighborhood  into  the  type  just  described,  and  upon 
its  proving  satisfactorv  the  larger  bridge  was  built  and  put  in  opera- 

Ltion  in  1899. 
Conditions  similar  to  those  governing  the  design  of  the  bridge 
over  the  River  ^^^eaver  near  Mancliester  were  found  at  the  crossing 
over  the  Hoogly,  that  connects  Calcutta  with  Howrah.  The  pres- 
ent pontoon  bridge  which  was  built  in  1874  is  to  be  replaced  by  a 
modern  bridge.  The  river  bed  is  soft  mud  and  the  swift  current 
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scours  so  badly  that  it  is  practically  impossible  to  put  a  pier  in  the 
channel.  The  old  pontoon  bridge  has  been  satisfactory,  but  there 
are  drawbacks  to  this  type  of  bridge  for  so  important  a  point  which 
make  it  undesirable  to  repeat  the  design.  A  substitute  has  been 
l)roposed  in  the  form  of  a  double  leaf  swinging  bridge  on  floating 
piers.^  Two  sucli  designs  have  been  submitted.  For  one  design, 
the  shore  ends  of  the  two  approach  spans  rest  on  fixed  abutments, 
and  the  stream  ends  of  the  approach  spans  and  the  swinging  spans 
rest  on  a  floating  pontoon  which  rises  or  falls  as  the  water  level 
in  the  river  changes.  For  the  other  design,  the  bridge  is  supported 
in  a  similar  manner  except  that  the  pontoons  which  have  a  buoyancy 
greater  than  the  maximum  dead  load  plus  live  load  are  anchored 
into  the  river  bed  so  as  to  be  slightly  submerged  when  the  water  is 
at  low  level.  These  anchors  prevent  the  pontoons  from  rising  and 
falling  with  the  water  level  in  the  river  and  the  bridge  is  at  a  fixed 
level  at  all  times.  This  system  is  the  invention  of  Mr.  F.  Forssell 
and  the  patent  rights  are  held  by  Head,  Wrightson  &  Co.,  Limited. 

In  addition  to  what  are  usually  known  as  swing  bridges,  there 
iiave  been  a  numl^cr  of  other  types  of  movable  bridges  built  which 
open  by  rotating  about  a  vertical  axis. 

One  of  these  is  known  as  a  bobtail  swing  bridge.  The  pivot 
is  at  the  extreme  end  and  the  weight  of  the  moving  leaf  is  balanced 
by  an  overhead  counterweight  attached  to  the  rear  end.  A  bridge 
of  this  type  carries  the  C.  M.  &  St.  P.  Ry.  over  Ogden  Canal  just 
off  the  North  Branch  of  the  Chicago  River  at  Cherry  St.^  It  was 
built  in  1902.     This  road  has  other  bridges  of  the  same  type. 

A  type  of  temporary  wooden  bridge  which  has  been  used  by 
the  New  York,  New  Flaven  &  Hartford  R.  R.^,  consists  of  four 
wooden  deck  trusses  each  of  which  is  pivoted  to  swing  in  a  hori- 
zontal plane.  These  trusses  are  all  pivoted  to  a  swing  beam  near 
their  front  end.  Rods  fastened  to  this  swing  beam  pass  up  to  the 
top  of  a  tower  and  support  the  outer  ends  of  the  trusses  as  the 
l)ridge  is  moved.  \\'hcn  the  bridge  opens,  the  trusses  swing  to- 
gether and  in  the  oj)cn  position  arc  just  far  enough  apart  to  clear. 
The  tower  is  prevented  from  tii)i)ing  forward  when  the  bridge  is  in 
the  nearly  closed  position,  by  tension  rods  which  run  from  the  top 
of  the  tower  to  the  top  of  a  group  of  piles.  It  is  preventeil  from 
tipping  sideways  when  the  bridge  is  open,  by  a  stiff-leg  frame  on 
the  com])ression  side  and  a  tension  rod  on  the  tension  side.  Provi- 
sion is  made  for  lifting  the  front  end  of  the  trusses  a  few  inches 
before  opening  the  bridge  so  as  to  clear  the  support.  The  bridge 
is  operated  by  hand.  When  it  is  closed  the  front  end  rests  upon  pile 
bents  and  the  live  load  is  carried  the  same  as  for  a  simple  span. 

The  Miami  and  Frie  Canal  Transj^ortation  Co.,  of  Cincinnati, 
f^hio,  has  a  charter  for  operating  the  canal  by  electric  towage  using 
trolley  locomotives  on  a  track  along  the  towing  path.  .\t  several 
points  the  track  crosses  the  canal,  and  in  order  to  make  the  curves 
as  easy  as  possible  the  crossing  is  made  on  a  skew  bridge,  of  a  type 
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designed  by  Mr.  Ward  Baldwin."  It  was  desired  to  build  these 
bridges  as  cheaply  as  possible.  The  bridge  consists  of  two  parallel 
plate  girders  pivoted  at  one  end  and  supported  on  vertical  posts  at 
the  other.  The  heels  of  the  girders  are  connected  by  a  semi-cir- 
cular drum  which  rests  on  rollers.  Two  I-beams  framed  between 
the  two  girders  carry  the  center  bearing.  The  posts  under  iho.  outer 
end  of  the  girders  are  carried  on  rollers  which  run  on  a  circular 
steel  track  supported  on  piles  at  the  bottom  of  the  channel.  The 
operating  pinion  is  carried  on  the  lower  end  of  the  post  and  meshes 
with  a  rack  concentric  with  and  just  outside  of  the  steel  track.  A 
recess  is  cut  in  the  side  of  the  canal  to  allow  the  end  post  to  swing 
back  and  leave  the  channel  clear  when  the  bridge  is  open.  The 
bridge  can  be  operated  by  electric  motors  or  by  hand. 

A  temporary  bridge  which  was  built  over  the  Chicago  River^" 
to  accommodate  pedestrians  while  the  new  permanent  bridge  at 
State  Street  was  being  erected,  swings  about  a  pivot  supported  on 
timber  piles  at  one  end  and  is  carried  on  a  pontoon  at  the  other. 
This  design  was  submitted  by  Roemheld  &  Gallery. 

A  horizontal  automatic  swing  bridge,  which  is  used  on  a  canal 
near  Bordentown,  N.  J."  consists  of  a  single  leaf  horizontal  swing 
bridge  with  a  counterbalanced  short  arm.  The  track  is  slightly  in- 
clined toward  the  canal,  and  the  center  of  gravity  of  the  moving 
parts  is  between  the  center  of  rotation  and  the  channel  so  that  when 
the  bridge  is  opened  the  center  of  gravity  is  raised.  The  weight 
of  the  bridge  makes  it  swing  shut.  There  is  no  one  to  tend  the 
bridge,  it  being  opened  by  the  canal  boat  pushing  against  it,  and  is 
closed  by  its  own  weight.  A  number  of  similar  bridges  are  in  use 
on  the  Ohio  State  canals. 

What  is  known  as  the  Victoria  Bridge^-  is  one  of  the  largest 
horizontal  rolling  bridges  Vv'hich  have  been  built.  The  moving  leaf 
is  carried  by  lattice  girders  which  are  supported  by  the  approach 
span.  The  channel  ends  of  the  girders  are  balanced  by  counter- 
weights on  the  shore  end.  To  close  the  bridge  the  moving  leaf 
telescopes  so  as  to  allow  it  to  pass  beneath  the  floor  of  the  approach 
span.  It  is  then  rolled  back  on  wheels  which  run  on  a  track  sup- 
ported by  the  approach  girders.  The  design  was  made  by  Mr.  T.  W. 
Barber  and  was  selected  from  among  eighteen  designs  submitted. 
The  bridge  was  formallv  opened  to  traffic  by  Mr.  Gladstone  June 
2,  1897. 

A  wooden  horizontal  draw  bridge  designed  by  Mr.  C.  E.  Bur- 
roughs of  Norfolk,  Va.  ^",  is  applicable  to  short  spans.  It  consists  of 
a  stringer  span  mounted  on  a  carriage  which  travels  on  an  inclined 
steel  track.  The  carriage  is  inclined  so  that  the  floor  of  the  moving 
leaf  is  always  horizontal.  When  the  bridge  is  closed  the  front  end 
of  the  moving  leaf  rests  on  a  pile  bent  and  the  live  load  is  carried 
the  same  as  on  a  simple  span.  When  the  bridge  is  to  be  opened,  the 
hinged  door  in  the  floor  is  lifted  and  fastened  to  a  hook  provided 
for  the  purpose  and  the  carriage  is  drawn  back  on  the  inclined  track. 
The  combination  of  the  inclined  track  and  hinged  door  in  the  floor 
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allows  the  moving  leaf  to  clear  the  approach  span  as  the  bridge  is 
opened.  The  front  end  of  the  bridge  is  supported  in  the  open  posi- 
tion by  means  of  tie  rods  passing  over  a  gallows  frame.  The  mov- 
ing leaf  is  counterbalanced  by  a  second  carriage  loaded  with  ballast 
and  running  over  a  track  inclined  in  the  op])Osite  direction  from 
the  one  which  carries  the  moving  leaf.  These  two  carriages  are 
connected  by  a  steel  cable.     The  bridge  is  operated  by  hand. 

A  horizontal  rolling  bridge  has  just  been  constructed  over  the 
Milwaukee  River  at  Oneida  St.,  Alilwaukee*'*,  to  take  care  of  the 
foot  traffic  at  this  crossing  while  the  new  permanent  bascule  l:)ridgc 
is  being  erected.  It  consists  of  two  through  trusses  carried  on  a 
countervveighted  carriage  which  runs  on  a  track  supported  on  jjiles. 
The  bridge  is  opened  and  closed  by  running  this  carriage  back  and 
forth  on  the  track.  In  the  closed  position  the  front  end  of  the 
bridge  rests  on  the  dock  and  the  live  load  is  carried  the  same  as  in 
the  case  of  a  simple  span.  The  approach  span  on  the  same  side  of 
the  channel  as  the  track  is  a  platform  parallel  to  the  track.  The 
pedestrians  go  from  the  platform  to  the  deck  of  the  bridge  by  pass- 
ing through  the  next  to  the  end  panel  of  the  truss,  from  which  the 
diagonal  bracing  has  been  omitted.  The  shear  on  this  panel  has 
been  taken  care  of  by  a  plate-girder  in  the  top  chord.  The  passage 
to  the  dock  at  the  opposite  end  of  the  bridge  is  the  same  as  for  an 
ordinary  span.  This  bridge  was  designed  and  constructed  under 
tlie  supervision  of  Mr.  L.  J.  King,  as  Superintendent  of  Bridges  and 
Public  Buildings. 

In  cases  where  the  street  traffic  is  light  and  the  water  traffic 
is  heavy  so  that  the  latter  should  be  given  more  consideration  than 
the  former,  use  is  made  of  what  has  been  called  transporter  bridges. 
One  of  the  more  important  examples  of  this  tyj^e  of  bridge  is  the 
one  over  the  Ship  Canal  at  Duluth,  ]\Iinn.^'  This  bridge  consists 
of  two  structural  steel  towers  about  400  ft.  apart  between  which  is 
a  track  carried  by  steel  trusses.  This  track  supports  carriages  which 
run  back  and  forth  across  the  channel.  Platforms  with  ilecks  level 
with  the  roadway  on  either  side  of  the  channel  are  suspended  from 
these  carriages  by  means  of  a  steel  frame.  When  pedestrians  or 
teams  wish  to  cross  the  channel,  they  walk  onto  this  platform  and 
the  platform  is  carried  across  the  channel  by  the  carriage  to  which 
it  is  attached.  The  clear  headroom  over  the  water  is  135  ft.  The 
bridge  was  built  in  1904  and  1^X)5.  Other  bridges  of  the  same 
ty])e  have  been  in  successful  operation  at  other  jioints. 

Another  type  of  transporter  bridge  crosses  a  narrow  arm  of  the 
sea  between  St.  Malo  and  St.  Servan^' .  on  (lie  north  coast  of  France. 
At  low  tide  the  bed  of  the  sea  is  bare.  A  track  was  laid  on  the 
bed  from  dock  to  dock  and  a  carriage  conveying  a  platform  on  the 
lo|)  of  a  steel  tower,  traveled  back  and  forth  across  the  channel. 
The  bridge  was  (.perated  during  high  tide  and  in  currents  due  to  a 
tide  of  .S  or  6  nautical  knots.  This  bridge  was  devised  and  built  by 
Mr.  Lcroyer,  a  local  architect,  about  1S71  and  was  successfully 
operated   for  a  lunnber  f)f  years 
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As  has  been  previously  stated,  bascule  bridges  were  used  in 
the  early  days  as  a  means  of  defense.  They  have  been  used  to  a 
limited  extent  to  provide  crossings  over  navigable  streams  since 
early  in  the  19th  century,  but  their  use  was  not  common  until  the 
adoption  of  the  bascule  type  for  the  new  Loudon  Bridge.  The 
general  scheme  of  this  bridge  is  shown  in  Fig.  2^'.  The  draw  span 
is  a  double  leaf  bascule  bridge  supported  on  fixed  trunnions  and 
counterbalanced  by  counterweights  attached  to  the  shore  end  at 
such  a  point  as  to  make  the  center  of  gravity  of  the  whole  moving 
structure  fall  at  the  center  of  the  trunnions.  Each  leaf  is  supported 
on  four  lattice  girders.  Instead  of  each  girder  being  supported 
on  a  separate  shaft  the  four  girders  of  each  leaf  are  supported  on  a 
single  shaft  21  in.  in  diameter  and  48  ft.  long.  This  shaft  is  sup- 
ported on  eight  journal  boxes  with  steel  roller  bearings.  These 
journal  boxes  are  carried  on  curved  girders,  one  on  each  side  of  the 
bascule  girders,  which  rest  upon  the  front  and  rear  walls  of  the 
trunnion  piers.  By  curving  these  girders  up  at  the  shore  end  the 
counterweight  falls  below  the  bascule  girders  and  does  not  inter- 
fere with  them  when  the  bridge  is  opened.  When  the  bridge  is 
closed,  a  resting  block  in  front  of  the  trunnion  comes  in  contact 
with  a  live  load  support  and  the  tail  end  is  anchored  to  the  masonry 
so  that  the  moving  leaf  acts  as  a  cantilever.  The  effect  of  the  front 
support  is  to  relieve  the  trunnion  of  the  live  load  and  to  reduce  the 
stress  on  the  anchors  The  bridge  is  operated  by  a  pair  of  pinions 
which  mesh  with  a  rack  quadrant  fastened  to  the  tail  end  o'f  the 
girders.  The  clear  channel  is  200  ft.  and  the  distance  center  to 
center  of  trunnions  is  226  ft.  6  in.  The  counterweight  is  com- 
posed of  lead  and  cast  iron 

Mr.  William  Scherzer  invented  a  rolling  lift  or  bascule  bridge 
but  died  before  any  of  his  bridges  were  constructed.  After  his  death 
the  design  was  taken  up  and  a  large  number  of  his  bridges,  usually 
known  as  the  Scherzer  Rolling  Lift  Bridge,  have  been  constructed" 
and  are  now  in  use.  The  first  one  of  these  bridges  was  built  in 
1895.  It  is  shown  in  Fig.  3^^.  The  bridge  consists  of  two  leaves, 
each  of  which  is  supported  on  two  trusses.  The  tail  ends  of  these 
trusses  are  in  the  form  of  a  circular  arc  and  rest  on  tracks  carried 
by  the  foundation,  counterweighted  so  as  to  bring  the  center  of 
gravity  of  the  moving  leaf  at  the  center  of  the  circular  arc.  The 
bridge  is  opened  by  rolling  the  circular  arc  on  the  track  on  which 
it  rests.  Since  the  center  of  gravity  is  at  the  center  of  the  arc  it  is 
not  raised  or  lowered  as  the  bridge  is  moved,  and  all  the  work 
which  has  to  be  done  is  that  required  to  overcome  the  wind,  fric- 
tion, and  the  inertia  of  the  moving  parts.  Since  the  moving  lea'f 
rolls  back  as  it  is  opened,  the  front  end  does  not  overhang  the  chan- 
nel, and  the  angle  of  opening  and  the  length  of  span  can  be  reduced 
to  a  minimum.  When  the  bridge  is  closed  the  tail  end  is  anchored 
to  the  foundation  and  the  live  load  on  the  front  end  is  carried  by 
the  bascule  trusses  acting  as  cantilevers.  Where  there  is  sufficient 
headroom  over  the  channel  to  permit  of  the  use  of  a  deck  bridge 
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quite  pleasing  effects  may  be  obtained  with  this  type.  Figure  4''-* 
shows  the  212  ft.  double  leaf  highway  and  electric  railway  bridge 
over  the  Connecticut  River  at  Saybrook,  Conn.  The  outline  of  this 
bridge  gives  an  arch  effect  but  the  load  is  carried  as  a  cantilever. 

A  Scherzer  bridge  carries  the  double  track  of  the  Tehauntepec 
National  Railways  of  Mexico-"  across  the  harbor  at  Salina  Cruz, 
Mexico.  When  the  bridge  is  closed  a  pin  at  the  end  of  the  top  chord 
of  one  leaf  engages  a  pin  bearing  at  the  end  of  the  top  chord  of  the 
other  leaf.  Pin  bearings  are  also  provided  where  the  moving  leaves 
rest  upon  their  supports  when  in  the  closed  position  so  that  the 
bridge  is  supported  at  the  three  points  and  the  two  leaves  act  to- 
gether as  a  three-hinged  arch,  to  carry  the  live  load.  A  number  of 
double  leaf  bascule  bridges,  not  only  of  the  Scherzer  but  of  other 
types,  act  as  a  three-hinged  arch  to  carry  the  live  load. 

There  are  a  number  of  Scherzer  Rolling  Lift  Bridges  worthy  of 
note.  The  double  track,  double  leaf  railroad  bridge  over  the  Chi- 
cago River  at  Taylor  St.,  Chicago,  built  in  1901,  is  the  longest  double 
leaf  cantilever  bascule  railroad  bridge  ever  built.  It  has  been  sub- 
ject to  very  heavy  railroad  traffic  and  to  frequent  operations  for  a 
l^eriod  of  thirteen  years  and  is  still  in  use.  A  similar  bridge  which 
has  just  been  completed  forms  the  only  connection  between  the 
island  of  Ceylon  and  the  main  land  of  India.  It  is  described  in  the 
Railway  Age  Gazettk  of  March  2S,  1914,  and  the  LoNboN 
Graphic  of  February  28,  1914. 

Another  Scherzer  Rolling  Lift  Bridge,  notable  because  of  the 
number  of  bridges  together,  is  the  one  known  as  the  eight  track 
bridge  over  the  Drainage  Canal  near  31st  St.,  Chicago.  The  eight 
tracks  of  the  Pennsylvania  Railroad,  the  Baltimore  &  Ohio  Railroad, 
and  the  Chicago  Junction  Railway  are  carried  on  four  independent 
bridges  placed  side  by  side.  By  having  adjoining  bridges  pointing  in 
opposite  directions,  the  tail  of  one  on  the  same  side  of  the  channel 
as  the  front  end  of  the  other,  the  tracks  are  spaced  a  minimum  dis- 
tance apart. 

There  arc  three  multii^le  bridge  Scherzer  Rolling  Lift  r>ridgcs 
on  the  main  line  of  the  N.  Y..  N.  H.  &  IT.  Railroad  ])etween  New^ 
York  and  Boston.  luich  crossing  is  composed  of  three  double  track 
bridges  placed  side  by  side. 

Figure  5  shows  the  bridge  which  carries  the  Pittsburg.  Fort 
Wayne  &  Chicago  Ry.-'  over  the  Miami  and  Erie  Canal  at  Delphos, 
Ohio.  This  bridge,  which  is  of  the  single  leaf  bascule  tyjic,  is  coun- 
terweighted  so  that  the  center  of  gravity  of  the  moving  leaf  is  at  ./. 
the  center  of  the  shaft  about  which  the  leaf  rotates.  A  strut  C  is 
pivoted  to  the  lower  side  of  the  girder  at  D  and  to  the  masonry  at  E. 
The  shaft  .1  carries  the  wheels  JK  for  which  a  track  is  provided  on 
ihe  top  of  the  masonry.  When  the  bridge  is  closed  the  pedestal  A.' 
rests  on  the  pin  R  and  lifts  the  wheels  /?  off  the  track.  To  open  the 
bridge  the  shaft  ./  is  pulled  back  horizontally  by  the  operating  strut 
J.  The  moving  leaf  revolves  about  E  until  the  wheels  B  come  in 
contact  with  the  track,  after  which  the  shaft  .  /  moves  horizontally 
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and  the  leaf  moves  about  A.  This  horizontal  motion  has  the  effect 
of  pulling  the  upper  part  of  the  moving  leaf  back  away  from  over 
the  channel,  thus  reducing  the  length  of  span  required  for  a  given 
channel  and  also  keeping  the  counterweight  away  from  the  front 
wall  of  the  counterweight  pit.     This  bridge,  which  is  the  first  one 


Fig.  4 — Rolling  Lift  Bridge  Over  the  Connecticut  River  at  Saybrook,  Conn. 

of  its  type,  was  designed  and  erected  by  the  Strobel  Steel  Con- 
struction Co.  of  Chicago  in  1901.  It  was  invented  by  Theodior 
Rail.    Through  bridges  of  this  type  have  also  been  built. 

The  largest  bridge  of  this  type  is  the  one  known  as  the  Broad- 
way Bridge,  Portland,  Oregon.     It  is  70  ft.  wide  and  278  ft.  long 


Pig.  4a. — Eight-Track  Bridge,   Chicago. 

center  to  center  of  rollers.  At  the  time  it  was  built  it  was  the  largest 
bascule  bridge  in  the  world. 

Another  Rail  Bridge  crosses  the  Neva.  It  is  described  in  the 
Deutsche  Bauzeitung  of  November  18,  1911. 

Figure  6  shows  what  is  knov/n  as  the  Page  Bascule  Bridge  in- 
vented by  John  W.  Page,  of  Chicago.    The  bridge  shown,  the  first 
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one  built  of  this  design,  is  over  the  Chicago  River  at  Ashland  Ave., 
Chicago.--  It  consists  of  two  pairs  of  through  cantilever  bascule 
trusses  and  two  pairs  of  deck  approach  trusses.  The  bascule  trusses 
are  pivoted  on  the  trunnions  supported  on  the  end  posts  of  the 
approach  spans.  The  shore  ends  of  the  bascule  trusses  extend  back 
of  the  trunnions  and  are  connected  to  the  approach  trusses  by  means 
of  hinged  anchor  struts.  These  struts  are  hinged  to  the  approach 
girders  at  the  lower  end,  and  the  near  and  far  struts  are  connected 
at  the  upper  end  by  means  of  a  heavy  box  girder  to  which  they  are 
pivoted.  This  box  girder  is  supported  on  a  pair  of  rollers  at  each 
end  which  run  on  the  curved  top  chord  of  the  bascule  trusses.  This 
box  girder  carries  the  operating  machinery  which  transmits  the 
power  to  operating  pinions,  one  for  each  truss  of  each  leaf.  These 
pinions  mesh  with  the  racks  which  are  fastened  to  the  top  chord 
of  the  trusses.  The  counterweights  which  balance  the  bridge  are 
of  two  parts,— ^ne  part  is  rigidly  attached  to  the  tail  end  of  the 
bascule  truss,  and  the  other  is  carried  on  the  box  girder.  The  first 
part  has  a  fixed  position  and  the  second  has  a  changing  position 
relative  to  the  trunnion  and  the  center  of  gravity  of  the  movino-  leaf. 
By  properly  proportioning  the  dififerent  dimensions  and  properly 
shaping  the  curved  track  on  the  top  chord  of  the  bascule  truss  the 
bridge  can  be  balanced  in  all  positions. 

A  late  adaptation  of  the  Page  patent^^  is  low  and  has  semi- 
through  trusses  which  greatly  reduce  the  objectionable  appearance 
of  the  Ashland  Avenue  bridge.  The  moving  leaf  is  balanced  by 
the  approach  span  which  is  pivoted  at  the  shore  end  and  is  carried 
by  a  segmental  rocker  at  the  trunnion  end.  This  rocker  rolls  on  a 
curved  surface  on  the  heel  of  the  bascule  trusses  of  such  shape  as  to 
cause  the  bridge  to  be  balanced  in  all  positions. 

A  bridge  built  at  Huron  St.  Milwaukee,  Wisconsin,  is  shown  in 
Fig.  7.-*  It  is  a  double  leaf  bascule  bridge  but  the  motion  of  the 
moving  leaf  instead  of  being  a  motion  of  rotation  about  a  fixed  axis 
is  a  combined  motion  of  rotation  and  translation  produced  by  a 
pivoted  link  and  a  curved  guide.  A  large  triangular  supporting  gir- 
der is  rigidly  anchored  to  the  masonry.  A  strut  or  link  is  pivoted 
to  this  supporting  girder  at  its  lower  left  hand  corner.  At  the  upper 
left  hand  corner  is  a  pair  of  rollers  mounted  on  pins.  The  upper 
end  of  the  strut  is  pivoted  to  the  lower  side  of  the  main  bascule 
girder.  The  tail  end  of  the  bascule  girder  shaped  to  a  smooth 
curved  surface  is  rigidly  supported  by"  web  plates  and  rests  upon 
the  rollers  carried  by  the  supporting  girder.  The  moving  leaf  is 
counterweighted  so  as  to  bring  the  center  of  gravitv  between  the 
supporting  rollers  and  the  strut  pivot  in  the  bottom  of  the  bascule 
girder.  This  causes  the  curved  surface  to  be  pressed  firmly  down 
on  the  rollers.  As  the  bridge  opens  the  center  of  the  upper  strut 
pin,  a  point  in  the  bascule  girder  moves  in  a  circle  about  the  lower 
strut  pin  as  a  center.  The  curved  surface  moves  along  over  the  top 
of  the  supporting  rollers.  The  motion  of  the  center  of  gravity  of 
the  moving  leaf  is  a  combination  of  the  two  motions  just  described 
June,  1914 


570 


Ui/sou — Tyf'es  of  Movable  Bridges 


I 


Wilson — 1  yi'cs  of  Movable  Bridges 


571 


and  by  properly  laying  out  the  curved  surface  it  can  be  made  to 
move  in  a  straight  horizontal  line.  With  such  a  motion  the  bridge  is 
balanced  in  all  positions.  The  moving  leaf  i^s  acted  upon  by  three 
forces,  axial  compression  in  the  strut,  normaf  pressure  of  the  roller 
against  the  curved  surface,  and  the  \\"eight  of  the  moving  leaf 
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acting  vertically  through  its  center  of  gravity.  For  the  bridge  to  be 
balanced  these  three  forces  must  intersect  at  a  common  point.  As 
the  bridge  was  built,  the  tail  end  of  the  bascule  girder  was  allowed 
to  strike  against  a  support  when  in  the  nearly  open  position  and 

June,  1914 


572  Wilson — Ty/^es  of  Movable  Bridges 

relieve  the  pressure  on  the  roller.  When  the  bridge  is  closed  the 
moving  leaf  acts  as  a  cantilever  and  the  strut  and  roller  hold  the 
bridge  in  position  against  the  action  of  the  live  load.  This  design 
was  made  under  the  supervision  of  Mr.  Geo.  H.  Benzenberg,  then 
City  Engineer  for  the  city  of  Milwaukee.  The  bridge  was  opened 
for  traffic  January  1,  1897. 

The  various  bascule  bridges  described  support  the  channel  end 
of  the  moving  leaf  on  the  bascule  trusses  acting  as  cantilevers. 
This  produces  large  dead  load  stresses  in  the  bascule  trusses,  neces- 
sitates the  use  of  comparatively  short  counterweight  arms,  and 
makes  it  necessary  to  carry  the  weight  of  the  counterweight  as  well 
as  the  weight  of  the  moving  leaf  upon  the  trunnions.  By  support- 
ing the  channel  end  of  the  moving  leaf  on  a  cable  passing  over  a 
pulley  at  the  top  of  a  tower  and  fastened  to  a  counterweight  the 
counterweight  arm  is  increased,  the  weight  of  the  counterweight 
and  part  of  the  weight  of  the  moving  leaf  is  removed  from  the  trun- 
nion and  the  dead  load,  and  in  some  cases  the  live  load  is  carried 
on  the  bascule  girders  acting  as  simple  beams.  There  is  the  dis- 
advantage, however,  that  this  type  of  bridge  requires  the  use  of  a 
tower  which  is  expensive  and  usually  unsightly.  A  further  diffi- 
culty lies  in  the  fact  that  the  moment  of  the  weight  of  the  moving 
leaf  about  the  trunnion  varies  through  a  considerable  range  as  the 
bridge  moves,  whereas  the  moment  of  the  counterweight  is  more 
nearly  constant.  This  necessitates  the  use  of  some  special  means  to 
keep  the  bridge  balanced  in  all  positions.  The  taking  care  of  this 
one  feature  has  led  to  the  development  of  various  designs 

One  bridge  of  this  style  built  over  the  Buffalo  River  at  Ohio 
St.,  Buffalo,  New  York,  in  1907,  was  designed  by  Mr.  Brown.  .\ 
diagrammatic  sketch  is  shown  in  Fig.  8.^°  The  bridge  is  a  single  leaf 
bascule  hinged  at  the  point  C  and  balanced  by  means  of  a  counter- 
weight supported  on  a  cable  attached  to  the  moving  leaf  and  passing 
over  a  large  pulley  at  the  top  of  a  tower.  The  cable  is  attached  to 
the  moving  leaf  at  the  point  D  and  jiasscs  over  the  curved  guide. 
F  E.  The  pivot  C  instead  of  being  fixed  is  connected  by  hinged 
struts  to  the  fixed  ]ioint  .  /  ajid  the  point  B  which  is  free  to  move 
between  horizontal  girders.  A  hydraulic  piston  moves  the  point  B 
horizontally.  This  raises  the  point  C  and  causes  the  moving  leaf 
to  revolve  about  C.  As  the  leaf  is  raised  the  moment  of  its  weight 
decreases.  The  curve  of  the  guide  E  F  h  laid  out  so  that  the  coun- 
terweight acting  through  the  cables  produces  a  moment  which  varies 
as  the  moment  of  the  moving  leaf  so  that  the  bridge  remains  bal- 
anced in  all  positions.  When  the  bridge  is  fully  ojien.  forked  guides 
at  G  straddle  the  cable  and  i^rcvent  the  leaf  from  falling  onto  the 
tower.  When  the  bridge  is  closed  it  carries  the  live  load  as  a  sinij^le 
span.  A  similar  bridge  was  built  over  a  slip  by  the  Buffalo  Creek 
R.  R.  and  another  highway  bridge  of  similar  type  is  being  designed 
by  the  city  of  Buffalo. 

The  bridge  at  Harway  Ave..  Brooklyn.  N.  V..  is  .shown  in  Fig. 
9.-"     It   is  a  single  loaf  ha.sculo  bridge  with   fixed   trumiions.     To 
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balance  the  bridge  a  steel  cable  attached  to  the  bascule  girder  passes 
over  a  large  pulley  at  the  top  of  a  tower  and  is  attached  to  a  counter- 
weight which  rolls  on  a  curved  girder.  This  girder  is  so  formed  as 
to  cause  the  counterweight  to  balance  the  moving  leaf  in  all  posi- 
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tions.  When  the  bridge  is  closed  it  carries  the  live  load  as  a  simple 
span.  The  bridge  was  designed  by  Mr.  Joseph  Mayer;  Mr.  E.  S. 
White  was  the  engineer  in  charge,  and  Mr.  J.  S.  Lang-thorn  was 
Resident  Engineer  of  Construction.    It  was  completed  in  1898.     A 
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bridge  of  this  type  was  built  at  Michigan  Ave.,  Buffalo,  N.  Y.,  in 
1897  and  is  still  in  use.  A  number  of  other  bridges  of  the  same  type 
have  since  been  built. 

The  double  leaf  bascule  span  of  the  Rhode  Island  stone  bridge 
over  the  Sakonet  River  between  Portsmouth  and  Tiverton-',  R.  L, 
is  of  a  very  similar  type.  Instead  of  making  use  of  cables  the  front 
end  of  the  moving  leaf  is  supported  by  means  of  struts,  which  are 
pivoted  to  a  carriage  running  on  a  curved  track  supported  on  a 
tower  over  the  approach  span.  The  carriage  carries  the  counter- 
weight and  the  track  is  so  curved  as  to  cause  the  bridge  to  be  bal- 
anced in  all  positions.  When  the  bridge  is  closed  the  carriage  is 
brought  up  against  a  bumper  so  as  to  enable  the  pivoted  strut  to 
support  the  front  end  of  the  moving  leaf  under  the  action  of  the 
live  load.  The  design  was  made  by  Mr.  Augustus  Smith  of  New 
York.    The  bridge  was  completed  in  1908. 

One  of  the  competitive  designs  submitted  for  the  bridge  over 
the  Calumet  River  at  95th  St.,  Chicago-^,  is  a  double  leaf  bascule 
bridge,  for  which  the  moving  leaves  are  supported  by  cables  which 
pass  over  pulleys  on  the  top  of  towers.  Attached  to  each  pulley 
is  a  large  spiral  over  which  passes  a  cable  that  supports  the  counter- 
weight. The  counterweight  slides  between  vertical  guides  and  the 
spiral  is  so  formed  that  the  moving  leaf  is  balanced  in  all  positions. 
This  design  was  submitted  bv  the  Milwaukee  Bridge  &  Iron  Works 
in  1900.  ' 

A  steamboat  striking  the  pivot  pier  of  the  swing  bridge  which 
carried  the  New  York  Central  and  Hudson  River  R.  R.  over  the 
Harlem  River  at  135th  St.,  New  York,  a  point  where  the  traffic  is 
congested,  while  not  putting  the  bridge  out  of  commission  impressed 
upon  the  officials  of  the  road  the  desirability  of  having  an  emergency 
draw  span  to  be  used  in  case  the  regular  span  should  be  out  of  com- 
mission. A  bridge-''  was  put  in  place  of  the  fixed  span  adjoining  the 
swing  span.  It  consists  of  a  double  track  plate  girder  span  hinged 
at  one  end  and  resting  upon  a  pier  at  the  other.  Cables  fastened 
to  the  outer  end  of  the  moving  leaf  pass  over  a  wheel  supported  on  a 
tower,  down  to  and  around  the  drum  of  a  hoisting  engine  and  thence 
up  and  over  wheels  at  the  top  of  the  tower.  Weights  hung  on  the 
end  of  this  cable  balance  the  bridge.  There  are  two  sets  of  these 
weights  and  each  set  is  made  up  of  23  parts  jilaced  one  upon  an- 
other. The  cable  passes  through  holes  in  the  centers  of  the  top  22 
weights  and  is  fastened  to  the  23rd  weight.  Brackets  ]iroject  from 
the  weights  and  engage  projecting  angle  supports  on  the  tower  pro- 
vided for  the  purpose.  These  supports  are  -so  arranged  that  one 
after  another  of  the  weights  arc  removed  as  the  counterweight  is 
lowered  so  that  just  enough  reiuain  on  the  cable  at  each  j^osition 
to  balance  the  bridge.  The  bridge  was  designed  by  Mr.  G.  H. 
Thompson,  then  Engineer  of  Bridges  for  the  N.  Y.  C.  &  H.  R. 
R.  R.  It  was  liuilt  about  18^2,  and  was  afterwards  used  as  a  teni- 
l><M-ary  bridge  during  the  reconstruction  at  Siniytcn  Duyvil  Creek. 
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The  jack-knife  type  of  drawbridge  was  used  over  the  Chicago 
River  at  Weed  St.,  Chicago.^"  The  bridge  is  composed  of  two 
similar  leaves.  Each  leaf  is  made  up  of  two  parts  connected  by  a 
hinge.  Steel  rods  extend  from  the  top  of  a  tower  to  the  outer  end 
of  the  leaf  and  steel  cables  from  the  top  of  the  tower  to  a  point 
near  the  hinge  connecting  the  two  parts.  The  rear  part  of  the  leaf 
is  pivoted  on  a  fixed  trunnion  near  its  center.  A  counterweight 
hung  from  the  end  of  a  steel  cable  passes  over  a  i)ulley  and  over  a 
cam.  This  cam  is  fastened  to  a  shaft  which  also  carries  a  drum.  A 
steel  cable  fastened  to  this  drum  passes  over  and  is  fastened  to  a 
segment  which  is  rigidly  attached  to  the  rear  portion  of  the  moving 
leaf.  The  radius  of  the  cam  varies  so  that  the  bridge  is  balanced 
in  all  positions.  The  operation  of  the  bridge  is  as  follows:  When 
the  bridge  is  closed  the  front  end  and  hinge  of  the  moving  leaf  are 
supported  by  rods  and  cables  respectively  passing  up  to  the  top  of 
the  tower,  and  the  rear  portion  of  the  moving  leaf  is  supported  on 
the  trunnion.  In  opening,  the  rear  portion  of  the  moving  leaf  turns 
upon  its  trunnion.  The  hinge  joining  the  two  parts  of  the  moving 
leaf  moves  in  a  circle  about  the  trunnion,  and  the  front  end  of  the 
moving  leaf  moves  in  a  circle  about  the  top  of  the  tower.  This 
motion  causes  the  middle  of  the  moving  leaf  to  go  up  and  the  two 
ends  to  come  down,  leaving  the  channel  clear  between  the  towers. 
It  was  invented  by  Mr.  Wm.  Harman  and  was  opened  for  traffic 
April  18,  1891.- 

A  bascule  bridge  over  the  Cuyahoga  River  at  Cleveland,  Ohio^\ 
which  was  built  in  1907,  was  designed  by  the  Cowing  Engineering 
Co.  of  Cleveland  anrl  is  of  a  type  invented  by  John  P.  Cowing.  The 
bridge  is  a  double  leaf  bascule,  but  instead  of  the  leaves  turning 
about  fixed  trunnions  the  rear  ends  of  the  girders  are  made  in  the 
form  of  a  circular  arc  and  set  in  and  roll  upon  a  nest  of  29  ten-inch 
anti-friction  rollers  arranged  in  the  form  of  a  circular  arc.  The 
center  of  gravity  of  the  moving  leaf  is  at  the  center.  As  the  bridge 
is  opened  the  girder  rolls  on  the  nest  of  rollers  and  the  center  of 
gravity  of  the  moving  leaf  remains  stationary. 

The  original  structures  over  the  Chicago  River  at  Chicago  were 
swing  bridges.  These  are  being  gradually  replaced  by  bascule 
bridges  in  order  to  free  the  channel  of  the  center  piers.  The  more 
recent  of  these  bridges  have  l)een  designed  by  the  Bridge  Depart- 
ment of  the  City.  AH  of  them  are  of  the  fixed  trunnion  bascule 
type  with  the  counterweight  rigidly  attached  to  the  tail  end  of  the 
trusses,  and  so  located  as  to  liring  the  center  of  gravity  of  the  mov- 
ing parts  at  the  renter  of  the  trunnion. 

The  first  bridge  to  be  <lesigned  by  the  city  of  Chicago  Is  the 
one  at  Clybourn  Place. ^^  Each  leaf  is  supported  by  three  trusses, 
each  of  which  is  carried  on  a  trunnion  whose  bearings  rest  upon 
longitudinal  girders  which  span  the  counterweight  pit.  There  is  a 
l^air  of  these  girders  for  each  truss  and  they  are  spaced  just  far 
enough  apart  to  allow  the  tail  end  of  the  truss  to  swing  between 
them.     The  span  being  comiiarativelv  short  and  there  being  three 

Vol.  XIX.  \...  fi 


Wilson — Types  of  Movable  Bridges  577 

trusses  for  each  leaf,  sufficient  counterweight  is  obtained  by  bolt- 
ing cast  iron  blocks  to  the  tail  ends  of  the  trusses.  These  l)locks 
are  so  narrow  that  they  pass  between  the  girders  which  support 
the  trunnion  bearings.  This  design  was  prepared  by  Mr.  Edward 
Wilman,  City  Bridge  Engineer,  and  ^.ir.  John  Ericson,  City  Engi- 
neer, with  a  view  to  its  adoption  for  all  bascule  bridges  over  the 
Chicago  River. 

Some  of  the  later  bridges  had  the  trunnions  supported  on  in- 
verted A-frames  instead  of  girders.  The  back  ends  of  these  frames 
were  high  enough  to  allow  the  counterweight  to  extend  from  truss 
to  truss,  thus  increasing  the  volume  and  decreasing  the  unit  weight. 
The  Kinzie  St.  bridge^''  is  of  this  type.  For  both  the  Clybourn 
Place  Bridge  and  the  Kinzie  St.  Bridge  the  live  load  on  the  moving 
leaf  is  carried  on  the  bascule  trusses  acting  as  cantilevers.  The  main 
trunnions  act  as  the  front  supports,  and  anchors  in  the  masonry 
hold  down  the  tad  end. 

A  further  development  is  noted  in  the  bridge  at  Washington 
St.,  which  has  just  been  completed.  Instead  of  there  being  a  longi- 
tudinal girder  on  each  side  of  the  trusses  to  support  the  trunnion 
bearings,  a  longitudinal  girder  outside  of  each  truss  supports  a  cross 
girder  which  carries  the  trunnion  bearings.  This  is  partly  shown 
in  Fig.  10.^*  The  cross  girder  passes  through  the  bascule  truss, 
which  is  of  such  design  that  no  web  members  interfere  with  the 
cross  girders  as  the  bridge  is  opened.  The  absence  of  the  inside 
longitudinal  girders  permits  of  the  use  of  a  large  counterweight 
volume  and  a  low  unit  weight.  There  is  a  support  in  front  of  the 
main  trunnion  to  take  the  live  load  when  the  bridge  is  closed. 

The  new  bridge  at  Jackson  St.,  for  which  plans  have  been  made, 
is  to  be  of  the  same  general  type  as  the  one  at  Washington  St., 
except  that  it  will  be  a  deck  bridge. 

The  Bridge  Department  of  the  City  of  Chicago  has  prepared 
plans  for  the  proposed  bridges  at  West  Lake  St.^"'  and  at  Michigan 
Blvd.^".  Both  of  these  bridges  are  to  be  double-deck  structures  and 
both  are  designed  as  double  leaf  bascule  bridges.  In  the  method 
of  handling  the  bridges  and  supporting  the  trunnions  they  are  simi- 
lar to  the  one  at  Washington  St. 

Other  fixed  trunnion  bascule  bridges  with  counterweight  rigidly 
attached  to  the  bascule  trusses  differ  from  the  bridges  just  described 
in  having  the  trunnions  above  the  roadway  instead  of  underneath. 
The  countervv^eight  is  over  the  roadway  when  the  bridge  is  closed. 
The  False  Creek  Bridge^'  at  Westminster  Ave..  Vancouver,  B.  C, 
is  of  this  type,  and  was  designed  by  Waddell  and  Harrington. 

The  crossing  over  the  Oswego  Canal  at  North  Salina  St.,  Syra- 
cuse, N.  Y.,  presented  unusual  conditions.  The  street  crosses  the 
channel  at  an  acute  angle  so  that  if  the  bridge,  which  is  a  single 
leaf  bascule,  had  been  placed  with  the  bascule  girder  parallel  to  the 
center  line  of  the  street  the  span  would  have  been  excessive  for  the 
required  width  of  channel.  In  the  design  used  the  bascule  girders 
were  placed  normal  to  the  channel  as  shown  in  Fig.  11."*     A  cross 
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girder  is  framed  across  the  front  end  of  the  two  bascule  girders  and 
cantilevered  out  to  carry  the  triangular  section  of  the  floor  to  the 
leit  A  similar  girder  extends  to  the  right  near  the  trunnion  to 
carry  a  similar  section  of  the  floor.     These  cantilevered  girders 


however,  carry  only  the  dead  load,  as  pedestals  are  provided  to  sup- 
port them  at  various  points  when  the  bridge  is  closed  The  brido-e 
M-as  designed  by  the  Bridge  Department  of  the  State  Enginee?s 
office  under  Mr.  Wm.  R.  Davis,  Chief  Bridge  Designer.  It  was 
opened  to  traffic  in  1908. 
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Figure  12^"  is  a  schematic  drawing  showing  the  principles  of 
the  various  types  of  what  are  known  as  Strauss  Bascule  Bridges. 
While  there  are  many  modifications  of  the  Strauss  Bascule  Bridges, 
they  all  belong  to  some  one  of  the  three  types  shown  and  know'n 
as  "Heel  Trunnion,"  "Overhead  Counterweight,"  and  "Underneath 
Counterweight."  For  all  three  types  the  counterweight  is  con- 
nected to  the  moving  leaf  by  means  of  a  parallelogram  whose  sides 
are  steel  members  hinged  at  the  intersection  point.  The  use  of 
this  parallelogram  eliminates  the  necessity  of  having  the  center  of 
gravity  of  the  counterweight  on  a  line  through  the  center  of  gravity 
of  the  moving  leaf  and  the  center  of  the  trunnion.  This  makes  it 
possible  to  locate  the  counterweight  where  it  will  not  interfere  with 
traffic  or  other  parts  of  the  structure.  All  three  of  these  types  of 
bridges  are  balanced  in  all  positions  and,  for  all  of  them,  the  dead 
load  pier  reactions  are  always  vertical  and  remain  constant  through- 
out the  movement  of  the  bridge.  These  bridges  are  designed  by  the 
Strauss  Bascule  Bridge  Company  of  Chicago.  The  first  Strauss 
bridge  to  be  built  is  the  one  w^hich  carries  the  Wheeling  and  Lake 
Erie  R.  R.  over  the  Cuyahoga  River  at  Cleveland,  Ohio.*^  It  is  of 
the  overhead  counterweight  type.  The  moving  leaf  is  hinged  at  the 
main  trunnion  at  a  point  nearly  in  line  with  the  bottom  chord  of  the 
truss.  The  counterweight  is  supported  on  a  steel  frame  pivoted  to 
the  tail  end  of  the  bascule  truss  at  the  lower  end  and  pivoted  to  a 
link  at  the  upper  end.  This  link  which  is  pivoted  to  the  tower  pre- 
vents the  counterweight  .from  tipping.  The  main  trunnion  and  the 
counterweight  trunnion  are  on  a  line  passing  through  the  center  of 
gravity  of  the  moving  leaf  and  when  combined  with  the  two  link 
pins  form  a  parallelogram.  The  inside  trunnion  bearing  is  supported 
on  a  cross  girder  which  passes  through  the  bascule  truss  whose 
members  are  so  placed  that  the  cross  girder  does  not  interfere  with 
the  truss  as  the  bridge  is  opened.  This  bridge  was  opened  for  traf- 
fic October  14,  1905.  A  later  form  of  the  overhead  counterweight 
type  is  shown  in  Fig.  13.^^  This  bridge  was  built  for  the  Boston  & 
Maine  R.  R.  at  Manchester.  The  counterweight  frame  is  vertical 
and  both  the  inside  and  outside  trunnion  bearings  are  carried  on 
steel  columns  which  rest  directly  upon  the  masonry.  It  was  com- 
pleted during  the  summer  of  1911. 

What  is  known  as  Knippel's  Bridge,  Copenhagen,  Denmark*^, 
is  of  the  overhead  counterweight  type.  Large  monumental  towers 
which  enclose  the  counterweights  and  provide  operator's  houses  give 
the  bridge  a  very  pleasing  appearance.  The  bridge  has  two  leaves 
which  when  closed  rest  on  pins  so  located  as  to  enable  them  to  act 
together  as  a  three-hinge  arch  to  carry  the  live  load.  This  bridge 
was  completed  in  1909. 

Figure  14*^  shows  the  new  Strauss  double  leaf  heel  trunnion 
bridge  which  carries  the  track  of  the  Canadian  Pacific  Ry.  over 
the  U.  S.  Ship  Canal  at  Sault  Ste.  Marie.  Mich.  Each  leaf  is  pivoted 
on  a  trunnion  nearly  in  line  with  the  lower  chord.  The  counter- 
weight is  supported  on  a  pair  of  trusses  which  are  pivoted  on  the 
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top  of  a  tower.  The  front  ends  of  the  counterweight  trusses  ar^ 
connected  to  the  moving  leaf  by  means  of  a  pair  of  Hnks  pivoted  at 
each  end.  The  main  trunnion,  counterweight  trunnion  and  the  two 
hnk  pins  form  a  parallelogram.  By  having  the  center  of  gravity  of 
tlie  counterweight  on  a  line  through  the  center  of  the  counterweight 
trunnion,  parallel  to  a  line  through  the  center  of  the  main  trunnion 
and  the  center  of  gravity  of  the  moving  leaf,  the  bridge  is  balanced 
in  all  positions.  This  bridge  is  of  special  interest  because  of  the 
fact  that  it  is  the  only  double  leaf  heel  trunnion  bridge  which  the 
Strauss  Bascule  Bridge  Co.  have  designed  and  because  of  the  fact 
that,  as  far  as  the  writer  is  aware,  it  is  the  only  double  leaf  bridge 


Fig.  ]:{.— Bascule  Bridge  for  P..  &  M.  K.  R..  -Manolicster.  N.  H. 


which  has  ever  been  built  for  wliich  a  moment  lock  is  provided  at 
the  center.  A  comi^ression  and  shear  lock  is  provided  at  the  center 
of  the  top  chord  and  a  tension  lock  is  i)rovided  at  the  center  of  the 
bottom  chord.  These  locks  enable  the  section  at  the  center  of  the 
bridge  to  act  together  as  a  simple  span  to  supjiort  the  live  load.  The 
distance  center  to  center  of  trunnions  is  336  ft. 

Figure  15**  shows  the  Strauss  heel  trunnion  bridge  which  is  to 
carry  the  R.  &  O.  R.  R.  over  the  Calumet  River  at  South  Chicago. 
It  is  a  double  track  bridge  and  is  claimed  to  be  the  longest  single 
leaf  bascule  bridge  in  the  world.  The  lenglh,  center  to  center,  of 
supjxirts  is  23.^  ft.     The  moving  leaf  is  comjileted  and  was  closed 
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in  the  spring  of  1913  but  has  not  been  jiut  in  service  because  other 
track  changes  are  yet  to  be  made. 

Dr.  J.  A.  L.  Waddell  has  designed  a  number  of  tlic  more  recent 
vertical  lift  bridges.  The  first  one  built  after  his  design  is  at  South 
Halsted  St.,  Chicago.^^  Steel  cables  fastened  to  the  four  corners 
of  the  lift  span  pass  over  large  wheels  supported  on  towers  at  the 
ends  of  the  span.  Counterweights  supported  on  these  cables  balance 
the  lift  span.  While  the  bridge  is  moving  it  is  held  in  place  by 
guides  on  the  tower.  The  lift  span  is  130  ft.  long  and  has  a  vertical 
motion  of  142  ft.  6  in.,  giving  a  clear  head  room  when  open  of 
155  ft. 

Figure  16*'"'  shows  the  vertical  lift  span  of  the  bridge  over  the 
Missouri  River  at  Kansas  City.  The  structure,  which  is  double  deck, 
carries  a  railroad  on  the  lower  deck  and  a  highway  on  the  upper 


Fig.  14.— Bascule  Bridge  for  C.  P.  R.  R.  at  Sault  Ste.  Marie.  Midi. 


deck.  The  lower  deck  which  is  suspended  from  the  upper  deck  by 
means  of  rods  can  be  raised  by  telescoping  the  rods  into  the  posts 
of  the  upper  truss.  The  upper  truss  is  fixed.  The  lower  deck  has 
a  vertical  movement  of  50  ft.,  which  gives  a  minimum  clear  head 
room  of  65  ft.  above  standard  high  water.  This  bridge  is  of  addi- 
tional interest  because  of  the  length  of  span  which  is  428  ft.,  pro-, 
viding  a  clear  channel  of  413  ft.,  which  is  the  widest  provided  by  any 
movable  bridge  in  the  world.  The  double  deck  vertical  lift  bridge 
at  Willamette  River  at  Portland,  Oregon^'  has  a  lower  deck  which 
can  be  raised  by  telescoping  the  suspension  rods  which  support  it, 
into  the  vertical  posts  of  the  upper  deck  so  as  to  provide  for  the 
passage  of  ordinary  boats.  To  provide  for  the  passage  of  tall- 
masted  vessels,  after  the  lower  deck  has  been  raised  until  it  comes 
nearly  up  to  the  upper  deck,  the  two  are  lifted  together  so  as  to 
provide  an  underneath  clearance  of  140  ft.  above  high  water.     The 
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two  decks  are  counterbalanced  independent  of  each  other.  Roth 
of  tlicse  bridges  were  designed  by  Waddell  and  Harrington,  Con- 
suhing  Engineers  of  Kansas  City. 

Figure  17*^  shows  a  type  of  vertical  Hft  bridge  which  is  of 
recent  invention.  Near  each  end  the  top  chord  of  the  lift  span  is 
hinged  to  the  lower  end  of  a  hanger.  A  pivot  near  the  center  of 
the  hanger  connects  it  to  tlie  end  of  a  truss  which  is  supported  near 
the  center  of  its  lx)ttom  chord  by  means  of  a  trunnion  carried  on 
the  top  of  a  tower.  A  counterweight  is  pivoted  to  the  opposite  end 
of  the  truss.  A  pivoted  link  connects  the  top  of  the  hanger  and  the 
top  of  the  counterweight.  As  the  lift  span  is  raised  the  lower 
hanger  pin  moves  in  a  vertical  line  and  the  hanger  trunnion  moves 


Fig.  17. — Vertical  Lift  Bridge  at  Tacoma,  Wash. 


in  a  circle  about  the  main  trunnion  as  a  center.  This  inclines  the 
hanger  and  since  the  hanger  link,  counterweight,  and  l)Ottom  chord 
of  the  counterweight  truss  form  a  iiarallelogram.  the  counterweight 
is  inclined  an  equal  amount.  The  weight  of  the  lift  si)an  hanging 
from  the  lower  end  of  the  hanger  tends  to  make  it  return  to  the 
vertical  position.  This  tends  to  put  compression  in  the  link.  At 
the  same  time,  the  counterweight  being  inclined  it  tends  to  fall 
toward  the  channel  and  also  tends  to  ]nit  compression  in  the  link, 
'•y  properly  proportioning  the  weights  and  dimensions  the  action  of 
the  counterweight  can  be  made  to  exactly  balance  the  action  of  the 
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weight  of  the  moving  leaf.  For  the  bridge  to  be  properly  balanced, 
not  only  must  the  moment  of  the  counterweight  about  the  lower 
counterweight  pin  be  equal  and  opposite  to  the  moment  of  the  mov- 
ing leaf  about  the  hanger  trunnion  but  their  moments  about  the 
main  trunnion  must  also  balance.  To  effect  this  latter  balancing  a 
second  or  auxiliary  counterweight  is  provided  which  is  rigidly  at- 
tached to  the  counterweight  truss  just  below  the  pivoted  counter- 
weight. The  bridge  shown  in  the  figure  was  designed  by  the  Strauss 
Bascule  Bridge  Co.  for  the  Northern  Pacific  R.  R.  over  Steilacoom 
Creek  at  Tacoma,  Washington. 

No  bridges  of  this  type  have  been  built,  but  a  number  of  them 
have  been  contracted  for  during  the  last  year  and  a  half. 

Figure  18^^  shows  a  type  of  vertical  lift  bridge  developed  by 
the  Strobel  Steel  Construction  Co.  With  this  bridge  the  weight 
of  the  moving  leaf  is  counterbalanced  by  a  counterweight  on  the 
outer  end  of  a  truss  which  rocks  over  the  top  of  a  tower.  For  the 
bridge  shown  in  the  left  of  the  figure,  pivot  C  is  supported  on  rollers 
which  move  back  and  forth  as  is  necessary  while  the  point  B  moves 
in  a  vertical  line.  I'or  the  bridge  shown  in  the  right  of  the  figure 
the  corresponding  horizontal  motion  is  provided  by  means  of  a  roller 
at  G. 

APPENDIX. 

Sources   from   which   the   information   concerning   the   different   bridges 
was  obtained. 

1.     Trans.  Am.  Soc.  C.  E.,  Vol.  1.3.    March,  1884,  p.  67. 

:.'.     Scientific  American  Supplement,  Jan.  14,  1888,  p.  1002:?. 

3.  Cut  furnished  by  Waddell  &  Harrington,  Consult.  Engrs.,  Kansas  City, 

Mo. 

4.  Engineering,  May  29,  1896,  p.  699. 

.^).  Engineering  News,   Sept.  20,   1900.     Vol.   XMV,   p.    190. 

6.  London    Engineer,   Jan.    28,    1912,   p.    668. 

7.  Railway  Age,  March  7,  1902,  p.  290. 

8.  Engineering  Record,   Jan.   4,   1908,   p.   13. 

9.  Engineering  News,  Oct.  22,   1903,  p.  372.     Vol.  L. 

10.  Engineering  News,  Aug.  21.  1902,  p.  12.'>.     Vol.  XLVIII. 

11.  Proceedings  Engrs.   Soc.  of  Western   Penn.     Vol.  2"),  p.    14. 

12.  Engineering,  June  11,  1897. 

13.  Engineering  Record,  Aug.   10,   1895,  p.   184. 

14.  Engineering  News,  Jan.   30.   1913,  p.   210. 

15.  Dufour's    Bridge    Engineering,    p.    206. 

16.  Sanitary  Engr.,  April  23,  1887,  p.  545. 

17.  Proceedings,  Brooklyn  Engrs.  Club.     Vol.  8,  p.  108. 

18.  Scherzer  Rolling  Lift  Bridge  Co.'s   Catalog,  p.  61. 

19.  Photograph '  furnished  by  Scherzer  Rolling  Lift  Bridge  Co. 

20.  Photograph   furnished  by  Scherzer  Rollmg  Lift   Bridge  Co. 

21.  Engineering  News,   May  25,   1905,  p.   546. 

22.  Engineering    News,    April   25,    1901. 

23.  Engineering  News,  April  25,  1901. 
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TOPOGRAPHY  OF  THE  BED-ROCK  UNDER 
CHICAGO 

Roderick  Peattie. 
Presented  February  J/,    1913. 

All  firms  of  architects,  building  engineers,  contractors,  founda- 
tion engineers,  or  drillers  have  detailed  information  on  the  depth 
of  the  bed-rock  under  the  buildings  on  which  they  have  worked. 
But  their  knowledge  of  the  surface  of  the  rock  under  the  whole 
city  has  been,  in  many  cases,  only  local  and  fragmentary.  As  larger 
buildings  were  being  erected  farther  and  farther  from  the  loop  dis- 
trict, there  arose  a  demand  for  a  better  conception  of  the  general 
trend  of  the  rock  topography.  It  was  this  demand  that  caused 
Dr.  Wallace  W.  Atwood  to  initiate,  for  the  Chicago  Academy  of 
Sciences,  an  investigation  of  the  depth  of  bed-rock  under  the  city 
of  Chicago ;  and  this  paper  is  one  of  the  results.  Never  before,  I 
believe,  has  any  great  amount  of  such  information  been  catalogued 
except  by  the  late  T.  T.  Johnston,  of  the  Sanitary  District  of 
Chicago,  who  collected  some  1,400  caisson  and  well  records.  A 
search  was  made  for  these,  but  they  could  not  be  found. 

The  investigation  was  started  with  the  idea  of  cataloguing  the 
data  from  the  various  offices  in  some  available  form ;  of  making 
a  contour  map  of  the  surface  of  the  Niagara  limestone,  represent- 
ing the  relief  as  if  all  the  loose  material  were  stripped  off;  and, 
if  possible,  of  making  a  model  for  popular  exhibition.  The  cata- 
logue was  to  be  retained  at  the  Academy  library  for  ready  refer- 
ence, and  the  map  was  to  be  printed  and  distributed  to  those  whom 
it  would  interest.  This  map  was  to  be  not  merely  a  collection  of 
the  data,  but  it  was  hoped  that,  by  its  means,  it  would  be  possible 
to  anticipate  the  depth  of  the  foundation  rock  in  parts  of  the  city 
where  hitherto  no  caissons  had  been  sunk.  This  was  to  be  accom- 
])lished  by  the  map-maker  through  the  interpolation  of  contours 
froni  known  regions  that  surrounded  the  district,  and  by  a  knowl- 
edge of  the  general  behavior  of  contour  lines.  The  jnirpose  of  the 
model  was  to  give  the  teachers  of  the  jniblic  schools,  with  whom 
the  Academy  is  always  in  active  cooperation,  some  idea  of  the  relief 
of  the  rock ;  and  also  to  convey  to  the  museum  visitor  at  least  a 
rough  knowledge  of  the  rock  surface. 

The  catalogue  of  well  borings  and  caisson  borings  has  material- 
ized, in  the  form  of  a  card  index*,  and  contains  some  2.000  records. 
These  are,  however,  the  averages  of  many.  Where  a  building  had, 
say,  sixty  caissons,  all  witliin  a  short  distance  of  each  other  and  not 

*A  copy  of  this  card  index  is  in  the  lilirary  of  tlie  Western  Society 
of  Engineers,  by  courtesy  of  the  Chicago  Academy  of  Sciences. 
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varying  greatly  in  depth,  the  record  is  merely  an  average  of  the  lot. 
I  found  that  if  I  attempted  to  record  all  the  little  irregularities  I 
did  not  make  much  headway.  As  the  purpose  was  to  discover  the 
depth  of  rock  under  the  adjacent  piece  of  land,  only  the  genetfel 
trend  was  of  value.  The  records  are  catalogued  by  streets,  as  no 
other  system  is  intelligible  to  the  layman.  The  street  farthest  north 
had  its  data  filed  first ;  where  there  were  several  drillings  on  one 
street  the  drilling  farthest  west  received  first  attention. 

The  contour  map  (which  is  not  yet  available)  will  probably 
be  of  greater  value  than  either  of  the  other  forms,  as  it  is  intended 
for  use  by  such  men  as  the  members  of  this  Society.  This  map 
when  finished  will  have  a  contour  interval  of  10  ft.  Data  are  not 
at  present  numerous  enough  to  allow  the  use  of  a  5  ft.  contour,  and 
it  is  doubtful  that  this  will  ever  be  the  case,  with  the  exception  of 
the  loop  district  and  perhaps  some  of  the  surrounding  manufactur- 
ing districts.  The  map  is  accurate,  so  far  as  it  goes,  but  there  are 
details  in  the  contours  that  are  not  recorded  here.  This  is  proven 
by  the  many  irregularities  in  the  contours  of  the  loop  section  where 
more  information  was  available.  1  can  see  no  reason  to  expect  that 
the  other  level  lines  will  be  more  nearly  regular,  except  those  west 
of  the  divide,  which  would,  of  course,  have  fewer  deviations  owing 
to  the  milder  slopes. 

For  the  model  I  do  not  claim  any  great  degree  of  accuracy. 
Its  information  at  best  is  but  general,  and  it  now  holds  as  much' 
detail  as  will  be  observed  by  the  casual  museum  visitor. 

Some  seventy  firms  were  visited,  among  whom  were  many 
prominent  houses  in  the  city.  About  forty  of  the  seventy  firms  were 
kind  enough  to  furnish  data,  and  some  went  to  considerable  trouble 
to  obtain  it.  Some  firms  refused  to  furnish  the  information  be- 
cause they  considered  it  their  stock  in  trade,  and  others  did  not  think 
it  worth  while  to  look  up  their  records.  They  did  not  comprehend 
that  to  pool  their  data  with  other  offices  would  be  of  mutual  bene- 
fit, for  the  data  would  be  not  only  a  source  of  general  information 
for  their  estimators  but  would  result  in  actual  money  returns  to 
them.  The  map  will  perhaps  never  be  finished,  but  it  will  be  revised 
from  time  to  time  as  more  data  are  accumulated.  The  more  de- 
tailed it  becomes,  the  more  valuable  it  will  be,  and  it  is  only  through 
cooperation  that  it  can  be  developed. 

Referring  to  the  description  of  the  surface  of  the  rock,  the  zero 
contour  represents  the  city  datum.  Minus  10  ft.  ties  up  all  points 
10  ft.  below  datum,  and  so  on.  You  will  notice  that  a  divide  starts 
at  the  north  end  of  Lincoln  Park  at  the  height  of  about  — 20  ft. 
The  col  or  pass  between  this  and  the  next  hill  of  the  divide  is  as 
low  as  — 65  ft.  The  peak  of  the  next  hill  (Kinzie  Street  and 
Western  Avenue),  reaches  the  greatest  height  of  any  of  the  rock 
hills.  The  rock  here  is  25  ft.  above  the  level  of  the  Lake.  The 
divide  then  swings  about  to  a  smaller  hill,  whose  apex  at  Cicero 
Avenue  and  31st  Street  is  10  ft.  above  datum.    The  watershed  then 
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goes  southeast  until  at  63rd  Street  and  Ashland  Avenues,  at  about 
25  ft.  in  elevation,  it  turns  and  runs  southwest  to  the  corner  of  the 
area  mapped.  To  the  west  of  this  divide  is  a  gently  sloping  area 
which,  as  far  as  can  be  discovered,  never  reaches  a  greater  depth 
than  50  odd  feet  below  datimi.  A  great  deal  of  this  western  region 
is  mapped  on  insufficient-  data,  as  a  few  isolated  factories  and  the 
drainage  canal  were  the  only  sources  of  information.  For  the  ex- 
istence of  such  a  contour  as  the  40  ft.  line  directly  west  of  55th 
Street,  I  have  no  real  justification,  but  from  the  shape  and  proximity 
of  the  other  contours  I  cannot  help  thinking  that  the  40  ft.  contour 
is  there.  Another  section  where  data  are  lacking  is  the  one  shown 
at  the  extreme  southwest  corner  of  the  map.  Here  the  records 
show  a  canyon  60  ft.  deep.  From  the  narrowness  of  the  canyon,  its 
shape,  and  sudden  termination  (this  canyon  has  been  followed  be- 
yond the  limits  of  the  map),  together  with  the  uncertain  accuracy 
of  the  data,  its  existence  is  doubtful. 

The  factories  of  South  Chicago,  and  the  soundings  made  by 
the  U.  S.  War  Department  and  the  Illinois  Steel  Co.  in  making  boat 
slips  in  Calumet  Harbor,  furnished  me  with  ample  material  for 
accurately  making  the  contours  of  the  next  hill  north.  The  rock 
comes  to  the  surface  in  one  section  here,  which  facilitated  the  map- 
ping. The  well-known  outcrop  at  79th  Street  and  the  Lake,  and  the 
old  quarry  at  75th  Street  and  Railroad  Avenue  three  blocks  back 
from  the  Lake,  mark  the  top  of  a  hill.  Four  blocks  north,  at  the 
water  tunnel  at  73rd  Street,  the  rock  dips  until  it  is  52  ft.  belo\v^ 
(latum.  This  tunnel,  which  continues  west  to  State  Street  and 
thence  south  to  104th  Street,  has  furnished  data  where  they  would 
be  otherwise  wanting.  The  depression  to  the  north  continues  to 
deepen  until  it  reaches  tlie  — 90  ft.  contour.  This  contour  has  eaten 
back  until  it  crosses  Cottage  Grove  Avenue.  An  arm  of  this  valley, 
marked  by  the  — 70  ft.  contour,  reaches  to  the  north  as  far  as  63rd 
Street  at  Stony  Lsland  Avenue.  To  the  north  of  this  is  a  pass 
into  the  next  valley  wiiich  is  25  ft.  below  the  surface.  To  the  east 
of  it  is  a  hill,  the  top  of  which  is  only  10  to  20  ft.  below  the  sur- 
face of  tlie  Lake.  The  present  Field  Columbian  Museum  records 
itself  as  being  on  the  side  of  a  hill,  for  its  well  rccoril  reads  65  ft. 
to  rock,  and  1,000  ft.  to  the  east  the  rock  is  only  15  ft.  below  the 
surface. 

The  next  district  of  numerous  data  is  the  Stock  Yards.  From 
llience  on,  the  data  are  excellent  both  in  (|uantity  and  in  accuracy. 
The  surface  of  the  rock  descends,  with  various  irregularities,  to 
the  depth  of  120  ft.  below  datum.  The  120  ft.  ancient  stream  bed 
comes  under  the  city  at  about  the  river  mouth  and  goes  as  far  as 
the  corner  of  Franklin  and  Randolph  Streets.  The  greatest  depth 
1  have  discovered  for  the  rock  was  a  well  a^  L^nion  and  Randolph 
Streets.  (I  have  taken  well  data  only  where  I  could  not  find  other.) 
This  was  132  ft.  below  the  surface.    The  data  in  the  bottom  of  this 
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gorge,  above  which  the  loop  district  stands,  are  ahnost  sufficient  to 
allow  construction  of  a  5  ft.  contour  map. 

In  this  connection  some  of  the  glacial  history  may  be  of  in- 
terest. It  has  been  generally  accepted  that  the  Lake  Michigan  lobe 
of  the  great  ice  sheet  that  once  spread  over  the  country  followed 
a  depression  or  a  valley  which  drained  to  the  north  and  which  lay 
roughly  coincident  with  the  present  Lake  bed.  The  hills  that  formed 
the  valley  walls  were  of  Niagara  Limestone.  The  depressions  seen 
on  the  map  are  pre-glacial  valleys.  The  region  had  two  systems  of 
drainage,  one  to  the  west  and  the  other  to  the  northeast.  There  is 
great  probability  that  both  systems  drained  into  a  common  mother 
stream.  That  this  stream  was  in  the  Lake  bed  is  further  suggested 
by  the  fact  that  the  eastern  valleys  are  the  steeper  of  the  two;  for, 
were  the  main  stream  in  the  Lake,  the  tributary  system  draining 
directly  into  it  would  have  the  steeper  valleys,  and  the  system  that 
had  a  longer  route  to  the  same  level  would  have  less  feet  drop  in 
gradient  to  distribute  to  each  mile.  The  fact  that  the  eastern 
valleys  follow  the  Lake  upwards,  fits  in  nicely  with  the  geologist's 
theory  of  a  pre-glacial  drainage  northward  in  the  path  of  Lake 
Michigan. 

It  is  not  to  be  understood  that  these  valleys  are  as  they  were 
in  pre-glacial  times.  Few  are  the  glaciated  regions  where  ice  has 
not  eroded,  to  some  extent,  the  underlying  rock.  One  sign  of  prob- 
able glacial  erosion  is  the  amphitheater  shape  to  the  upper  valleys 
that  have  drainage  to  the  east.  To  have  a  narrow  mouth  to  a  val- 
ley, circular  at  its  head,  is  not  natural  when  structural  conditions 
are  as  uniform  as  the)'^  are  here.  Another  sign  of  glacial  erosion 
is  the  fact  that  the  northern  approaches  to  the  hills  of  this  region 
are  much  less  steep  than  the  drop  over  the  south  cliff;  or,  when 
applied  to  the  valleys,  the  north  valley  wall  is  the  steeper.  The 
tendency  of  ice  is  to  erode  the  near  side  of  a  hill,  or  the  far  side' 
of  a  valley,  and  to  drop  over  the  lee  of  a  cliff  without  doing  any 
great  eroding.  This  same  feature  may  be  plainly  seen  in  the  fact 
that  the  peak  of  nearly  every  hill  under  Chicago  has  its  apex  on 
the  south  side  of  the  crown.  I  should  be  much  interested  to  learn 
whether  or  not  any  grooves  or  glacial  scratching  have  been  found 
on  the  rock  as  exposed  by  foundation  work.  Whether  or  not  all 
the  residual  soil  was  stripped  from  the  rock  and  this  material  here 
is  all  of  Lake  deposition  or  not,  I  do  not  know.  But  that  is  aside 
from  the  subject.  Another  question  that  has  arisen,  which  is  purely 
of  scientific  interest  and  does  not  at  all  afifect  the  commercial  side 
of  the  rock,  is  whether  or  not  the  hills  of  stone  are  structural.  Such 
a  hill  as  Stony  Island,  at  Stony  Island  Avenue  and  93rd  Street,  I 
know  to  be  structural.  This  is  one  of  the  many  unaccountable  dom- 
ings  found  throughout  the  Niagara  Limestone,  due  probably  to  some 
lateral  pressure.  Stony  Island  is  the  exception,  however,  rather 
than  the  rule.  I  believe  most  of  the  rock  hills  are  erosion  remnants 
with  a  horizontal  structure. 
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The  information  in  this  paper  may  not  he  new  material,  and 
my  conclusions  may  not  all  be  correct,  but  in  sections  where  I  was 
well  supplied  with  data  I  believe  the  conclusions  are  correct,  for 
there  is  but  one  way  to  interpret  the  data. 

Discussion. 

H.  S.  Baker,  u.  w.  s.  e.  :  This  is  an  extremely  interesting  and 
valuable  collection  of  data  relating  to  Chicago's  rock  surface. 

The  engineers  in  the  employ  of  the  City  of  Chicago  have  had 
in  mind  the  advisability  of  collecting  such  information.  They  have 
had  a  good  opportunity  to  gather  it  and  some  of  it  has  been  used 
by  the  author  in  preparmg  his  map.  Recently  we  made  preliminary 
borings  for  two  tunnels,  one  along  the  line  of  Wilson  Avenue  and 
the  other  along  the  line  of  35th  Street ;  the  information  was  collected 
in  a  more  accurate  manner  than  any  that  we  have  had  in  the  past 
prior  to  actual  construction  of  tunnels.  When  a  tunnel  is  constructed 
in  the  rock,  we  penetrate  the  surface  of  the  rock  and  get  its  actual 
location ;  but  in  earlier  construction  it  was  generally  found  that  the 
actual  rock  as  it  was  penetrated  in  the  shafts  did  not  correspond 
exactly  with  what  the  borings  showed.  So  in  recent  borings  we 
have  used  a  diamond  drill,  going  down  into  the  rock  from  10  to  30 
ft.  38  we  thought  necessary  to  determine  that  it  was  actual  solid 
rock,  and  have  found  some  very  interesting  results. 

We  have  now  completed  a  profile  along  Wilson  Avenue  from 
the  river  east  to  a  point  three  miles  in  the  Lake.  There  is  not  time 
enough  this  evening  to  give,  in  detail,  an  account  of  how  those 
borings  are  made,  but  it  is  a  very  interesting  piece  of  work.  In 
general  we  find  that  it  corresponds  to  the  author's  map.  though  in 
some  places  we  have  not  had  conijilete  information  and  have  had  to 
inter])olate  the  contours;   such   information   will  be  corrected. 

We  have  also  data  of  a  set  of  borings  made  under  the  La'kc 
for  a  distance  of  three  miles  out  from  shore  in  the  vicinity  of  3.^th 
Street. 

One  of  the  most  interesting  things  we  have  found  is  that  there 
are  in  some  places  little  shelves  or  ledges  floating  above  the  solid 
rock.      In  making  wash  borings  for  rock  it  is  i|uite  possible  that 

Ed.  Note. — The  author  exhibited  a  model  of  the  bed-rock  under  Chi- 
ca>4()  as  conceived  by  him  from  the  information  gathered,  and  also  a 
rough  contour  map  of  tlie  rock  surface.  Tlie  model  may  be  seen  at  the 
Chicago  Academy  of  Sciences  in  Lincoln  Park.  So  many  errors  w'ere 
poiiUed  out  in  the  contour  map  and  so  much  ad<litional  information  was 
added  from  records  in  the  City  Hall  and  elsevvliere.  that  an  attempt  was 
made  to  re-draw  it.  I'he  information  did  not  justify  the  drawing  of  a 
contour  map  with  a  10  ft.  interval,  so  it  was  deemed  advisable  to  publisli 
the  map  with  only  isolated  elevations  on  it.  Hhie  line  prints  of  the 
original  map  may  be  obtained  at  the  Society  rooms  at  2.">  ceiUs  each. 

The  card  records,  giving  this  information  in  much  more  complete 
form  than  it  can  be  shown  on  the  map.  may  l>e  found  in  the  lil)rary  of 
the  Western  Society  of  Engineers.  It  is  lioped  that  engineers  and  others 
having  similar  infonn.itidii  will  furnish  it  to  tlie  Society  for  the  general 
good.  • 
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sometimes  such  ledges,  when  encountered,  are  mistaken  for  the 
bed-rock. 

We  are  at  present  working  on  a  hole  at  the  intersection  of  Lake 
and  South  Water  Streets,  just  east  of  the  proposed  Lake  Street 
bridge.  A  hole  was  put  down  at  this  point  about  two  years  ago 
in  the  old  way  and  rock  was  reported  at  — 73  ft.  On  account  of 
the  greater  depth  at  which  rock  was  struck  on  the  west  side  of  the 
river,  at  Butler  Brothers'  new  building,  we  began  to  doubt  the  cor- 
rectness of  this  record.  That  old  hole  was  put  down  by  contract, 
using  augers  and  wash  boring  methods.  So  we  put  down  a  new 
hole  and  have  just  struck  rock  at  about  — 110  ft. 

I  think  for  our  use  a  map  of  this  kind  would  be  very  valuable, 
because  in  laying  out  the  proposed  line  of  water-supply  tunnels  it 
would  give  a  broader  view  of  the  whole  situation  than  we  have  ever 
had  before. 

Frederick  A.  Smith,  m.  w.  s.  e.  :  The  paper  we  have  heard  this 
evening  is  not  only  very  interesting  but  very  useful  and  instructive. 

I  have  been  engaged  in  this  work  of  making  borings,  testing 
for  bed-rock,  since  the  summer  of  1912,  when  the  City  decided  to 
make  a  number  of  Lake  borings.  I  believe  it  is  the  first  time  in 
the  history  of  borings  in  Chicago,  or  around  Lake  Michigan,  at 
least,  that  a  diamond  drill  was  used.  We  found,  just  as  Mr.  Baker 
has  stated,  that  when  we  struck  rock  we  did  not  have  a  bed-rock. 
Not  only  once,  but  perhaps  two  or  three  times  we  had  to  bore 
through  a  shallow  rock  from  4  to  14  in.  thick,  and  in  one  case  we 
had  a  shelf  of  rock  2  ft.  thick,  after  which  we  again  found  water- 
bearing gravel,  perhaps  for  a  thickness  of  2  or  3  ft.  So  the  work 
which  is  done  with  the  diamond  drill  is  far  more  reliable  than  that 
of  the  old  style  wash  borings. 

The  accompanying  illustration  shows  the  proposed  line  of  tun- 
nel on  Wilson  Avenue.  The  borings  are  now  completed  from  the 
river  eastward  to  three  miles  out  into  the  Lake,  and  the  elevation 
of  bed-rock  agrees  fairly  well  with  the  author's  map,  with  the  ex- 
ception of  the  borings  shown  in  the  Lake.  Tn  the  Lake  we  found 
bed-rock  at  something  like  65  ft.  below  datum ;  the  highest  point  is 
found  one  mile  east  of  shore,  where  it  reaches  about  55  ft.  below 
datum,  and  from  there  on  the  level  of  the  bed-rock  drops  until  at 
three  miles  from  shore  it  is  — 72  ft. 

Not  only  were  the  borings  located  with  great  care  from  the 
shore  by  making  accurate  surveys,  but  the  readings  or  logs  of  the 
geological  strata  penetrated  were  carefully  taken  from  a  platform 
built  usually  10  ft.  above  Lake  level.  The  details  of  this  work  were 
very  interesting  and  at  some  future  time  I  may  prepare  a  paper  on 
that  subject  and  show  the  most  important  features  of  the  work  in 
making  those  Lake  borings. 

The  worst  error  that  I  can  find  on  this  relief  map  is  along  the 
line  of  the  proposed  tunnel  for  the  Stock  Yards  district,  which  is 
half  way  between  31st  and  39th  Streets.    The  line  which  we  used 
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forms  a  right  angle  with  the  shore  Hne  and  we  went  out  three  miles 
in  the  Lake.  The  topography  here  indicates  that  the  rock  should 
be  something  like  25  or  30  ft.  below  datum.  As  a  matter  of  fact,  a 
mile  out  we  found  rock  at  —54  ft. ;  another  mile  out  we  found  it  at 
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Fig.  1.      I'od   Rock — Lawrence  Avenue. 
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— 116  ft.,  whereas  this  ma]>  would  probably  indicate  rock  at  not 
more  than  60  ft.  below  datum.  lUit,  of  course,  a  great  deal  of  this 
map  had  to  be  guesswork  in  order  to  make  a  continuous  piece  of 
work,  because  one  has  only  a  point  here  and  there  and  the  cngincer- 
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artist  (it  takes  not  only  an  artist  but  an  engineer  to  make  a  map  of 
this  sort),  has  to  use  his  judgment  or  his  ingenuity  to  make  a  com- 
plete piece  of  work.  As  the  author  says,  such  a  map  is  by  no  means 
complete,  and  therefore  I  suggest  that  every  engineer  who  has  had 
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Fig.   2.     Bed   Rock — Lawrence  Avenue. 

or  is  obtaining  experience  in  this  line  should  supply  the  data  as 
accurately  as  possible,  so  that  errors  may  be  corrected  and  new  in- 
formation plotted,  not  only  on  this  relief  map  but  also  on  a  geologi- 
cal map  such  as  that  shown  by  the  author,     I  cannot  conceive  of 
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anything  more  useful  being  done  in  this  respect  for  the  engineering 
fraternity  in  or  about  Chicago. 

F.  W.  De  Wolf,  M.  w.  s.  E. :  I  came  up  from  Urbana  today,  to 
listen  to  the  reading  of  this  paper  and  see  the  exhibit,  and  I  feel 
amply  repaid  for  the  trip.  I  have  special  interest  in  the  subject 
from  the  fact  that  about  a  year  ago  there  was  some  prospect  that  the 
State  Geological  Survey  might  join  with  the  Chicago  Academy  of 
Sciences  in  this  work.  Unfortunately  for  us,  our  funds  were  un- 
duly low  and  we  had  to  give  up  our  share  in  the  work. 

We  had  in  mind  an  additional  inquiry  which  might  have  been 
worked  out  in  this  region  at  the  same  time,  and  which  may  be  at- 
tempted another  season.  It  has  to  do  with  the  artesian  water  prob- 
lem in  the  northeast  corner  of  the  State.  I  can  well  appreciate  that 
it  is  not  so  live  a  topic  as  that  of  bed-rock  in  connection  with  foun- 
dations, and  yet  there  is  considerable  interest  attaching  to  it. 

I  am  told  that  the  Potsdam  sandstone,  which  furnishes  much 
of  the  artesian  water  in  the  Chicago  region,  has  been  so  overtaxed 
in  certain  places  during  the  last  ten  or  fifteen  years  that  the  water 
table  has  been  lowered  something  like  150  ft.,  which  is  a  very  rapid 
decline.  We  have  in  mind  a  study  which  will  include  leveling  to 
all  wells  which  will  ofiFer  data  on  the  Potsdani  horizon,  calculation 
of  depth  to  the  water,  and  contouring  the  water  surface  to  show 
just  where  the  depressions  are  in  the  water  table,  and  their  relations 
to  the  drain  on  the  water  in  the  immediate  vicinity.  I  hope  that 
it  will  be  possible  to  join  with  the  local  workers  of  the  Chicago 
Academy  of  Sciences  so  that  we  may  get  their  help,  and  I  also 
hope  that  any  of  those  here  tonight  who  may  be  in  a  position  to  help 
us  in  the  proposed  work  and  to  profit  from  any  result  which  may 
be  obtained,  will  kindly  remember  this  when  the  proper  time  comes 
and  co-operate  with  us  just  as  far  as  they  can. 

H.  E.  Goldberg,  m.  w.  s.  e.  :  ,  I  would  like  to  know  whether 
upon  the  map  there  is  any  mark  to  show  that  at  certain  places  the 
measurement  is  accurate  and  that  between  those  places  the  engi- 
neer-artist has  used  his  imagination  to  the  best  of  his  ability. 

The  Author:  I  have  started  a  map,  which  I  did  not  bring  here 
to-night,  to  show  where  my  data  are  scattered  and  where  they  are 
concentrated.  I  think  that  will  probably  lessen  the  difficulty.  On 
the  map  that  I  hope  to  publish  I  will  show  the  data  exactly  where 
the  interpolation  was  and  where  I  had  the  exact  reference  for  draw- 
ing the  lines. 

S.  Montgomery:  I  suggest  that  as  this  map  is  primarily  for 
the  purpose  of  foundations  it  might  be  desirable  to  superimpose 
perhaps  two  other  sets  of  contours  over  the  bed-rock  contour ;  for 
example,  one  for  dry  sand  and  another  for  dry  clay,  indicating  the 
exact  nature  of  the  sides  or  bearing  bottom.  Except  for  a  limited 
number  of  buildings  compared  with  the  total  number  of  structures 
put  up  in  Chicago,  the  bed-rock  would  not  be  absolutely  essential, 
and  this  second  and  third  set  of  contours  might  be  placed  over  the 
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otlier  map  either  in  the  form  of  different  colored  inks  or  else  in  a 
dash-dot  marking". 

l^he  Author:  I  think  that  might  be  done,  but  the  thought  has 
not  occurred  to  me  before.  One  of  the  engineers  suggested  to  me 
the  idea  of  mapping  out  the  quicksand  as  far  as  I  could.  It  was  a 
theory  of  his  that  in  the  minor  depressions  they  found  quicksand. 
I  have  gathered  a  little  data  as  to  this,  but  not  enough  to  form  an 
opinion  as  to  the  correctness  of  the  theory. 

F.  E.  Davidson,  m.  w.  s.  e.  :  Speaking  of  quicksand,  it  will 
be  found  in  Chicago  in  a  great  many  places  a  long  distance  from 
bed-rock.  For  instance,  on  the  South  Side,  east  of  the  river  and 
south  of  Eighteenth  Street  the  Illinois  Tunnel  Company  found  it 
impossible  to  drive  tunnels  on  account  of  black  quicksand,  but 
according  to  the  contour  map  it  is  many  feet  above  bed-rock.  Along 
the  Illinois  Central  Railroad  on  the  South  Side  there  is  also  a 
large  quantity  of  quicksand.  If  it  were  possible  to  tabulate  the 
areas  of  black  quicksand  it  would  be  of  value,  but  perhaps  not  of  as 
great  value  as  the  contours  of  the  rock. 

George  C.  Nimmons:  I  think  the  furnishing  of  this  map  and 
this  information  will  be  of  very  great  value  to  builders  in  Chicago, 
and,  as  was  suggested,  I  think  it  would  add  to  the  value  if  the 
quicksand  could  be  indicated  and  also  the  contour  of  clay,  because 
our  skyscrapers  are  about  the  only  buildings  that  can  indulge  in  the 
luxury  of  a  caisson  foiuidation.  1  might  refer  to  a  plant  with 
which  I  was  connected  as  architect,  where  we  found  the  caisson 
foundation  not  only  economical  but  a  very  good  solution  of  the 
problem.  I  refer  to  Sears,  Roebuck  &  Co.'s  buildings.  The 
soil  out  there  happens  to  be  a  stiff  clay  at  the  surface  of  the 
ground  and  down  for  about  15  ft.,  and  below  that  we  found  very 
soft  material,  a  yielding  soft  clay.  Inasmuch  as  the  buildings  were 
to  have  basements  and  as  the  bottom  of  the  footing  would  just 
about  run  through  this  hard  clay,  it  brought  up  the  problem  of 
what  kind  of  foundations  would  be  advisable  and  practicable.  It 
was  soon  found  by  borings  that  to  continue  the  piers  down  to 
strike  stiff  clay  again  would  add  materially  to  the  expense,  as  it 
meant  running  them  down  to  a  considerable  depth.  Then  the  ex- 
pedient of  driving  concrete  piles  was  considered.  Wooden  piles 
were  out  of  the  c|ueslion  because  the  water  line  was  so  low  down 
that  it  would  necessitate  carrying  down  the  footings  in  order  to 
get  the  pile  below  the  water.  So  we  undertook  to  drive  concretd 
piles.  That  was  in  the  early  days  of  concrete  jiiles,  and  cHgineers 
did  not  know  then  as  much  about  getting  them  down  as  they  do 
now.  We  finally  selected  the  Raymond  pile,  which  requires  driv- 
ing a  shell  down  and  filling  it  with  concrete.  That  was  one  of  the 
few  inventions  that  could  be  had  at  that  time.  The  contractors 
moved  their  pile  driver  out  there  anil  after  they  had  driven  down 
the  shell  they  could  not  get  the  core  out ;  when  they  would  pull 
the  core  they  would  pull  the  shell  out  of  the  ground,  and  it  pre- 
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sented  a  difficulty  which  they  could  not  oyercome.  They  tried 
many  times,  but  were  not  successful  in  driving  a  shell  and  getting 
the  core  out  quickly  so  that  the  pile  could  be  filled;  consequently 
that  was  too  slow  a  method  and  impractical.  (I  will  say  for  the 
system,  however,  that  since  then  a  reinforced  shell  has  been  used, 
which  IS  much  stiffer  and  can  be  driven.  I  am  now  using  those  at 
Kansas  City  driving  them  for  some  25  ft.,  and  thev  are  going  down 
very  successfully  and  rapidly,  and  are  quite  satisfactory  ) 

Concrete  piles  however,  eight,  years  ago  were  not  suitable 
for  the  Sears-Roebuck  buildings.  Finally,  as  a  last  resort,  shal- 
ow  caissons  were  considered  and  we  found  by  running  them  down 
to  this  harder  clay  some  25  to  35  ft.  below  the  basement  floor  we 
could  get  a  surface  which  would  sustain  a  good  load,  and  so  the  " 
entire  building  was  put  on  shallow  caissons,  belled  out  There 
are  some  1,500  caissons  under  those  buildings  and  they  have  proved 
very  successful.  The  buildings  show  practicallv  no  settlement  I 
do  not  believe  there  are  any  cracks  in  any  of  them  and  out  of  "the 
1,500  caissons  there  were  only  two  which  showed  any  siras  of 
failure;  on  investigation  we  found  the  difficulty  was  caused  by  ice 
or  something  of  that  sort  and  the  caissons  were  readily  fixed 

1  mention  this  as  only  one  instance  where  we  were  oblio-ed  to 
cope  with  the  problem  of  soft  clay  and  where  a  map  of  the  sort! 
described  here  tonight  would  be  very  valuable 
,u-    ,^"  j°°^"^  ^t  that  contour  under  this  city  I  am  struck  with 
this  fact:    Chicago  in  the  old  days  was  supposed  to  have  the  poor- 
est soil  on  which  to  build  a  great  city  of  probably  any  city  irthe 
country.    We  did  not  know  about  caissons  or  we  did  not  use  them 
and  we  undertook  to  hold  up  our  buildings  by  floating  foundations! 
We  all  know  the  settlements  that  took  place.     We  used  to  desip-n 
a  building  and  say,  ''We  think  with  the  best  care  probably  we  cfn 
get  It  to  go  down  uniformly  and  it  will  go  down  5  in    or  so"     1 
do  not  believe  there  is  a  man  who  ever  successfully  solved  the» 
problem  of  entirely  eliminating  settlement  on  our  Chicago  soil  with 
spread  footings     But  since  the  caisson  has  come  we  have,  I  believe 
the  finest  foundation  for  tall  buildings  of  almost  any  city  in  the 
country.     Even  though  we  have  hills  and  valleys  in  the  contour 
ot  the  rock,  still  we  have  it  at  a  reasonable  depth  below  the  sur- 
tace    and  on  such  a   foundation   we  can   build   practically  to   any 
height.     1  think  we  are  therefore  most  fortunate 

Ariy  information  that  will  help  us  with  our  foundations  I  am 
sure  will  be  very  welcome. 

R  C  Smith,  M.  w.  s.  E.:  Mr.  Peattie  wanted  to  know  if  any 
scratches  had  ever  been  found  on  the  rock.  I  have  seen  rock  in  a 
good  many  places  and  have  not  yet  found  any  scratches.  I  have 
tound  places  where  the  rock  had  worn  very  smooth,  probably  caused 
by  a  glacier  passing  over  it.  One  case  of  that  kind  was  at  the  north- 
east corner  of  the  Harris  Trust  and  Savings  Bank  Building.  We 
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found  a  great  deal  of  water  on  the  rock  there  and  in  four  or  five 
places  the  rock  was  worn  very  smooth. 

Downtown  we  find  some  immense  boulders  near  the  rock ; 
sometimes  these  boulders  stand  one  on  top  of  anotlicr  for  8  to  10 
ft.  in  height.  Some  of  them  wijl  nearly  cover  the  bottom  of  a  5  or 
6  ft.  caisson.  On  getting  down  alongside  of  them  and  underneath, 
one  will  find  clay  or  sand,  sometimes  hard-pan ;  sometimes  the 
boulders  are  in  water ;  sometimes  they  are  dry.  In  connection  with 
the  Harris  Bank  building,  where  we  found  so  much  water,  there 
was  sand  on  the  rock.  On  the  northwest  corner  the  rock  was 
Iiigher  than  it  was  near  the  southwest  corner  where  we  did  not 
find  so  much  water,  although  there  is  water  under  practically  all  of 
the  caissons  of  the  building.  There  is  one  exception;  that  is  the 
northeast  corner  caisson.  There  we  did  not  have  any  water  at  all, 
but  we  did  find  about  5  or  6  ft.  of  hard-pan  on  the  rock,  and  that 
was  the  only  caisson  where  we  found  the  hard-pan  that  low. 

/.  H.  Warder,  m.  w.  s.  e.  :  Some  years  ago,  at  the  time  of  the 
building  of  the  Drainage  Canal,  the  late  Mr.  Ossian  Guthrie  sub- 
mitted a  paper  to  the  Society*,  describing  the  tnarks  of  glacier 
action  along  tlie  channel  of  the  canal  as  revealed  by  the  stripping 
of  the  surface  before  taking  out  the  rock. 

I  would  like  to  inquire  of  the  speaker  of  the  evening  whether 
the  surmise  is  that  the  valleys  referred  to  have  been  eroded  in  the 
rock  by  the  drainage  system  or  whether  they  have  been  gouged  out 
by  ice  action. 

The  Author:  I  think  undoubtedly  the  dendritic  form  of  the  val- 
leys (that  they  were  originally  worn  by  the  water  action),  and  the 
fact  that  we  have  a  regular  water  divide,  and  also  the  fact  that  we 
have  ami)hitheater  shapes  to  the  upper  ends  of  the  valleys,  and" 
rather  narrow  gorges  to  the  mouth  which  were  below  the 
l)resent  shore  line,  suggests  glacial  erosion.  As  I  pointed  out,  the 
hills  show  glacial  erosion.  There  is  always  a  more  gentle  slope  to 
the  north  than  to  the  south  and  to  the  northwest  than  to  the  south- 
east. I  cannot  account  for  those  in  any  other  way  than  by  glacial 
erosion. 

/.  W.  Mabhs,  m.  w.  s.  e.  :  I  wouUl  ask  tiie  speaker  whether 
there  is  any  relation  between  the  different  i)oints  of  (juicksand ; 
whether  they  are  connected  in  any  way. 

The  .hitJior:  My  information  about  the  (juicksand  is  frag- 
mentary, most  of  it  liaving  been  gathered  out  of  curiosity  in  talk- 
ing to  different  engineers  in  the  city,  so  I  cannot  answer  the 
question. 

Air.  Davidson:  W'ith  reference  to  clay  foundations  on  the 
West  Side,  there  is  great  variation  in  the  carrying  cai)acity  of  soil 
even  within  the  distance  of  a  block. 

1  traced  an  old  stream  that  used  to  llow  westward,  apparently, 
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from  about  the  corner  of  Halsted  and  Madison  Streets  and  south- 
west probably  three-quarters  of  a  mile;  it  then  made  a  loop  and 
turned  southeast.  The  width  of  the  stream  varied  from  40  to  50  ft. 
In  building  on  top  of  that  old  ravine,  if  one  goes  down  30  to  40 
ft.  he  finds  driftwood  and  muck  of  all  kinds, — a  very  dangerous 
material  to  build  upon,  and  when  encountered,  one  has  founda- 
tion troubles. 

Along  the  line  of  Mr.  Nimmons'  remarks,  when  I  was  with 
the  Western  Electric  Co.,  I  found  that  the  limestone  at  their  plant 
outcrops  at  about  28th  Street  and  Cicero  (48th)  Avenue.  Ex- 
tensive borings  were  made  over  the  entire  plant,  and  the  lime- 
stone dropped  to  the  north  very  uniformly.  At  26th  Street  and 
Ogden  Avenue,  between  Kenton  and  Cicero  Avenues  (formerly 
46th  and  48th  Avenues),  it  was  about  18  ft.  below  the  natural 
surface  of  the  ground.  It  dropped  almost  uniformly  to  the  north 
at  the  rate  of  10  ft.  per  mile,  and  where  their  main  plant  is  located 
we  encountered  very  solid  hard-pan  at  about  12  to  14  ft.  below 
the  natural  surface  of  the  ground.  These  buildings  have  no  base- 
ments, so  we  used  the  same  system  Mr.  Nimmons  used  at  the 
Sears-Roebuck  plant.  We  put  caissons  not  deeper  than  10  to  15 
ft.  directly  on  the  hard-pan.  We  examined  every  hole  we  dug 
and  when  we  struck  the  hard-pan  we  stopped.  We  used  a  load  of 
8,000  lb.  per  sq.  ft.,  and  as  far  as  I  know  there  has  been  no  diffi- 
culty. 

In  the  neighborhood  of  Throop  and  Congress  Streets  I  found 
cases  where  we  could  not  safely  load  the  soil  more  than  1,500  lb. 
per  sq.  ft.,  and  50  ft.  away  we  could  load  it  to  6,000  lb.  This  made 
the  problem  of  foundation  work  very  difficult. 

If  there  are  any  data  that  can  be  collected  showing  the  regions 
of  old  ravines,  which  evidently  were  made  many  ages  after  the  lime- 
stone period,  it  would  be  of  great  value  to  architects  and  builders. 
Joseph  C.  Llewellyn:  I  can  readily  see  the  great  value  of  data 
of  this  kind.  I  have  been  especially  interested  in  one  feature  that 
has  been  developed  by  borings  for  the  Lake  tunnels.  I  refer  to 
the  shelving  nature  of  the  rock  in  certain  localities.  I  did  not  sup- 
pose anything  of  this  kind  was  to  be  found  around  Chicago  and 
have  always  thought  that  a  solid  bed-rock  underlaid  Chicago  and 
that  the  shelving  or  floating  feature  was  not  found.  In  our  own 
work  in  other  places  we  have  found  this  feature  and  have  learned  to 
look  for  it ;  to  be  sin-e,  in  any  important  foundation  work,  we  drill 
into  the  rock  far  enough  to  determine  its  nature  and  to  know  that 
we  are  not  on  a  shelf. 

I  think  the  suggestion  that  additional  data  be  given  on  the  map 
I^K  as  to  the  surface  of  hard-pan  and  of  dry  clay  is  a  very  good  one, 
^^H  and  I  rather  suspect  that  in  the  further  working  out  of  the  map 
^^H  showing  the  surface  of  the  rock  this  feature  of  the  matter  will  be 
^^H  taken  care  of. 
^^H  The  collection  of  data  of  this  kind,  of  course,  takes  a  great 
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(leal  of  time,  but  its  value  will  insure  its  beinj^  carried  forward  and 
its  being  put  into  very  usable  shape  in  the  end. 

I  have  been  much  interested  in  the  paper  and  in  the  discussion 
and  am  glad  to  be  Iiere. 

S.  T.  Sincttcrs,  m.  w.  s.  k.  :  The  Sanitary  District  of  Chicago 
has  done  a  great  deal  of  boring  along  the  river  in  locating  founda- 
tions for  their  bridges.  We  had  considerable  trouble  at  Dearborn 
Street  on  the  north  side  of  the  river  with  water.  We  tried  to  pump 
one  caisson  there  during  a  very  cold  period.  The  engineers  on  the 
work  in  watching  the  amount  of  water  that  was  being  pumped  no- 
ticed that  at  one  time  we  were  pumping  more  material  than  water 
out  of  the  caisson.  We  sent  a  man  into  one  of  the  wells,  who  found 
that  it  had  caved  in.  We  stopped  the  work  of  pumping  and  re- 
cribbed  the  well,  to  insure  safety  in  doing  the  work.  After  remov- 
ing considerable  material,  we  put  in  through  a  tube  something  like 
100  yards  of  fine  grout  to  fill  up  the  void  that  we  had  made.  This 
was  at  about  — 60  ft.  Then  we  continued  the  caisson  around  that 
and  found  we  had  covered  the  entire  area  with  concrete.  We  reset 
our  three  wells  on  this  concrete  (hat  we  put  in  through  a  tube,  and 
liad  no  caving.  Most  of  the  area  was  covered  with  boulders.  We 
went  just  below  the  hard-pan  at  — 60  ft. 

On  the  south  side  of  the  river  we  had  no  trouble  whatever.  We 
went  to — 97  ft.  which  I  think  was  the  lowest.  We  found  there  a 
break  in  one  caisson  of  about  6  ft.  due  to  a  shelf.  The  south  half 
of  the  shelf  seemed  to  be  higher  than  the  other  half  of  the  shelf. 

We  made  a  boring  at  12th  Street  and  noted  a  layer  of  coal 
about  6  ft.  in  thickness  at  between  — 50  and  — 55  ft.  I  do  not  now 
recall  the  exact  data.  We  could  not  account  for  it,  as  that  was  the 
first  time  we  had  encountered  coal. 

C.  E.  Fox  (Marshall  &  Fox)  :  T  would  like  to  ask  whether  in 
the  borings  referred  to  as  indicating  shell  rock  Mr.  Smith  deter- 
mined that  it  was  actually  shell  rock,  or  whether  there  was  a  chance 
that  this  indication  might  not  have  been  due  to  boulders.  I  have 
driven  caissons  under  fifteen  or  twenty  downtown  buildings,  and 
have  never  seen  a  jiiece  of  shell  rock,  that  is,  a  ledge  of  rock,  over- 
lying soft  material.  One  thing  ihat  has  always  impressed  me  about 
the  rock  that  is  uncovered  in  the  bottoms  of  these  caissons  is  the 
absence  of  evidence  of  glacial  action.  I  am  familiar  with  the 
Georgian  Bay  country,  where  glacial  action  has  been  general,  and 
usually  our  rock  shows  none  of  the  smooth  surface  and  glacial 
scratches  common  with  such  action.  The  rock  we  uncover  exposes 
in  almost  all  cases  a  rather  roughened  surface,  with  edges  showing 
sharp  arrises  and  cracks  with  perfectly  sharp  edges.  The  rock  ap- 
parently lies  in  ledges,  in  consequence  of  wliich  it  is  necessary  to 
stand  over  the  contractors  to  see  that  the  caisson  is  landed  on  rock 
over  its  entire  area,  as  there  is  a  chance  that  the  ledge  may  not  be 
continuous,  the  rock  in  one  part  of  the  well  breaking  down  to  a 
lower  level  than  over  the  balance  of  the  surface. 
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Another  peculiar  thing  about  our  caisson  foundation  construc- 
tion is  the  uncertainty  of  water.  Under  the  Lytton  building  we 
found  water  in  the  first  five  caissons  and  had  to  pump  steadily  to 
keep  it  under  control.  The  rest  of  the  forty-seven  wells  showed  no 
water,  and  in  some  of  them  water  had  to  be  lowered  to  assist  in  the 
digging.  In  the  case  of  the  building  next  adjoining  on  the  east 
(the  Gibbons  building),  we  found  water  in  all  of  the  caissons.  In 
the  Lytton  building,  where  the  caissons  were  intended  to  go  to  rock, 
we  penetrated  some  6  ft.  of  hard-pan  which  .-eemed  to  lie  in  prac- 
tically a  continuous  layer  all  over  the  lot  area.  In  the  Gibbons, 
building,  it  was  our  intention  to  stop  on  this  layer  of  hard-pan,  but 
when  this  depth  was  reached,  the  hard-pan  could  not  be  located, 
and  in  consequence  we  had  to  take  advantage  of  a  separate  para- 
graph in  the  contract  and  carry  all  the  Gibbons  caissons  to  bed- 
rock. 

Another  peculiar  soil  condition  exists  west  of  the  river,  as 
shown  by  the  foundations  for  the  new  Northwestern  railway  station 
and  the  foundations  of  the  new  Burlington  building.  As  we  all 
know,  the  Northwestern  station  foundations  developed  a  great  deal 
of  trouble  with  quicksand,  and  compressed  air  had  to  be  resorted  to 
before  these  foundations  could  be  gotten  down  to  rock.  When  we 
designed  the  foundations  for  the  Burlington  building,  we  fully  ex- 
pected to  encounter  similar  conditions.  We  drove  a  test  caisson 
and  found  approximately  50  ft.  of  hard-pan  overlying  the  rock. 

With  these  uncertainties  in  mind,  I  would  particularly  like  to 
know  whether  the  tests  or  borings  that  indicated  shell  rock  are  suffi- 
ciently comprehensive  to  be  sure  of  the  material,  never  having  seen 
a  piece  of  shell  or  floating  rock  in  any  of  these  caissons,  and  finding 
that  the  overlying  material  containued,  in  almost  all  cases,  boulders 
of  greater  or  less  size.  In  my  own  experience,  having  found  these 
conditions  to  cover  practically  the  entire  loop  district  of  Chicago,  I 
am  inclined  to  question  the  evidence  of  these  borings,  unless  the 
evidence  has  been  obtained  with  sufficient  care  to  determine  the 
results  without  any  shadow  of  doubt. 

Mr.  F.  A.  Smith:  In  regard  to  those  shells,  it  is  difficult  to 
determine  whether  we  are  hitting  shell  rock  or  whether  we  are 
hitting  a  boulder.  In  the  first  two  borings  made  in  the  Lake  at  Wil- 
son Avenue  we  struck  what  we  first  termed  either  a  shelf  or  a 
boulder  about  2  ft.  thick.  We  went  through  that  with  our  diamond 
drill  and  then  got  into  water-bearing  sand  again  for  several  feet; 

I  after  that  we  struck  bed-rock.  Then  we  went  a  quarter  of  a  mile 
further  east  in  the  Lake,  about  a  mile  ofiF  shore,  and  at  about  the 
same  elevation  we  met  again  a  shelf  of  rock,  but  here  it  was  only  12 
in.  thick;  below  that  we  found  again  a  stratum  of  water-bearing 
sand  and  gravel.  Then  when  we  went  out  in  the  Lake  another 
quarter  of  a  mile,  that  shelf  disappeared.  So  in  platting  that,  it  is 
reasonable  to  suppose  it  would  be  a  continuous  shelf,  being,  say,  2 
ft.  thick  a  quarter  of  a  mile  oflf  and  1  ft.  thick  half  a  mile  oflF,  and 
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disappearing  before  we  struck  that  same  elevation  three-quarters 
of  a  mile  off. 

Mr.  Fox:  Would  not  the  same  argument  be  true  that  it  might 
be  a  layer  of  boulders? 

Mr.  Smith:  Yes,  but  there  is  just  as  mucli  possibility  of  its 
being  a  shelf. 

Mr.  Fox:    Mr.  Smith,  what  kind  of  rock  was  it,  limestone? 

Mr.  Smith:  The  chemical  analysis  would  show  that  it  was 
limestone  of  precisely  the  same  character  as  our  bed-rock  and  these 
boulders  are  not  always  that  way.  You  will  often  find  a  granite 
boulder  over  the  layer  of  limestone. 

When  we  were  building  the  La  Salle  Avenue  tunnel  the  bor- 
ings were  made  without  the  aid  of  the  diamond  drill,  and  at  the 
elevation  where  we  hit  the  shelf  or  boulder  the  contractor  stopped 
and  said,  "Well,  here  is  bed-rock,"  but  when  we  finally  dug  down 
to  it  we  foui\d  it  was  just  a  shell.  It  is  practically  impossible  to 
say,  in  boring,  whether  we  are  hitting  a  shell  or  whether  we  are 
hitting  a  boulder. 

When  we  have  corroborative  evidence  by  continuing  a  stratum 
in  what  we  would  call  geological  order  and  find  it  runs  out  at  a 
certain  point  and  our  next  boring  shows  corroboration,  we  might 
as  well  call  it  a  shell  as  a  boulder. 

Mr.  Fox:  In  explanation  of  my  questioning  the  deductions 
from  test  borings,  I  want  to  say  that  as  a  builder  I  do  not  place 
much  confidence  in  borings  as  determining  accurately  the  materials 
to  be  encountered.  In  my  experience,  when  I  have  followed  such 
borings  with  actual  caisson  construction,  I  have  never  found  a  case 
where  the  borings  accurately  foretold  the  exact  character  of  the 
material  encountered. 

The  unwillingness  to  depend  on  borings  saved  us  from  i)ossil)le 
disaster  in  Milwaukee  recently,  in  the  construction  of  the  fountla- 
tions  for  the  Northwestern  Mutual  Life  Insurance  Company's  office 
building.  Mr.  Uenzenberg.  who  you  know  was  at  one  time  Presi- 
dent of  the  yVmerican  Society  of  Civil  l^ngineers,  is  on  their  Board 
of  Directors,  and  is  nuich  interested  in  the  foundation  design.  The 
site  for  the  building — an  exi)ensive  one  and  one  of  the  highest  in 
Milwaukee — was  chosen  particularly  as  otTering  unusual  advantages 
for  foundations.  The  result  of  a  most  thorough  system  of  borings 
made  by  Mr.  Benzenberg, — whose  experience  in  their  use  in  his 
work  throughout  the  country  in  the  capacity  of  hytlraulic  engineer 
gave  the  results  of  his  work  unusual  accuracy. — was  carefully 
])latted  and  a  i)rofile  made  of  the  bearing  strata  and  was  determined 
in  this  case  to  be  a  form  of  blue  clay. 

With  my  previous  experience  with  borings  in  mind,  we  finally 
decided  to  sink  a  test  caisson,  which,  after  penetrating  some  40  ft. 
to  .^0  ft.  continuously  through  a  ciuicksand.  develoj^ed  such  diffi- 
culties thai  the  work  was  abandoned.     A  second  caisson,  sunk  by 
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more  experienced  operators,  passed  through  the  same  character  of 
materials.  The  original  caisson  operations  continued  at  the  same 
time  ended  by  moving  the  two  caissons  towards  each  other  until 
at  their  bottoms,  at  a  depth  of  about  75  ft.,  they  practically  touched 
and  the  work  was  abandoned.  The  operations  of  test  caissons  and 
the  subsequent  pile  driving  failed  to  confirm  the  existence  of  a 
bearipg  stratum  of  clay  suggested  by  the  original  borings  on  the  lot. 

Mr.  Dazddson:  I  recall  an  instance  that  occurred  less  than 
three  years  ago.  A  contract  was  let  for  a  pile  foundation,  requir- 
ing something  like  3,500,  45  ft.  piles.  We  had  some  borings  made, 
which  indicated  that  hard-pan  was  struck  at  about  42  ft.  When  we 
started  driving  piles,  the  first  two  blows  sent  the  45  ft.  piles  out  of 
sight.  The  result  was  that  60  ft.  piles  were  used  under  the  entire 
building.    Since  then  I  have  been  very  suspicious  of  test  borings. 

Prof.  U.  S.  Grant  (Dept.  of  Geology,  Northwestern  Univer- 
sity) :  The  two  gentlemen  who  have  just  spoken  have  referred 
to  the  confusion  in  the  records  of  borings  and  to  the  consequent 
uselessness  of  the  records.  This  confusion  is  due  in  part  to  the 
fact  that  the  records  are  not  carefully  kept,  or  are  kept  by  men 
who  are  not  interested  in  the  results  or  who  lack  the  knowledge 
necessary  to  make  fine  distinctions.  Another  reason  for  the  unsat- 
isfactory nature  of  the  records  is  due  to  the  fact  that  the  deposits 
above  the  bed-rock  are,  in  places,  very  irregular  in  distribution  and 
in  thickness. 

The  comparative  definiteness  of  the  records  of  borings  to  the 
rock  surface  makes  it  a  more  simple  matter  to  complete  the  map 
showing  the  form  of  the  rock  surface.  And  in  this  completed  map 
I  suggest  the  advisability  of  showing  on  the  map  the  actual  eleva- 
tion of  the  rock  surface  at  each  place  where  it  has  been  determined. 
If  this  is  done,  the  engineer  who  wishes  to  use  the  map  has  before 
him  the  full  information  on  which  the  contour  lines  were  drawn, 
and  he  can  thus  determine,  within  small  limits,  the  possibility  of 
error  at  any  given  point ;  or,  if  he  does  not  agree  with  the  inter- 
pretation of  the  form  of  the  surface  as  shown  on  the  map.  he  can 
construct  other  contour  lines  to  bring  out  his  own  interpretation. 
I  hope  that  this  map  of  the  rock  surface  can  be  completed,  and  re^ 
vised  frequently  as  other  borings  are  made. 

It  has  been  suggested  that  information  be  also  obtained  which 
will  show  the  horizontal  and  vertical  extent  of  the  dififerent  deposits 
of  sand,  gravel,  clay,  etc.,  in  and  imder  the  Chicago  area — i.  e., 
that  the  whole  thickness  of  unconsolidated  material  above  the  bed- 
rock should  be  shown  by  maps  and  sections.  Such  information 
would  be  of  great  value,  but  any  approximately  complete  work  of 
this  nature,  even  in  the  district  where  large  buildings  are  being  con- 
structed, will  involve  much  careful  work,  the  collection  of  many 
more  drill  records,  and  more  accurate  records  than  are  now  com- 
monly available. 

S.  J..Swanson:  I  have  had  some  thirty  years'  experience  and 
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luivc  drilled  all  over  the  state  of  Illinois  for  water  as  well  as  coal 
and  other  minerals.  In  regard  to  the  cases  just  referred  to,  I  must 
plainly  state  that  the  men  who  were  drilling  those  holes  did  not 
understand  their  business. 

With  reference  to  the  floating  shell,  as  far  as  I  have  observed 
in  the  city  of  Chicago  (I  wish  it  to  be  understood,  however,  that 
I  have  not  been  very  extensively  over  it),  the  loose  boulders  and 
the  shelving  rock  are  mixed  with  gravel  and  other  material.  After 
getting  through  the  shelving,  generally  a  layer  of  gravel  or  broken 
rock  will  be  found  above  the  solid  rock.  As  has  been  stated  this 
evening,  in  many  places  we  do  not  find  the  hard-pan  above  the 
rock  at  all,  while  in  other  places  we  find  any  am.ount  of  it.  In 
some  places  we  find  boulders  away  up  where  they  do  not  belong, 
having  been  carried  on  drifts  and  dropped  off.  In  boring  a  hole 
for  the  Lake  Street  bridge  recently,  I  found  a  nest  of  boulders  in 
a  very  unexpected  place.  They  are  not  extensive  and  might  not 
extend  over  100  ft.,  possibly  not  over  10  ft.  in  most  cases,  but 
such  a  boulder  might  unfortunately  have  a  bore  hole  right  in  the 
top  of  it. 

If  there  is  a  loose  formation  the  drilling  expert  must  have  the 
knowledge  and  experience  to  save  all  that  cere  as  it  is.  When  he 
strikes  a  coal  bed  he  must  know  every  little  shell  and  bore  that 
runs  through  those  veins.  One  can  get  a  novice  to  run  a  drill  and 
make  a  hole  in  the  ground,  but  to  get  correct  logs  of  the  forma- 
tion of  that  hole  is  quite  a  different  matter. 

Dzvight  B.  Ball,  assoc.  w.  s.  e.  :  In  regard  to  glacial  scratches, 
T  do  not  know  whether  I  have  seen  large  enough  areas  to  prove 
much,  but  in  the  vicinity  of  Western  and  Chicago  Avenues,  as  I 
remember  it  now,  we  uncovered  a  smooth  piece  of  good,  hard  rock 
with  no  loose,  disintegrated  rock  on  top.  This  surface  contained 
parallel  striations,  nnining  northeast  and  southwest,  and  in  the  clay 
above  were  glacial  boulders.  Some  of  these  Iwulders  were  flat  on 
one  side  with  parallel  scratches  on  the  flat  surfaces.  This  does  not 
prove  anything,  however,  for  the  Ixiulders  might  have  come  from 
anywhere.  I  have  watched  the  rock  in  South  Chicago  and  other 
places  in  the  city  limits  where  we  have  exposed  the  surface,  but 
have  never  seen  these  definite  scratches  in  any  other  place.  I  de- 
cided that  the  scratches  were  glacial  marks,  but.  as  T  said,  the  area 
was  small — only  ab^ut  20  sq.  ft.  There  appeared  to  be  no  other 
method  of  making  the  scratches  except  by  glacial  action. 

H.  R  Abbott,  M.  w.  s.  E. :  I  have  been  much  interested  in  the 
discussion,  because  I  was  for  several  luonths  in  charge  of  boring 
work  on  the  line  of  the  proposed  Cahmiet  Sag  Canal.  We  put  down 
something  like  140  test  holes  covering  22  miles,  and  for  probably 
half  that  distance  the  rock  profile  is  very  uneven.  I  think  in  some 
cases  there  was  a  difference  of  16  ft.  in  400  ft.  of  the  rock  surface. 

In  regard  to  the  loose  ledge  which  has  been  spoken  of.  we 
found  several  cases  of   that   same   thing.     We   would   apparently 
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strike  bed-rock,  and  then  go  on  through  this  and  pass  into  a  gla- 
cial drift  again ;  below  that  we  would  find  bed-rock  and  penetrate 
it  until  we  were  satisfied  that  it  was  bed-rock. 

In  regard  to  the  boulders,  down  in  that  vicinity  there  are  large 
quantities  of  them.  In  some  places  there  was  apparently  nothing 
but  boulders,  with  no  clay  whatever.  In  other  places  the  boulders 
would  bend  our  pipe  so  that  the  drill  would  not  work  inside  of  it. 
The  pipe  would  then  have  to  be  withdrawn  and  either  a  new  hole 
dug  or  a  shot  sent  down  to  break  up  the  boulders.  The  holes  were 
4  in.  in  diameter  and  4  in.  casing  was  used. 

There  were  large  peat  beds  on  a  portion  of  this  work.  In 
some  holes  there  were  alternations  of  peat  and  soft  clay.  The  work 
was  all  done  by  hand,  as  it  is  impossible  to  get  any  kind  of  a  ma- 
chine in  on  some  sections  on  account  of  the  presence  of  a  large 
swamp.  In  most  cases  there  was  12  to  15  ft.  of  hard  glacial  drift 
overlying  the  bed-rock  which  required  drilling.  Ordinary  augers 
were  used  down  to  that  point  and  then  the  drilling  was  started. 

A.  Bement,  m.  w.  s.  e.  :  With  reference  to  borings,  if  the  drill 
should  puncture  a  limestone  boulder  (to  be  found  to  some  extent 
in  the  drift  above  the  rock  surface),  the  core  obtained  from  such 
boulder  might  lead  to  the  belief  that  it  was  shelving  rock.  If  such 
boring  punctured  a  granite  boulder,  the  core  would  be  readily  iden- 
tified, and  it  would  be  attributed  to  the  drift.  But  in  the  case  of 
limestone  formation  of  this  character  confusion  might,  and  prob- 
ably does,  at  times,  arise. 

George  B.  Springer,  m.  w.  s.  e.  :  During  the  past  20  years  I 
have  had  considerable  experience  in  making  borings  for  tunnel 
construction  under  the  Chicago  River,  and  have  found  the  cost  to 
be  approximately  $1.50  per  ft.  While  the  utmost  reliability  cannot 
always  be  placed  upon  borings,  I  have  generally  found  them  quite 
satisfactory.  In  several  cases  we  struck  boulders,  but  by  making 
additional  borings  about  5  ft.  apart  the  rock  was  reached  several 
feet  below  the  level  of  striking  the  boulders.  Frequently  we  ran 
through  strata  of  quicksand  at  various  depths,  and  in  building  one 
tunnel  we  passed  through  a  stratum  several  feet  thick  and  abouit 
16  ft.'  above  rock  which  extended  for  100  ft.  or  more.  Experience 
shows  that  these  pockets  of  quicksand  occur  at  any  depth,  and  it 
occurred  to  me,  in  listening  to  the  remarks  regarding  the  notation 
on  this  map  of  the  depths  of  quicksand,  hard-pan,  etc.,  that  it 
would  be  difficult  to  obtain  reliable  data  for  that  purpose.  At  any 
rate,  if  such  records  were  kept,  I  believe  it  would  be  much  better  to 
make  a  map  separate  from  the  rock  map,  thus  avoiding  confusion. 

The  map  that  Mr.  Peattie  has  started  should  be  of  considerable 
money  value  to  those  engaged  in  the  construction  of  foundations, 
tunnels,  etc.  A  boring  7S  ft.  deep  costs  $100.00  or  more,  and  work 
requiring  20  or  30  borings  would  soon  run  up  into  large  sums  for 
borings  alone.  Of  course,  in  building  a  tunnel  under  a  river,  ordi- 
narily two  borings  suffice,  but  it  may  be  necessary  to  make  eight  or 
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ten,  and  in  the  course  of  a  few  years  this  cost  becomes  a  large 
amount. 

I  shall  be  very  glad  to  see  this  map  added  to  and  corrected 
from  time  to  time  in  the  future.  At  present  I  have  in  mind  a  pro- 
l)osed  tunnel  at  Addison  Street  and  the  North  Branch  of  the  River, 
and  if  Mr.  Peattie  could  tell  me  the  depth  of  rock  at  this  point  it 
might  enable  me  to  save  some  money  for  the  company  with  which 
I  am  connected. 

5".  Lmderoth:  I  believe  that  Mr.  Peattie  is  entitled  to  consid- 
erable credit  for  this  very  valuable  paper ;  he  does  not  claim  for  it 
any  degree  of  perfection  in  all  its  details,  except,  as  he  pointed  out, 
in  several  spots  where  he  had  sufficient  data. 

If  all  engineers  who  have  worked  in  the  various  parts  of  the 
city  will  send  information  to  Mr.  Peattie  it  will  greatly  assist  him 
to  make  the  map  as  nearly  correct  and  complete  as  possible,  and 
thereby  make  available  a  valuable  map  for  any  engineer  or  archi- 
tect. 

Two  years  ago  I  let  a  contract  for  certain  work.  The  con- 
tractor came  back  after  he  had  started  excavating  and  said,  "Mr. 
Linderoth,  I  can't  go  on  with  this  contract  unless  I  receive  something 
for  blasting,  as  rock  has  been  encountered  2)1/2  ft  below  the  surface." 
\Vhen  I  expressed  doubt  in  connection  with  this  statement,  he 
urged  me  to  go  out  and  see  for  myself.  I  have  never,  in  29  years' 
work  in  Chicago,  seen  rock  as  high  as  that,  and  in  order  to  have  a 
l)asement  of  course  we  would  have  to  blast.  There  was  very  little 
blasting  done,  however,  as  the  owner  would  not  allow  for  more 
than  just  enough  for  heating  apparatus. 

It  occurred  to  me  that  I  could  give  to  Mr.  Peattie  this  little 
piece  of  information ;  others  can  add  their  experience,  and  thus 
enable  him  to  make  corrections  on  his  next  map.  Each  one,  even 
an  architect,  can  give  information  to  an  engineer. 

This  is  the  nucleus  of  a  splendid  work.  I  do  not  care  whether 
it  is  the  State  Geologist  that  does  it  or  this  young  engineer.  It 
is  the  beginning  of  a  piece  of  valuable  work,  and  I  think  it  is  our 
duty,  yours  and  mine,  to  furnish  nil  the  information  we  can, 
whether  we  are  architects  or  engineers,  or  both.  In  that  7ca\'  onJy 
can  this  work  become  as  valuable  as  it  should  be. 

I  think  it  might  be  of  interest  for  some  one  to  state  just  what 
city  datum  really  means. 

President  Rciehmann:  Perhaps  Mr.  P.aker.  the  A.ssistant  City 
Engineer,  will  give  us  the  desired  information. 

Mr.  Baker:  City  datum  is  an  imaginary  plane  which  corre- 
si)onds  with  the  low  water  level  of  1847.  and  it  was  established  by 
the  City  Council  as  a  reference  for  all  elevations  about  tlie  city.  It 
is  about  14  ft.  below  the  surface  in  the  down-town  district.  Most 
of  the  street  levels  in  the  loop  are  plus  14,  and,  if  I  remember  cor- 
rectly, it  is  about  5/9  ft.  above  mean  sea  level  at  New  York.  It  is 
located  by  standard  bench  marks  which  are  set  in  numerous  loca- 
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tions  all  over  the  city,  and  of  which  the  elevations  are  kept  in  a 
record  book  in  the  City  Hall  in  the  office  of  the  engineer  of  benches 
and  street  grades.  The  record  book  may  be  referred  to  at  any 
time. 

Mr.  Smetters:  I  would  like  to  ask  Mr.  liaker  if  he  is  certain 
that  this  imaginary  plane  was  established  by  the  City  Council  or 
whether  it  was  not  the  Illinois  and  Michigan  Canal  CommissioTi 
who  established  it  in  1847? 

Mr.  Baker:  I  cannot  speak  as  to  the  history  of  that.  I  know 
there  is  an  ordinance  establishing  it  as  the  official  plane  of  reference 
for  the  city ;  but  whether  that  was  the  original  establishment  of 
the  city  datum  I  cannot  say. 

Mr.  Davidson:  Mr.  Smetters  is  correct  as  to  the  origin  of  city 
datum.  Some  years  ago  I  had  charge  of  constructing  the  first  offi- 
cial bench  marks  in  the  city.  We  built  concrete  monuments  with  a 
copper  rod  in  them  and  located  them  at  one  mile  centers.  The  plan 
has  been  extended  throughout  the  city.  I  know  that  datum  was 
established  by  the  old  Illinois  and  Michigan  Canal  Commission,  and 
was  afterwards  adopted  by  the  city  of  Chicago  as  fixing  the  offi- 
cial bench  mark.  I 
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ELECTRICAL  INSPECTION 

A  discussion  at  a  joint  meeting  of  the  Electrical  Section, 
W.  S.  E.,  and  Chicago  Section,  A.  I.  E.  E.,  March  26,  19 14. 

F.  J.  Postel,  M.  w.  s.  E.  (Chairman)  :  The  subject  of  Electrical 
Inspection  is  one  phase  of  electrical  engineering  which  perhaps  has 
not  received  and  is  not  now  receiving  the  attention  that  it  merits. 
That  opinion  is  based  on  observations  of  installations  that  we  find. 
Starting  with  the  apparatus  and  continuing  to  the  method  in  which 
it  is  installed,  I  believe  that  both  the  apparatus  and  the  method 
of  installing  it  present  a  wide  field  for  a  safety-first  movement, 
and  it  would  seem  that  the  question  of  proper  installation  does  not 
receive  anywhere  near  the  attention  it  deserves.  The  necessary  in- 
spection to  insure  proper  installation  seems  to  be  considered  more  or 
less  in  the  nature  of  a  counter  irritant.  The  safety  of  the  installa- 
tion is  too  often  the  last  point  considered  in  designing  it.  However, 
I  do  not  mean  to  say  that  the  standard  is  deteriorating,  or  anything 
of  that  kind.  In  fact,  I  think  we  are  agreed  that  the  standard  is  con- 
siderably higher  now  than  it  has  been  in  the  past  and  there  is  a 
very  definite  movement  toward  raising  it  still  higher. 

Mr.  Glover  will  tell  us  how  we  may  get  safe  fittings  and  safe 
devices. 

B.  H.  Glover,  Assoc,  a.  i.  e.  e.  (with  Underwriters'  Laborato- 
ries, Chicago).  This  subject  naturally  suggests  consideration  of  the 
National  Electrical  Code;  unfortunately  this  is  still  regarded  in 
many  quarters  as  a  code  developed  by  the  insurance  interests.  Al- 
though the  drafting  of  the  Code  was  started  by  insurance  men,  now 
it  is  truly  a  national  code,  in  the  drafting  and  revision  of  which 
substantially  every  electrical  interest  is  represented.  The  continual 
changes  in  conditions  and  the  improvements  in  electrical  construc- 
tion methods  and  in  appliances  necessitate  more  or  less  frequent 
revision  of  the  Code  from  time  to  time.  During  these  revisions  and. 
in  fact,  at  all  times  the  Code  has  been  subject  to  criticism  by  all 
parties  interested  in  electrical  work ;  therefore  it  is  undoubtedly  the 
expression  of  the  best  judgment  in  the  electrical  industry.  The 
Code  is  generally  accepted  throughout  the  ccnmtry  and  even  in  Can- 
ada. In  some  cities  its  requirements  are  added  to  by  special  rules 
covering  conditions  peculiar  to  that  community.  However,  it  is 
interesting  to  note  that  all  large  cities  are  gradually  dropping  most 
of  their  special  rules  and  making  their  entire  set  of  rules  practically 
coincide  with  the  National  Electrical  Code. 

Manufacturers  of  all  kinds  of  electrical  fittings  submit  these  to 
the  Underwriters'  Laboratories  for  test  and  criticism  before  they 
are  placed  on  the  market.  The  investigation  of  these  fittings  is 
entirely  impartial  and  concerns  itself  only  with  the  question  of 
whether  these  fittings  comply  fully  with  the  Code.  If  such  is  the 
case,  a  recommendation  for  approval  is  made;  if  the  fitting  or  ap- 
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pliance  requires  some  changes  in  its  design  or  construction  to  make 
it  accord  with  the  Code,  recommendations  are  made  to  the  manu- 
facturer and,  in  practically  all  cases,  he  is  glad  to  make  the  changes 
along  these  lines.  When  a  suggestion  for  approval  is  made,  this  is 
usually  ordered  by  a  council  and  the  fitting  is  then  placed  in  the  pub- 
lished list  of  approved  electrical  fittings.  This  list  and  the  Code 
form  the  two  essential  handbooks  of  approved  electrical  construc- 
tion. 

Further,  the  list  of  approved  fittings  is  a  most  valuable  guide 
in  the  selection  of  material  to  be  used  in  construction  work.  This 
list  is  entirely  unbiased  and  gives  an  array  of  equipment  which  can 
be  depended  upon.  Attention  is  called  to  the  hazards  likely  to  arise 
when  fittings  that  have  not  been  approved  are  used.  A  close  check 
is  kept  on  the  manufacturers  to  see  that  the  fittings  they  make  are 
maintained  up  to  the  standard  of  the  samples  that  have  been  sub- 
mitted for  test  and  approved.  This  is  done  by  a  number  of  resident 
and  traveling  inspectors  and  by  means  of  the  label  service,  which  is 
a  most  reliable  way  to  insure  that  the  product  is  up  to  standard. 
Inspectors  in  the  field  frequently  make  suggestions  as  to  improve- 
ments of  devices.  The  safety  idea  has  long  been  actively  kept  in 
mind,  and  in  this  connection  I  will  cite  the  standardization  of  lamp 
bases  and  sockets  made  at  the  suggestion  of  the  Underwriters' 
Laboratories. 

Mr.  Postel:  Mr.  Tousley  will  talk  to  us  from  the  viewpoint 
of  the  municipality,  and  will  tell  us  how  we  may  get  these  fittings 
safely    installed. 

V.  H.  Tousley  (Chief  Electrical  Inspector,  Chicago)  :  Mr. 
Glover  has  told  us  something  about  the  Underwriters'  Laboratories. 
After  the  laboratory  has  finished  with  its  part  of  the  work,  the  fit- 
tings are  ready  for  the  inspectors  in  the  field.  These  inspections 
are  carried  on  throughout  the  country,  in  some  cases  by  the  Under- 
writers, in  some  by  the  individual  insurance  companies,  in  some  by 
the  lighting  companies,  and  in  other  cases  by  the  municipalities. 
My  remarks  will  be  from  the  standpoint  of  the  municipality,  and 
will  be  confined  entirely  to  the  work  of  the  Inspection  Bureau,  which 
covers  practically  all  the  work  done  in  the  city  of  Chicago.  The 
Underwriters  have  their  own  inspectors,  but  they  make  no  pretense 
of  covering  all  the  work. 

Probably  very  little  is  known  in  a  general  way  as  to  what  the 
work  of  the  Electrical  Inspection  Bureau  of  the  City  of  Chicago 
covers.  I  notice  there  are  men  he-re  tonight  who  are  closely  con- 
nected with  it  and  who  are  probably  very  "familiar  with  it,  but  the 
general  electrical  man  knows  little  or  nothing  about  the  operation  of 
the  municipal  Inspection  Bureau.  I  think  it  is  not  given  the  atten- 
tion or  the  support  it  deserves. 

Chicago  at  the  present  time  maintains  an  Inspection  Bureau 
that  has  71  employes ;  45  of  those  emploves  are  inspectors  working 
out  in  the  districts.  The  appropriation  for  1914  is  $123,860.  That 
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means  Cliicago  taxpayers  are  contributing  $124,000  in  1914  to  en- 
sure, or  to  attempt  to  obtain,  safe  electrical  installations. 

Chicago  has  been  in  the  business  of  inspecting  installations  for 
over  thirty  years.  On  the  10th  of  last  December  a  banquet  was 
given  the  Bureau  itself  to  celebrate  the  thirtieth  anniversary  of  the 
passage  of  the  ordinance  which  created  the  Bureau.  Thirty  years 
dates  back  to  1883  and  you  know  that  1883  was  pretty  young  so  far 
as  electrical  development  was  concerned.  It  is  a  noteworthy  fact 
that  the  book  of  rules  referred  to  by  Mr.  Glover  was  first  put  to- 
gether in  Chicago.  In  1893  (World's  Fair  year),  there  was  a 
meeting  of  a  number  of  the  interested  persons,  mostly,  if  not  almost 
entirely,  representatives  of  insurance  companies,  who  got  together 
and  made  up  a  set  of  rules.  That  was  the  beginning  of  our  present 
National  Electrical  Code.  The  people  who  were  at  this  meeting 
were  not  Chicago  people  alone,  but  Chicago  has  the  honor  of 
being  the  birthplace  of  the  National  Electrical  Code. 

A  little  idea  of  the  extent  of  the  work  of  the  Inspection  Bureau 
will  be  gained  from  the  following  figures,  which  cover  the  work  of 
1913.  In  1913  there  were  114.686  inspections.  There  were  59.265 
permits,  which  covered  the  inspection  of  2.424,313  incandescent 
lights,  239.000  horse  power  motors,  besides  a  tremendous  lot  of 
other  apparatus. 

The  inspectors  are  divided  into  various  divisions: 

For  interior  work. 

For  outside  work. 

For  electric  signs. 

For  theaters. 

For  reinspection  of  old  installations. 

For  examination  of  moving  picture  operators. 

For  investigation  of  electrical  accidents. 

Interior  Work,  or  Regular  Inspections:  The  city  is  divided  into 
27  districts,  with  an  inspector  assigned  to  each  district.  Before 
any  work  is  done  in  the  city  it  is  necessary  to  make  out  an  apphca- 
tion  and  obtain  a  permit.  That  is  our  notice  of  the  work  being  done. 
These  applications  are  then  turned  over  to  the  inspector  in  the  dis- 
trict and  he  follows  them  up  until  the  work  is  completed  and  finally 
turned  in  as  approved.  In  this  work  practically  everything  is  cov- 
ered from  small  installations  of  one  incandescent  lamp  (we  have 
many  applications  that  call  for  one  incandescent  lamp).  u{)  to  some 
very  large  installations,  covering  10,000  to  20,000  i!i<-andcscent 
lamps. 

Outside  Work:  This  division  ha-;  thrc«'  inspectors,  who  cover 
pole  line  woik. — street  electric  work.  The  division  was  formed  only 
this  year,  so  it  is  somewhat  in  process  of  development.  The  inten- 
tion is  to  sooner  or  later  cover  and  make  inspection  of  all  outside 
electrical  work,  including  pole  line  and  undergroimd  work,  (^ne 
of  the  best  illustrations  of  the  necessity  of  such  inspections  is  the 
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present  electrolysis  conditions.  Anyone  who  has  kept  in  touch  with 
the  situation  knows  what  a  serious  thing  this  is  at  present,  and  how 
much  more  serious  it  is  becoming.  The  duty  of  the  outside  inspec- 
tors will  be  to  see  that  the  ordinances  which  have  been  passed  to 
eliminate  or  at  least  reduce  this  loss  are  carried  out. 

Electric  Signs:  There  are  two  inspectors  in  this  division. 
Every  electric  sign  in  the  city  of  Chicago  is  inspected  as  soon  as 
it  is  erected,  and  yearly  thereafter.  The  inspection  of  electric  signs 
may  seem  a  little  out  of  the  electrical  line.  Of  course,  they  do  con- 
tain some  wires,  but  the  major  part  is  the  mechanical  construction 
of  the  sign  and  its  supports.  We  have  been  doing  this  electric  sign 
work  for  twelve  or  fifteen  years  and  it  was  placed  in  our  Bureau 
at  the  request  of  Mayor  Harrison,  in  one  of  his  previous  terms. 
He  was  apprehensive  that  the  signs  put  over  the  sidewalks  might 
blow  down  and  cause  a  loss  which  the  city  would  have  to  stand  be- 
cause they  are  maintained  on  public  property,  and  he  was  very 
anxious  that  careful  inspection  of  the  signs  should  be  maintained. 
There  are,  I  think,  at  the  present  time  between  7,000  and  8,000  elec- 
tric signs  in  the  city  of  Chicago,  and  our  records  show  that  not 
more  than  three  or  four  of  them  have  ever  fallen  down, — a  record 
to  be  proud  of.  One  of  the  signs  which  fell  was  a  large  electric 
flag  swung  across  the  street  at  State  and  Ouincy  Streets,  by  the 
Chicago  American  when  it  first  came  to  Chicago.  It  pulled  out 
part  of  the  stone  work  from  the  building.  Another  sign  came  down 
when  a  board  sign  fell  ofif  a  roof  and  hit  it.  This  is  one  phase  of 
the  work  which  we  look  after  and  the  fact  that  we  have  had  few. 
or,  I  might  say,  no  serious  accidents  from  electric  signs,  is  a  grati- 
fying record. 

Theater  Inspection:  The  equipment  of  every  show  that  comes 
to  the  large  theaters  or  vaudeville  houses  carrying  electrical  ap- 
paratus has  to  be  inspected  before  it  is  used,  and  one  man  looks 
after  that  work.  This  feature,  as  you  all  know,  was  started  at  the 
time  of  the  Iroquois  fire  and  has  been  very  rigidly  kept  up.  and  I 
believe  I  may  say  that  today  the  inspection  is  just  as  rigidly  kept  up 
as  it  was  just  after  that  fire.  There  is  probably  no  class  of  work 
in  which  there  is  worse  construction  than  in  these  traveling  show 
equipments.  They  are  generally  wired  by  stage  hands  whose  only 
electrical  knowledge  is  to  get  the  efifect  without  regard  to  the  rules. 

Reifispection  of  Old  Installations:  One  of  the  most  important 
things  in  inspection  work  started  this  year  is  a  systematic  rein- 
spection  of  old  installations.  This  reinspection  division  contains 
now  some  seven  inspectors.  Their  work  covers  the  whole  city  which 
is  divided  up  into  some  six  or  seven  districts.  This  building  that 
we  are  in  has,  I  think,  been  recently  reinspected ;  in  fact,  all  these 
older  downtown  buildings  and  all  the  older  buildings  in  the  out- 
lying districts.  In  making  these  inspections  we  have  kept  in  mind 
two  things,  the  fire  hazard  and  the  life  hazard.  You  find  on  Mar- 
ket Street  buildings  occupied  on  the  upper  floor  by  hundreds  of  girls 
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and  boys,  with  not,  ofttimes,  adequate  fire  escapes  for  tliem.  Our 
endeavor  has  been  to  confine  our  greatest  efforts  to  keeping  those 
buildings  in  good  shape.  This  reinspection  department  or  division 
has  been  at  work  only  during  1913  and  we  are  getting,  I  think,  some 
very  good  results  from  it.  We  find,  in  a  number  of  cases,  buildings 
in  which  we  have  never  been  able  to  make  an  inspection  before. 
Take,  for  instance,  the  larger  companies,  like  the  larger  office  build- 
ings. We  were  busy  making  inspections  of  the  work  that  came  in 
on  new  applications.  We  never  got  applications  from  the  class  of 
buildings  referred  to  and  we  could  not  get  to  them  for  reinspection. 
Our  men  are  now  inspecting  these  buildings  and  the  results  are 
good.  We  find  in  many  cases  they  have  been  doing  work  in  these 
buildings  and  paying  more  money  for  it  than  they  would  have  had 
to  pay  for  work  done  according  to  the  Code,  and  they  were  getting 
not  only  defective  work  but  in  some  cases  work  that  was  really 
hazardous. 

An  engineer,  while  in  my'  office  recently, — a  man  who  has 
charge  of  one  of  the  largest  plants  in  the  city  of  Chicago, — made 
the  statement  to  me  that  he  found  there  was  actual  economy  in  his 
work  to  follow  very  closely  the  rules  of  the  department.  This  com- 
pany, by  the  way,  is  a  company  where,  five  years  ago,  when  an  in- 
spector tried  to  get  in  the  place  he  would  have  to  go  to  four  or  five 
different  heads  of  departments  and  when  the  day  was  over  he  would 
have  accomplished  nothing  and  was  glad  to  quit.  Those  people  are 
not  only  welcoming  us,  but  coming  to  us  and  asking  for  advice. 
There  has  been,  in  late  years,  a  great  change  in  the  feeling  of  the 
citizens  in  general  toward  the  municipal  inspection  departments, 
at  least  so  far  as  the  electrical  work  is  concerned.  I  suppose  it  ap- 
plies all  the  way  down  the  line,  however.  Five  or  six  years  ago 
every  contractor  considered  the  inspector  his  enemy,  that  the  in- 
spector was  simply  trying  to  get  something  "on"  him,  and  the  more 
he  could  "put  over"  on  the  inspector  the  better  oft'  he  was  and  the 
more  money  he  was  saving.  We  also  found  that  these  larger  plants, 
years  ago,  did  not  want  inspectors  and  used  every  means  to  keep 
them  out  of  the  plants  and  it  would  take  us  a  year  to  make  any 
showing  at  all.  Today  our  inspectors  go  into  these  same  places 
and  find  tliat  every  effort  is  being  made  to  comply  with  the  rules. 
We  find  the  contractors,  instead  of  trying  to  "put  some- 
thing over"  on  the  inspector,  are  joined  together  to  try  to  catch 
each  other.  Most  of  the  contractors  today  are  in  associations.  If 
they  are  found  doing  work  not  in  accordance  with  the  rules,  they 
are  liable  to  fine  and  possibly  expulsion  from  their  association.  This 
change  has  occurred  during  the  last  five  or  six  years.  The  tendency 
is  toward  a  much  higher  grade  of  construction  and  assistance  to  us 
in  our  electrical  inspections.  This  change  has  come  about  during 
the  last  five  or  six  years. 

Rxamination  of  Movino;  Picture  Of>crnfnrs:  .\nother  great 
difficulty  wc  have  had  to  contend  with,  is  moving  picture  operators. 
I'A'cry  moving  i)icturc  operator  in  the  city  of  Chicago  is,  or  ought 
to  be,  licensed.     Some  of  them  get  away  once  in  a  while  without  a 
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license,  but  the  majority,  practically  all  of  them,  are  licensed.  Every 
boy  who  helps  in  a  booth,  what  is  known  as  an  apprentice,  is  reg- 
istered as  an  apprentice.  All  the  moving  picture  apparatus  is  under 
constant  inspection.  We  have  one  man  traveling  every  night,  go- 
ing around  to  these  various  theaters  and  seeing  that  their  apparatus 
is  in  standard  shape.  We  only  have  one  inspector  doing  that  work. 
It  may  appear  to  you  that  one  inspector  is  far  too  small  a  force 
to  be  put  on  such  a  large  amount  of  work.  There  are  between! 
700  and  800  moving  picture  theaters  in  the  city  of  Chicago  today, 
but  this  inspector  has  a  system  whereby  he  keeps  track  of  the 
defects  in  each  one  of  the  theaters  and  goes  back  most  frequently 
to  those  he  finds  defective,  and  every  time  he  goesback  to  a  theater, 
the  theater  owner  is  charged  for  the  time.  The  result  is,  the  man 
who  keeps  his  theater  in  compliance  with  the  ordinance  gets  away 
with  much  less  charge  and  with  fewer  inspections. 

Electrical  Accidents:  Serious  electrical  accidents  are  investi- 
gated by  an  inspector  to  get  the  details  of  the  accident,  the  idea 
being  to  find  out  what  rules  may  be  put  into  effect  to  reduce  or 
eliminate  accidents  in  the  future.  Our  records  last  year  show  242 
reported  accidents.  Of  these  accidents  twenty  were  fatal  and  of 
the  twenty,  fifteen  occurred  to  minors,  or  those  under  twenty-one 
years  of  age.  Many  of  them  occurred  to  school  boys  possibly  taking 
a  dare, — boys  climbing  a  pole  and  trying  to  start  an  arc  lamp.  That 
is  one  of  the  really  big  questions  we  have  ahead  of  us  today,  how 
to  eliminate  or  how  to  reduce  these  electrical  accidents,  particularly 
the  fatal  electrical  accidents.  At  the  present  time  one  man  spends 
his  entire  time  in  investigating  outside  work,  includng  pole  line 
work  for  both  the  telephone  companies  and  the  power  companies, 
and  part  of  his  investigation  includes  the  pole  life  hazard.  It  is  a- 
hazard  that  we  must  lessen,  because  every  year  there  are  more  and 
more  killed  from  electrical  accidents  on  outside  pole  lines. 

We  had  last  year,  I  think,  two  fatal  accidents  from  110  volts. 
One  you  probably  read  about  a  couple  of  months  ago,  where  a  man 
used  a  vibrating  machine  in  a  bath  tub.  And,  by  the  way,  don't 
use  a  vibrating  machine  in  a  bath  tub.  It  is  a  very  natural  thing 
for  one  to  do,  but  if  you  do  it  you  stand  a  very  good  chance  of  never 
doing  it  again. 

The  last  accident  we  had  is  one  of  the  best  arguments  we  have 

toward  the  approved  apparatus  which  Mr.  Glover  speaks  of.    There 

is  at  the  present  time  absolutely  no  control  over  the  apparatus  that 

is  sold  to  the   public.     You  can  buy  flatirons   in  the  department 

stores  for  $1.00  or  $1.50  each,  that  may  burn  your  house  up  the 

first  time  you  use  them,  or  you  may  buy  vibrating  machines  for 

$2.00  or  $3.00  that  a  man  ought  to  be  arrested  for  selling.     Yoit 

iJ^K         can  buy  all  kinds  of  electrical  apparatus  made  only  for  the  purpose 

^^m        of  selling,  with  no  regard  for  safety  from  either  fire  or  accident. 

V^M  We  know  of  three  deaths  during  the  last  two  years  from  these 

^^H        vibrators.    One  case  was  from  an  outfit  originally  intended  for  bat- 

^^H        tery  use,  rigged  up  to  be  used  in  connection  with  an  incandescent 
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lamp  in  series  with  a  110-volt  socket  and  it  had  a  metal  handle. 
A  man  was  m  a  bath  tub  shampooing  his  hair.  He  took  hold  of  the 
metal  handle  with  his  wet  hand  and  turned  on  the  current.  The 
man  was  dying  for  an  hour.  In  his  struggles  he  had  lifted  the  bath 
tub  out  practically  a  foot  from  the  wall.  The  neighbors  heard  the 
noise  but  thought  it  was  a  dog  next  door.  So  you  can  see  it  was 
not  only  death  but  an  awful  death.  This  illustrates  another  of  the 
very  important  subjects  that  the  municipal  inspection  bureaus  and 
the  Underwriters  must  take  up. 

Electrical  Laboratory:  We  maintain  an  electrical  laboratory 
in  the  City  Hall,  but  it  is  not  very  large.  It  was  started  about  two 
years  ago.  When  the  question  of  the  "new  code"  rubber  covered  wire 
came  up,  the  Underwriters'  Laboratories  handled  the  new  rubber 
covered  wire  and  handled  it  very  thoroughly ;  but  when  we  come 
to  the  inspection  of  the  wire  we  find  there  are  many  contractors  who 
use  short  lengths.  In  spite  of  the  fact  that  the  laboratory  does  not 
approve  ''old  code"  wire  we  find  many  contractors  are  still  using  it. 
Our  inspectors  have  instructions  to  bring  in  all  short  coils  of  wire 
and  turn  them  over  to  the  man  in  the  laboratory,  who  makes  a  test 
of  them,  and  some  of  the  results  would  greatly  surprise  you. 

I  had  occasion  a  short  time  ago  to  pick  up  a  coil  of  wire  that 
had  been  submitted  to  us  two  years  ago.  It  was  "old  code"  wire, 
and  had  been  coiled  up  for  perhaps  a  year  and  a  half  or  two  years, 
and  when  we  tried  to  move  it  we  found  the  coil  was  practically  one 
solid  mass  of  hard  rubber.  It  is  almost  a  crime  that  this  "old  code" 
rubber  covered  wire  was  allowed  to  be  used,  and  we  may  have  some 
very  serious  results  from  it.  The  older  buildings  were  wired  at  a 
time  when  they  really  used  rubber  in  rubber  covered  wire,  and 
it  is  the  only  thing  that  has  saved  many  of  the  buildings  in  the  city 
of  Chicago  from  being  burned  up  from  imperfect  wiring.  The  wire 
of  two  or  three  years  ago,  so-called  rubber  covered  wire,  was  in 
many  cases  absolutely  devoid  of  rubber.  Some  of  the  manufac- 
turers bragged  that  they  could  make  rubber  covered  wire  without 
using  rubber  and  some  of  them  did. 

Our  laboratory  is  also  taking  up  work  along  the  line  of  that 
of  the  large  laboratory.  We  go  into  the  supply  men's  shops  and  the 
contractors'  shops  and  see  what  material  they  arc  using,  whether 
the  material  which  they  have  in  their  stock  comjilies  with  the  rules. 
We  find  in  many  cases  it  does  not ;  that  this  material  is  deficient. 
Possibly  a  cut-out  cabinet  is  made  with  a  metal  too  thin  or  some 
other  class  of  defective  apparatus  is  used. 

Control  of  Defective  Material:  W'e  have  been  trying  to  get 
control  of  the  sale  of  defective  material.  A  citizen  who  wants  to 
buy  some  electrical  apparatus  can  go  to  a  supply  house  and  they 
can  sell  him  anything  they  please.  He  can  go  ahead  and  put  it  in 
his  building  and  an  inspector  will  come  along  and  tell  him  to  take 
it  all  out.  That,  of  course,  may  not  be  very  serious  in  itself,  except 
that  the  citizen  loses  what  money  he  paid  for  the  ajiparatus  and  is 
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at  the  expense  of  taking  it  out  and  putting  it  in  again.  That  prac- 
tice is  wrong  and  should  not  be  allowed,  but  how  can  we  stop  it? 
I  have  had  the  matter  up  with  our  legal  department  on  two  occa- 
sions. On  one  occasion  a  reputable  manufacturer  sent  out  an  elec- 
tric heater.  It  took  about  seven  or  eight  amperes  to  operate  it. 
and  with  it  he  sent  out  twenty  or  twenty-five  ampere  fuse  plugs 
and  a  card  telling  how  to  take  out  the  old  plugs  and  put  in  the  new 
ones;  all  of  which  is  very  likely  to  result  in  a  fire.  We  had  no 
way  of  stopping  that  man  from  sending  out  those  heaters  and 
very  likely  he  is  sending  them  out  today.  We  must  come  to  some 
way  of  regulating  such  matters.  There  is  control  of  the  sale  of 
ifireworks;  there  is  control  of  the  sale  of  food;  there  is  control  of 
the  sale  of  firearms ;  and  there  is  no  real  reason  why  there  should 
not  be  a  control  of  the  sale  of  electrical  apparatus. 

Mr.  Postel:  Now  that  we  have  heard  something  in  regard  to 
the  devices  and  their  installation,  we  will  call  upon  Mr.  Gear  to 
tell  us  something  from  the  viewpoint  of  the  central  station. 

H.  B'.  Gear,  m.  w.  s.  e.  (Engineer  of  Distribution,  Common- 
wealth Edison  Co.)  :  The  subject  of  electrical  inspection  really 
means,  as  I  take  it,  a  discussion  of  the  conditions  which  make  elec- 
trical inspection  necessary,  and  the  remarks  which  I  have  to  make 
are  based  on  that  assumption. 

Mr.  Glover  has  told  us  something  of  the  development  of  elec- 
trical devices  and  Mr.  Tousley  has  told  us  something  of  the  means 
which  are  employed  to  supervise  the  use  of  those  devices  in  Chi- 
cago and  enforce  their  proper  installation. 

The  advance  in  the  standard  of  electrical  construction  in  the 
past  fifteen  or  twenty  years  has  been  very  great  as  a  result  of 
these  efiforts.  I  well  remember  that  one  of  the  first  jobs  I  ha-^d 
as  an  inspector  was  to  climb  up  on  a  stepladder  with  a  bridge  and 
hunt  for  a  ground  on  a  circuit  encased  in  brass  sheathed  conduit. 
Brass  sheathed  conduit  was  a  fiber  conduit  with  a  shell  of  brass 
on  the  outside.  Any  nail  that  went  through  the  conduit  grounded 
the  circuit  if  it  happened  to  make  contact  with  the  copper.  The 
way  we  found  those  grounds,  in  the  case  I  have  in  mind,  was  by 
looking  for  a  nail  in  the  picture  molding.  I  had  no  trouble  in 
digging  in  with  my  screwdriver  a  little  and  getting  a  good  test 
between  a  nail  and  the  ceiling  outlet. 

I  was  very  much  impressed  within  a  year  after  that  in  mak- 
ing tests  in  the   Fisher  Building,  which  was  the  first  downtown 
building  to  be  wired  with  iron  conduit,  with  the  fact  that  a  perma- 
nent way  of  making  an  electric  installation  had  been   devised,   a 
way  in  which  the  wire  could  be  pulled  in  and  drawn  out.     The 
^^K       building  was  expected  to  be  there  for  fifty  years  and  with  the  iron 
^^B       conduit   the   electrical   installation   can   be   maintained   in   as   good 
^^B       condition  as  the  building  itself. 

^^H  The  result  of  this  inspection  of  electrical  wiring  and  equip- 

V^M  ment  has  been  to  improve  and  increase  the  public  confidence  in  the 
^^B  safety  of  electric  wiring.  It  is  becoming  less  and  less  the  fashion 
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with  newspaper  reporters  to  attribute  unknown  fires  to  crossed 
wires.  Electrical  installations  had  a  bad  reputation  with  the  public 
for  a  considerable  time  and  many  people  were  actually  afraid  of 
electric  light  for  that  reason.  That  day  has  largely  passed  and  in 
new  installations  today  it  is  a  rare  thing  to  find  a  first-class  build- 
ing without  some  adequate  provision  for  electric  service. 

One  of  the  incidental  disadvantages,  I  may  say,  of  this  im- 
provement in  the  class  of  construction  has  been  the  removal  oi 
some  of  the  less  expensive  forms  of  construction,  which  were  suit- 
able for  installations  which  did  not  require  to  be  so  permanent  in 
their  character.  I  refer  particularly  to  the  elimination  of  wood 
molding  construction  and  open  work.  I  appreciate  that  these  types 
of  construction  often  resulted  in  dangerous  conditions,  but  from 
the  central  station  point  of  view  the  removal  of  the  less  expensive 
forms  of  construction  which  could  be  used  in  stores  which  were 
only  rented  for  a  year  or  two  is  a  hardship  on  the  tenant.  That 
class  of  construction,  of  which  there  is  a  great  deal  done  In  thd 
older  buildings  in  Chicago,  has  become  considerably  more  expen- 
sive as  a  result  of  these  more  strict  requirements,  and  a  consider- 
able amount  of  conduit  work  is  put  in  which  is  torn  out  and  thrown 
away  in  the  course  of  a  few  years — long  before  it  has  really  lived 
its  useful  life. 

The  central  station's  point  of  view  of  the  inspector's  work  is 
that  it  is  for  the  greatest  good  to  the  greatest  number,  and,  there- 
fore, it  has  no  quarrel  with  it;  it  has  received  great  benefit  from 
the  improved  condition  and  from  the  increased  reputation  for  safety 
which  electric  service  has  with  the  general  public. 

The  inspectors  of  the  central  station  have  various  kinds  of 
inspection  work.  They  are  inspectors  of  overhead  and  underground 
work,  as  well  as  of  interior  construction  ^\1ork.  Their  duties  are 
of  such  a  character  as  to  take  up  their  time  on  other  work  which 
must  be  done  and  the  inspection  of  wiring,  which  has  been  in- 
spected by  the  city  inspectors  from  the  point  of  view  of  whether 
or  not  it  complies  with  the  Code,  is  limited  almost  entirely  to  the 
construction  work  done  by  the  company's  own  department.  This 
work  is  all  inspected  by  the  company's  inspectors  before  it  is  con- 
nected and  any  defects  which  do  not  comjily  with  the  city  rules  are 
remedied. 

The  company  finds  it  necessary,  however,  to  maintain  a  sot 
of  inspection  rules  which  are  entirely  outside  of  the  National  Elec- 
trical Code  or  the  city  code  and  which  occupy  a  considerable  part 
of  the  attention  of  the  central  station  inspectors.  These  rules,  I 
may  say,  are  commonly  supposed  by  some  to  be  constituted  for  the 
purpose  of  making  red  tape  to  retard  the  prom|H  comiection  of  the 
customer  and  to  generally  confound  the  contractor.  Perhaps  it 
might  be  of  interest  to  outline  just  a  few  of  the  reasons  why  we 
have  to  have  some  of  these  rules.  We  would  like  to  be  able  to. 
connect  our  customers  up  on  the  approval   of  the  city   inspector, 
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but  we  can,not  do  that.     We  have  ehminated  as  much  as  we  can 
and  have  cut  out  as  much  of  the  red  tape  as  possible. 

There  are  tvvo  reasons  for  these  rules — the  elimination  of  haz- 
ards and  the  strictly  commercial  reasons.  The  hazards,  however, 
are  not  the  hazards  of  life  or  property,  but  hazards  to  the 
service.  For  instance,  we  find  it  necessary  to  have  some  rules  with 
regard  to  the  three-wire  system  limiting  the  number  of  lights  that 
can  be  put  on  one  side  of  the  system  in  stores  to  twenty-four  lights, 
in  houses  to  thirty-six  lights.  We  appreciate  that  it  is  cheaper  to 
wire  a  two-wire  circuit  than  it  is  a  three-wire  circuit,  but  from 
the  standpoint  of  pressure  regulation  and  good  lighting  service 
we  must  draw  a  line.  We  cannot  go  above  that  limit  and  be  sure 
that  we  shall  be  able  to  give  good  lighting  service  in  every  case. 
For  somewhat  similar  reasons  we  find  it  necessary  to  separate 
the  stereopticons  or  moving  picture  machines  in  a  moving  picture 
theater  from  the  other  lighting  and  sometimes  to  install  a  separate 
service  for  the  former,  because  the  heavy  and  variable  draft  of 
current  on  the  secondary  main  for  the  moving  picture  machine  is 
so  much  larger,  in  proportion  to  the  general  draft  of  current  for 
lighting  in  the  neighborhood,  that  if  the  moving  picture  machine 
is  put  on  the  same  circuit  with  the  other  lights  everybody  in  the 
block  knows  when  the  theater  is  open.  So  we  have  to  have  some 
restrictions  about  the  way  in  which  these  theater  installations  can 
be  connected  up. 

Similarly  with  the  boys  who  run  wireless  telegraph  outfits. 
We  find  it  necessary  for  them  to  bring  a  separate  sersuce  out,  be- 
cause if  they  undertake  to  operate  a  wireless  outfit  with  the  other 
lights  in  the  block,  the  whole  block  knows  it  whenever  that  boy  is 
busy  and  they  can  almost  read  his  signals  on  the  lights. 

Another  source  of  trouble  which  has  been  becoming  increas- 
ingly acute  within  the  last  year  is  the  automatic  piano,  of  the  nickel- 
in-the-slot  variety.  The  small  motors  that  are  used  in  this  type! 
of  apparatus  take  from  five  to  ten  times  their  normal  rated  cur- 
rent to  start,  and  therefore  a  0.1  h.  p.  motor  draws  about  15  am- 
peres, and  at  110  volts  this  is  a  little  more  than  a  good  many  of 
the  lighting  circuits  will  stand.  Everybody  in  the  block  knows 
when  a  nickel  goes  into  the  slot  of  that  piano,  and  we  have  found 
it  necessary  to  establish  a  rule  requiring  that  these  motors  be  wound 
for  220  volts,  not  because  we  wanted  to  work  any  hardship  on! 
the  piano  manufacturers,  who  did  feel  it  was  quite  a  hardship  to 
change  over,  but  because  we  get  an  increasing  number  of  com- 
plaints, and  in  quite  a  number  of  cases  a  recording  voltmeter  will 
show  10  volts  drop  every  time  the  piano  is  started.  This  and 
other  devices,  such  as  coffee  mills,  meat  choppers  and  other  motors 
which  are  started  intermittently  and  frequently  during  the  even- 
ing lighting  hours,  have  made  it  necessary  to  require  them  to  be 
wound  for  220  volts,  simply  as  a  protection  to  the  other  customers 
in  the  same  block,  who  are  entitled  to  lighting  service  "without 
the  annoyance  of  a  flickering  supply.  In  some  cases  it  has  been 
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necessary  to  install  separate  circuits  entirely  for  these  installations 
in  order  to  get  rid  of  the  trouble. 

Coming  up  to  the  larger  sizes  of  installations,  I  think  it  is 
pretty  generally  understood  that  for  the  same  reason  I  have  given 
in  connection  with  alternating  current,  practically  all  the  large 
motor  installations  have  to  be  on  separate  service  from  the  lighting 
in  order  to  avoid  trouble  when  the  motors  are  started.  With  the 
three-phase  installations,  of  course,  it  is  necessary  to  have  them 
separate  because  of  the  fact  that  the  lighting  service  is  given  from 
the  single  phase  and  it  is  necessary  to  have  transformers  for 
the  three-phase  service,  separate  from  the  lighting  transformers. 
In  a  few  cases  in  large  installations,  as  in  factory  buildings  and 
places  where  the  requirements  for  close  regulation  are  not  very 
great,  we  are  now  connecting  the  lighting  to  the  power  transform- 
ers, because  all  the  energy  is  sold  at  one  rate  and  it  is  unnecessary 
to  have  separate  meters.  This  is  done  in  such  places  as  grain  ele- 
vators and  that  class  of  installation  where  there  are  comparatively 
few  office  lights,  and  the  fluctuations  of  lights  or  a  little  low  pres- 
sure does  not  materially  inconvenience  them.  The  introduction  of 
Tungsten  lamps  has  also  favored  this  condition,  as  the  pressure 
drop  in  the  Tungsten  lamp  does  not  produce  quite  so  much  reduction 
in  candlepower  as  it  did  with  carbon  lamps. 

These  are  the  rules  which  affect  the  service.  We  find  these 
rules  are  necessary  simply  for  the  greatest  good  for  the  greatest 
number. 

There  are  certain  other  rules  relating  to  the  location  and 
number  and  size  of  meters,  type  of  meters,  and  so  forth,  which" 
arose  simply  from  commercial  conditions  under  which  the  energ>' 
is  sold.  It  is  usually  necessary  to  have  separate  meters  for  light 
and  power  for  that  reason,  and  it  is  necessary  to  provide  spaces 
for  the  meters  which  are  free  from  vibration,  free  from  liability 
of  mechanical  injury  and  accessible  to  the  meter  reader  and  the 
meter  tester.  A  variety  of  rules  of  that  sort  do  not  cause  any 
special  expense  or  inconvenience  to  anybody,  provided  the 
rules  are  known  in  advance  and  conditions  are  provided  for. 

One  of  the  rules  which  has  been  made  by  the  city  within  the 
last  two  years  has  been  of  great  mutual  benefit  to  office  and  apart- 
ment wiring  installations  and  to  the  company,  and  that  is  t\^€ 
rule  relative  to  meter  loop  outlet  boxes.  I  well  remember  trying 
to  find  a  meter  loop  in  one  of  the  meter  closets  on  one  of  the  floors 
of  this  building.  There  was  a  big  horse  tail  of  wires  hanging 
down  loose  on  one  side  and  a  few  other  loose  ends  hanging  out 
of  the  wall  on  the  other  side  that  went  to  the  circuits  in  the  nxims. 
This  horse  tail  that  came  down  on  one  side  was  the  feeds  that 
came  from  the  cut-out  box,  without  any  order  or  attempt  at  insu- 
lation or  separation  between  wires.  This  outlet  device  permits 
the  meter  to  be  removed,  the  meter  loops  to  be  taken  away,  and  the 
whole  installation  to  be  left  in  perfectly  safe  condition  while  the 
meter  is  out.     The  company  provides  the  necessary  pieces  of  wire 
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to  put  in  to  connect  the  meter  up  when  it  is  reinstalled.  We  can 
make  a  businesslike,  safe  meter  installation  and  have  a  meter  closet 
which  can  be  safe  and  orderly  at  all  times.  This,  I  think,  is  per- 
haps one  of  the  most  pronounced  advances  in  recent  years  that 
has  been  made  in  wiring  for  apartment  and  ofifice  buildings,  where 
there  are  groups  of  meters  together. 

There  is  one  rule  which  perhaps  we  are  called  on  to  make 
explanations  for  as  much  as  any  and  that  is  the  rule  limiting  three- 
phase  installations  to  5  h.  p.  Almost  every  day  somebody  calls 
up  and  says :  "We  have  a  three-horse  three-phase  power  motor. 
We  use  so  and  so  of  your  service  and  are  moving  so  and  so.  We 
expect  to  have  more  power  later.  Will  you  give  us  connection 
for  it?"  We  would  like  to  give  service  from  a  three-phase  system 
for  motors  of  any  size,  but  as  we  come  down  in  the  scale  of  sizes 
the  cost  of  three-phase  service  per  horsepower  goes  up  very  rap- 
idly and  we  reach  a  limit  with  the  5  h.  p.  When  it  comes  below 
5  h.  p.  the  disparity  of  cost  becomes  so  great  that  the  total  cost, 
figuring  the  difference  between  the  cost  of  the  motors  and  the  cost 
of  the  service,  becomes  such  that  the  central  station  company's 
share  of  the  expense  is  greater  than  it  ought  to  be  and  therefore 
we  have  fixed  the  limit  of  5  h.  p.  We  have  recently  made  a  rule 
for  the  benefit  of  those  who  expect  later  to  have  more  power  by 
which  they  can  deposit  the  extra  cost  of  the  service  until  such 
time  as  the  installation  equals  5  h.  p.,  at  which  time  the  deposit 
will  be  returned. 

In  regard  to  the  matter  of  overhead  inspection  referred  to 
by  Mr.  Tousley,  it  is  our  practice  to  check  up  overhead  and  under- 
ground work  upon  completion  and  to  keep  it  in  safe  condition 
as  far  as  it  is  possible  to  get  over  the  ground  and  keep  track  of  it. 
The  trouble-men  are  kept  busy  patrolling  lines  when  not  engaged 
in  clearing  trouble,  and  a  corps  of  men  are  kept  busy  inspecting' 
conditions  all  the  time.  We  welcome  the  co-operation  of  the  city 
in  checking  up  any  conditions  which  may  seem  to  them  dangerous 
which  we  have  not  caught  and  are  anxious  to  follow  out  the  safety- 
first  idea,  both  for  the  public  and  for  the  employes. 

Mr.  Postel:  It  has  always  seemed  to  me  that  in  the  quest 
for  safer  construction  the  insurance  companies  could  possibly  do 
something  along  that  line  by  making  it  an  object  not  only  to  com- 
ply with  the  Code,  but  to  install  -superior  construction.  In  my 
connection  with  the  Mutual  Fire  Prevention  Bureau  I  reached  that 
conclusion  some  time  ago  and  we  started  to  work  on  that  basis. 
I  might  go  back  further  and  say  that  the  thing  that  caused  me  to 
reach  this  conclusion  was  the  fact  that  in  speaking  to  an  assured 
he  often  took  the  stand  that  he  had  complied  with  the  Code  and 
therefore  his  installation  was  the  last  word  in  good  construction. 
The  first  thing  we  tried  to  do  was  to  convince  him  that  complying 
with  the  Code  did  not  mean  that  he  had  the  best  construction  he 
could  possibly  use,  but  the  worst  that  would  pass  inspection.  He 
often  came  back  and  asked,  "What  is  the  best  construction?'"  To 
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meet  that  situation  we  got  out  two  standards  of  construction, — 
"Standard"  and  "Superior"  construction.  We  have  a  Code  of  our 
own  which  is  practically  the  same  as  the  National  Code,  with  some 
special  requirements  in  addition  on  account  of  the  specially  hazard- 
ous service  in  flour  mills  and  elevators.  In  addition  to  the  Standard 
Code  we  fixed  a  higher  standard  and  the  assured  receives  a  very 
material  reduction  in  rate  by  bringing  his  installation  up  to  this 
higher  standard.  It  is  surprising  to  see  the  large  percentage  of 
new  installations  where  the  owner  is  trying  to  reach  this  higher 
standard.  Of  course,  he  gets  a  lower  rate,  and  he  earns  it.  That 
has  gone  a  very  great  way  toward  reducing  fire  losses.  It  seems 
to  me  that  after  the  insurance  companies  take  up  some  step  of  that 
kind  generally,  they  will  materially  raise  the  standard  of  con- 
struction. 

B.  H.  Peck,  ASSOC,  a.  i.  e.  e.  :  I  have  been  much  interested  in 
the  discussion  tonight  and  it  occurs  to  me  to  inquire  to  what  extent 
it  is  found  necessary  to  inspect  the  equipment  and  the  installations 
of  the  lower  potential  systems,  not  only  in  connection  with  the 
apparatus  itself,  but  the  relation  which  it  bears  to  the  other  higher 
potential  systems  which  may  be  more  or  less  associated  with  it? 

Mr.  Tousley:  In  answer  to  Mr.  Peck's  question  I  will  state 
that  we  have  rules  now  on  the  mstallation  of  signaling  systems, 
including  the  telephone  and  the  telegraph  and  various  fire  protec- 
tion call  systems,  and  we  make  little  pretense  of  inspecting  that 
Vv'ork  because  we  are  in  the  position  of  not  having  a  sufficient  force 
to  do  it.  We  have  always,  where  we  have  had  any  increase  in 
the  force,  put  them  to  work  on  what  appeared  to  be  work  of  the 
most  imj)ortance.  The  telephone  work,  particularly,  which,  of 
course,  includes  most  of  the  signal  work  that  comes  inside  the 
buildings  in  Chicago,  has  been  kept  very  close  track  of  by  the  com- 
panies, and  the  reports  which  we  have  received  of  accidents  or 
fires  from  the  telephone  company's  wires  are  very  rare.  We  do, 
however,  get  some  few  fires,  particularly  in  the  use  of  lead  covered 
cables.  We  have  had  three  or  four  fires  that  have  occurred  with 
apparently  no  other  explanation  of  their  cause  than  from  a  tele- 
])hone  cable.  The  exact  cause  of  the  fire  or  what  occurs  in  the 
cable  to  burn  the  cable  up  is  rather  hard  to  explain.  We  have 
had  two  or  three  fires  which  apparently  were  started  from  that 
cause,  but  outside  of  those  few  there  has  not  been  any  apparent 
need,  with  the  force  that  we  had,  of  such  inspection. 

R.  S.  Huey,  Assoc,  a.  i.  e.  k.  :  Something  has  been  said  to- 
night about  the  apparatus  that  has  been  sold  to  the  consiuner  or 
the  customer  and  some  of  it  has  been  mentioned  as  defective  and 
some  not.  From  the  standpoint  of  the  user  I  would  like  to  get  a 
little  information.  For  instance,  there  are  quite  a  few  vacuum 
cleaning  machines  and  washing  machines  that  are  sold  on  the  mar- 
ket.    In  some  of  those  machines,  when  you  put  them  on  a  660- 
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watt  circuit  and  start  them  up,  the  fuse  blows.    How  can  the  con- 
sumer be  protected  on  that? 

Mr.  Glover:  Answering  that  question  from  the  Laboratory 
standpoint,  I  would  say:  We  would  make  that  test  and  if  we  found 
that  it  was  not  suitable  for  use  on  a  660-watt  circuit  we  would  so 
state  on  the  card  describing  that  device  which  is  sent  out  to  all 
inspection  departments.  Then  it  is  up  to  the  inspector  to  see  that 
a  proper  circuit  is  provided  to  supply  that  fitting.  We  will  examine 
the  fitting.  We  will  give  all  the  information  possible  as  to  what  it 
takes,  what  it  requires,  and  what  ought  to  be  supplied  with  it.  It 
is  then  up  to  the  inspector  in  the  field  to  see  that  the  installation 
is  properly  made. 

Mr..  Huey:  I  do  not  think  that  covers  the  ground  exactly. 
I  have  in  mind  a  case  where  a  friend  bought  a  vacuum  cleaner  and 
I  believe  he  got  it  through  the  Edison  company.  I  tried  it  myself 
and  every  time  I  turned  the  switch  on,  the  lights  would  go  out 
and  the  machine  would  stop.  I  think  the  speaker  from  the  Edison 
company  made  the  remark  that  a  0.1  h.  p.  motor  on  the  nickel-in- 
the-slot  pianos  would  drop  the  voltage  10  volts  and  the  lights  would 
go  down  a  little  bit.  These  lights  not  only  went  down,  but  went 
out.  I  do  not  see  how  you  can  get  along  with  a  6  ampere  fuse 
on  a  piece  of  apparatus  that  takes  10  or  15  amperes  to  operate. 

Mr.  Postel:  Possibly  Mr.  Gear  can  explain  how  to  keep  the 
company  from  selling  such  devices. 

Mr.  Gear:  I  do  not  know  how  much  current  this  particular 
device  takes.  If,  as  Mr.  Glover  says,  it  is  a  device  that  takes  more 
than  660  watts  in  operation,  it  should  be  provided  with  a  separate 
circuit  and  should  not  be  sold  for  use  with  an  ordinary  screw 
attachment  plug  to  go  into  a  socket.  But  there  are  a  great  many 
devices  which  come  under  the  660-watt  limit  and  yet  which,  when 
they  are  put  on  with  the  lights,  load  the  circuit  above  660  watts, 
and  there  is  a  growing  feeling  among  the  people  who  operate  these 
things  that  the  rules  ought  to  be  so  modified  as  to  permit  the  use 
of  10-ampere  plugs  on  such  circuits. 

Mr.  Tousley:    The  1913  code  permits  that. 

Mr.  Gear:  I  understood  that  it  was  under  way.  Anything 
which  takes  more  than  10  amperes  ought  to  be  arranged  so  that 
it  cannot  be  used  on  the  standard  lighting  circuit.  It  ought  to  be 
provided  with  a  special  receptacle  and  a  special  circuit.  What  size 
of  fuse  did  you  have? 

Mr.  Huey:  When  complaint  was  made  to  the  Edison  com- 
pany about  this  machine  a  man  was  sent  down  to  examine  it. 
There  was  a  1/6  h.  p.  motor  on  it  and  when  the  man  came  down 
he  said,  "You  have  a  short  in  your  cord."  He  looked  the  cord 
over  carefully,  but  could  not  find  the  short.  He  started  out  with 
6-ampere  fuses,  but  they  blew  at  once,  so  he  put  on  10-ampere  fuses 
and  let  them  go  at  that. 
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Mr.  Gear:  If  there  is  any  defect  in  the  apparatus,  that  might 
account  for  it. 

Mr.  Huey:    There  wasn't  any. 

Mr.  Gear:  There  are  very  few  such  devices  which,  if  there 
are  any  other  Hghts  on  the  circuit,  will  not  kick  out  a  6-ampere 
fuse. 

Mr.  Huey:  I  was  under  the  impression  that  the  city  code  re- 
quired a  6-anipere  fuse  on  all  branch  circuits.     Is  not  that  right  ? 

Mr.  Touslcy:  It  is  half  right  and  half  wrong.  The  point  that 
the  gentleman  brings  out  has  been  under  discussion  for  four  or 
five  years.  Mr.  Glover  will  remember  a  meeting  at  the  Underwriters 
Laboratories.  I  think  the  problem  has  at  last  been  solved.  The 
new  rules  of  the  department,  which  will  be  issued  in  about  a  week, 
will  permit  branch  circuit  fuses  to  be  fused  at  10  amperes  and 
will  also  permit  heater  outfits  or  vacuum  cleaner  outfits  to  be  at- 
tached to  lighting  circuits.  There  is  quite  a  tendency  to  be  a  little 
more  liberal  to  the  companies,  or  at  least  to  the  consumers,  in  the 
use  of  heating  irons  and  such  things,  and  the  new  rules  will  allow 
10  ampere  fuses,  which  I  think  will  eliminate  the  trouble  unless 
all  the  lights  are  burning,  which  is  unusual,  and  I  think  this  will  be 
prohibited  in  the  rules.  The  rule,  as  I  recollect  it,  is  that  where 
the  heating  device  is  not  liable  to  be  used  at  the  same  time  the 
lights  are  used,  it  can  be  applied. 

Mr.  Postel:  I  would  ask  Mr.  Tousley  if  the  new  rules  will 
l)ermit  10-ampere  fuses  on  lighting  circuits  where  the  question  of 
heating  devices  is  not  involved. 

Mr.  Tousley:  The  10-ampere  fuse  can  be  used  anywhere. 
We  made  investigation  a  few  years  ago  and  found  that  out  of  a 
couple  of  thousand  fuses  we  looked  over  on  a  number  of  lighting 
circuits,  two-thirds  of  them  were  10-ampere  fuses. 

Mr.  Postel:  We  (the  Millers  Mutual  i'Mre  Insurance  Com- 
pany) also  have  considered  the  matter  of  raising  the  limit  to  10- 
ampere  fuses  and  I  believe  in  our  case  the  allowance  has  already 
been  anticipated.  But  it  has  always  occurred  to  me  that  raising 
the  limit  to  10  amperes  is  merely  putting  off  the  day  when  the 
request  will  be  made  to  raise  it  to  15  or  higher. 

5".  /.  IVendt,  ASSOC,  a.  i.  e.  e.  :  I  woulil  like  to  know  if  any 
attempt  has  ever  been  made  in  this  country  to  arrange  a  fuse  and 
receptacle  so  that  only  a  certain  sized  fuse  can  be  installeil. 

Mr.  Glover:  I  think  that  the  present  electrical  code  since 
1*)05,  at  which  date  the  specifications  were  adopted  for  what  are  now 
known  as  National  Electrical  Code  standard  fuses,  to  a  certain  extent 
limited  the  size  of  fuse  that  can  be  put  in  any  cut-out  base.  While 
the  1913  code  recommends  10-ampcre  fuses  as  acceptable  on  branch 
lighting  circuits,  the  cut-out  base  in  which  that  10-ampere  fuse 
is  held  will  [)crniit  anv  size  of  fuse  up  to  30  amperes,  the  classi- 
fications being  0  to  3().  31  to  60.  61  to  HX).  then  to  200,  then  to 
400,  then  to  600.     There  has  been  a  gO(^d  deal  of  agitation  and 
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considerable  demand  made  for  a  further  subdivision  in  the  0  to 
30  class,  and  it  may  be  that  this  will  be  the  solnfinn  ^f  fk-  a 

problem  of  overloading  of  branch  liJhtinc  circS  A/?  *^^',7^^^^ 
have  been  made  to  prSduce  a  fuse  fS  ZuS  have  ^Ta^h^^r 
ingr  the  current  to  6  amperes  or  10  amoeres      Th.f  ?        f         ■^' 

F.  A.  IVatkins,  aff.  w.  s.  e.  :    I  would  p<:t  Mr  r^r.        -t  .u 
•s  any  attempt  to  aid  the  manufacturer  lo  require  I    ilt'/,t 
on  approval.    Is  there  any  temporary  approval  FTuppose  vou  have 

wiihr  °'  'PS''"""  "'?" "^  ^  '™"=™'  '"  "  'l«t  is  ap'^'^to  deterioral? 
v.th   ,me  and  you  are  fa.rly  coniident  that  the  apparatus  is  all   th' 

lenteHf  ■"""■' u-'""u'-'™''  "P'  ^^'"'  '^e  manufacturer  be  fre-' 
whhheld?         ""'"^  "■'   ""   "'^  "^^"^^  ''y   "'-   approval   be'ing 

that1Scu?s'''trme^",ftv"'  ^  "'°"W.5='y  no-  The  best  illustration 
cab  es  The  r^H.  ,  ?  ™°'"™'  ■"  "'^'  °'  varnished  cambric 
S    est  of  matS„l  of  ;!"/", "°  \P«'''<^ation   for  the  construction 

witfa  ^L:^^^l^^  }^Z.  material  mlv  ^e  ""^d"^' 

Xain^ed'^TbT'"  '"^^''  ^  ^^"^^  of  lis  ^JftiS  in  Terv  c^'o  be 
?  h?  u  i  T^t"'  P""  "  "P  'o  the  inspectors  to  get  the  information 
man'i^f  ' ,'  L^"?""'"--/  ""W  not  undertake  to  dl  Meanwl  He  he 
own  rlcorT'  "  ""'  '"'"'"'^  "'"'  '"^  '"^^  ^""''^  ^'-^^  "PO"  .hei? 

,1,,,  '^''■'f"«y-  There  is  one  more  question  I  would  like  to  ask  • 
tV'  ''!,%"y  improvement  been  made  on  refil  inrfuses  ?  i 
have  m  mmd,  for  mstance,  a  companv  which  uses  a  lar/e  m,mb.; 
t°o  re'„°?b'"f  'V'^'9  ■'  ""'  b^  ^'™ost  an  i^possMif  I  Znk 
L^  Pr  r,"  "™''^'?  ^"'^^  on  ^and  all  the  time  unless  t'hev  refill 
Zut       "'  ''"""""^  "  '°"''  ^'^"''^^d  ^^fil'able  f    e  hS  bee" 


put  out. 


ca,.£a/Xdr'efif,:^^^^^^^^^^^ 
^tt^orXi  -anTfS  hfveXe^^^ 

;f^^Tq=ti:n-;stV-^^ 
=trry:o7Sbiet:-r^^^^^^^ 

f^^   /7I  ?         '^.^  ^°^^  h^^  b^en  referred  to  a  special  commit- 

ar  as"l  kn''  'vT'""'  '^"^  '^'  "^^"^^  ""^^^  consideration    and    o 
tar  as  I  know  it  has  not  yet  made  a  report. 

Mr.  Postel:    As  I  understand  it,  in  the  meantime,  until  some 
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action  is  taken,  the  Code  stands  in  the  form  that  refilled  fuses  are 
not  permitted. 

Mr.  Glover:    That  is  correct. 

/.  C.  Hail,  ASSOC,  a.  i.  e.  e.  :  I  have  always  been  perplexed  by 
the  interpretation  of  the  ruling  that  there  shall  be  660  watts  on  a 
branch  circuit.  When  we  used  to  wire  carbon  lamps  we  would  have, 
say,  14  sockets  on  a  circuit.  The  inspector  would  come  around  and 
say,  "Well,  you  will  have  to  reduce  that.  There  will  have  to  be  12 
sockets  on  that  circuit.  Twelve  times  55  watts  makes  660  watts. 
Take  two  off  and  reduce  the  circuit."  Now  we  have  the  Tungsten 
lamps,  25  watts.  Why  can't  we  put  20  lights  on  the  circuit?  Why 
should  not  the  city  inspector  let  us  put  20  or  more  sockets  on  the  cir- 
cuit as  long  as  we  do  not  exceed  660  watts,  using  Tungsten  lights? 

Mr.  Tousley:  The  new  rules  I  spoke  of  will  permit  16  lights 
on  the  circuit,  with  the  idea  that  40  watt  Tungsten  lamps  are  being 
used.  It  is  assumed  that  every  socket  contains  a  40-watt  Tungsten 
lamp.  It  may  not  contain  that  but  it  may  contain  it.  That  has 
become  the  standard  practice  throughout  the  United  States. 

Mr.  Postel:  In  the  past  it  has  always  been  considered  that  each 
socket  represented  a  certain  amount  of  trouble,  or  potential  trouble, 
and  that  originally  the  number  was  arbitrarily  fixed  at  12 ;  so  that 
no  matter  how  small  the  wattage  of  each  lamp  was,  one  was  not  per- 
mitted to  exceed  a  certain  amount  of  potential  trouble,  as  it  were, 
on  any  one  pair  of  fuses.  It  is  perhaps  a  compliment  to  the  manu- 
facturers of  sockets  if  we  increase  the  amount  of  potential  trouble 
from  12  to  16. 

C.  W.  Naylor,  m.  w.  s.  e.  :  I  would  ask  Mr.  Tousley  what  can 
induce  the  city  inspection  department  to  discontinue  issuing  certifi- 
cates for  wiring  only  and  get  after  the  fixture  hangers !  I  think  it 
is  foolish  to  have  an  up-to-date,  safe, — that  is,  safe  so  far  as  we 
know  now, — electrical  installation  until  you  get  to  the  ceiling  outlet 
or  the  wall  outlet  and  then  let  all  kinds  of  men  put  all  kinds  of  fix- 
tures on  the  wires  in  any  way  they  see  fit.  It  is  done  every  day.  I 
have  instances  of  it  every  week.  I  mean  small  lighting  jobs,  much 
of  it  in  offices  and  stores. 

Mr.  Tousley:  There  is  no  point  at  which  an  office  job  is  com- 
pleted in  the  large  job  and  a  great  many  small  jobs.  If  there  was 
a  certain  point  where  we  could  say  that  a  certain  job  has  been  com- 
pleted, we  could  issue  certificates  and  say  that  at  that  point  the  job 
would  be  cleared,  but  there  is  not.  An  office  building  is  wired  and 
before  the  building  is  half  finished  half  the  floors  are  rented  and 
occupied.  I  have  in  mind  buildings  in  the  city  of  Chicago  that  have 
gone  four,  five,  and  six  years  with  only  half  the  fixtures  put  on 
the  outlets.  In  small  apartment  and  store  buildings  the  apartments 
have  the  fixtures  put  up,  but  the  stores  may  never  have  the  fixtures 
put  up,  as  gas  may  be  used.  .So  these  are  the  reasons  why  certificates 
caimot  be  issued.  We  take  care  of  this  matter  the  best  way  we  can 
by  issuing  to  the  contractor  a  wiring-only  certificate  and  follow  the 
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rest  of  the  work  up  on  the  applications  from  fixture  contractors. 
It  is  a  troublesome  problem  with  us;  we  have  studied  it  from  all 
angles  and  have  never  really  obtained  a  satisfactory  solution,  in 
view  of  that  fact. 

The  point  brought  up  by  Mr.  Gear  recalls  to  me  the  real  meat 
of  the  nut.  It  is  the  final  results  that  count  in  anything.  Mr.  Gear 
spoke  of  locating  the  grounds  on  the  brass  armored  conduit  away 
back  in  1893  or  1894.  He  also  spoke  of  the  great  numbers  of 
crossed-wire  fires  that  never  occurred.  Our  records  show  that  in 
1894  there  were  less  than  500,000  electric  lights  in  use  in  the 
city  of  Chicago.  I  might  state  that  our  department  investigates  all 
fires  to  determine  whether  they  are  from  electric  causes  or  not.  In 
the  year  1894,  if  I  remember  correctly,  there  were  some  71  electric 
fires.  In  the  year  1913  there  were  close  to  4,500,000  incandescent 
lights  in  the  city  of  Chicago.  In  other  words,  the  incandescent  lights 
increased  by  practically  14007o.  In  the  same  year  there  were  80 
electric  fires.  Electric  fires  have  increased  but  10%.  That  is  the 
final  story  on  inspections  and,  of  course,  development  in  electric 
wiring, — the  fact  that  the  use  of  current  has  increased  practically 
1400%  and  electric  fires  have  increased  practically  10%.  Our 
records  go  back  to  1893  or  1894  and  our  curves  of  electric  fires  are 
practically  a  straight  line,  while  the  use  of  apparatus  increases  very 
rapidly  of  late  years.  I  think  that  tells  the  story  of  inspections 
from  the  standpoint  of  Underwriters,  lighting  companies,  and  of 
the  municipality. 

Mr.  Postel:  Mr.  Tousley  mentioned  the  case  of  a  fatal  injury 
to  a  man,  from  the  use  of  a  vibrator  on  110  volt  service.  A  fatal 
accident  from  110  volts  is  unusual,  unless  it  is  a  burn,  pure  and  sim- 
ple. Was  the  man  burned,  or  was  the  injury  from  some  other  cause? 

Mr.  Tousley:  The  man,  from  the  best  evidence  we  could  get, 
was  taking  a  bath  and  had  a  vibrator  with  a  wooden  handle.  The 
vibrator  was  very  well  made  and  at  the  end  of  the  wooden  handle 
was  a  small  collar  of  metal,  on  which  was  a  switch  which  operated 
the  vibrator.  His  hands  were  wet  and  I  think  he  was  sitting  in  the 
bath  tub,  and  in  turning  on  this  vibrator  he  reached  the  thumb  of 
his  hand  to  this  small  collar.  The  wire  on  the  inside  had  shorted 
to  the  frame  of  the  vibrator  and  he  received  the  current  through 
the  thumb  of  his  hand  and  through  his  body  in  the  bath  tub.  In 
doing  that  it  caused  a  spasmodic  contraction  of  the  muscles  and 
drew  the  vibrator  right  down  over  his  left  chest,  and  that  is  the 
position  the  vibrator  kept  for  some  fifteen  or  twenty  minutes  before 
they  found  him.  His  death  was  due  entirely,  according  to  the  coro- 
ner's inquest  report  and  post  mortem  examination,  to  electrical 
causes. 

The  other  accident  was  almost  identical  with  this  one.  except 
that  the  vibrator  had  a  metal  handle.  We  have  had  three  of  these 
accidents  and  they  have  all  been  due,  according  to  the  coroner's 
post  mortems,  directly  to  electrical  causes.    In  this  last  case  the  man 
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was  in  perfect  health,  had  no  heart  trouble,  no  organic  trouble,  and 
the  burn  could  not  have  caused  the  death  because  there  was  only  a 
slight  burn  on  his  thumb  and  this  burn  on  his  chest.  It  was  ap- 
parently caused  by  the  very  good  contact  and  the  length  of  time  the 
contact  was  kept  on. 

Mr.  Gear:  I  would  say,  in  regard  to  this  that  the  Common- 
wealth Edison  Company  have  had  a  committee  working  on  that  gen- 
eral proposition  with  a  view  to  seeing  whether  general  conditions  of 
safety  in  bath  rooms  could  be  improved,  and  have  also  been  dis- 
cussing with  some  of  the  leading  manufacturers  of  vibrators  the 
advisability  of  putting  warning  cards  in  the  package  when  goods  are 
sold,  calling  the  customer's  attention  to  the  fact  that  any  apparatus 
of  this  sort  used  in  a  bath  room  may  be  a  source  of  danger.  Some- 
thing in  the  way  of  publicity  is  needed  along  that  line,  so  the  gen- 
eral public  will  understand  that  any  electrical  device  used  in  a  place 
where  there  is  dampness,  or  where  the  hands  are  moist,  may  become 
a  serious  danger. 

Prof.  P.  B.  JVoodzi'orth,  m.  w.  s.  e.  :  We  all  appreciate  the 
care  which  is  now  being  taken  in  protecting  the  public  against  elec- 
trical hazards.  Sometimes  the  electrical  fraternity  are  accused,  in 
cases  of  accident,  when  the  real  cause  of  the  difficulty  is  absolutely 
beyond  the  control  of  the  installer  of  electrical  apparatus.  Two 
cases  where  defective  wiring  was  indicated  as  a  cause  of  accident 
have,  on  analysis,  been  discovered  to  be  from  other  causes.  In  one 
case  a  man  received  an  injury,  from  which  he  died,  and  where  the 
victim  made  the  statement  before  death  that  he  had  received  an 
electrical  shock.  On  investigation,  the  electrical  fixture,  which  was 
located  on  a  high  ceiling,  was  very  carefully  examined,  and  it  was 
impossible  to  discover  any  defect  in  the  wiring.  In  fact  it  was  sub- 
stantially impossible  for  anyone  to  intentionally  receive  a  shock 
from  the  fixture  in  question.  The  victim  had  been  cleaning  the  fix- 
ture, in  which  operation  he  was  using  a  tall  step-ladder,  and  at  the 
time  of  the  accident  he  was  wiping  the  dust  from  a  large  glass 
reflector  and  received  a  shock  when  his  hand  touched  the  metal 
work.  An  investigator,  duplicating  the  work  of  the  victim,  dis- 
covered that  he  could  generate  enough  electricity  which  was  stored 
in  his  own  body,  so  that  when  his  hand  came  near  the  metal  work, 
the  discharge  was  of  such  an  intensity  that  it  startled  the  investi- 
gator. It  was  believed  that  the  static  charge  generated  by  the  victim 
was,  in  reality,  the  cause  of  the  electrical  shock. 

In  the  second  case  a  decorator,  standing  on  a  dry  board 
mounted  on  horses,  was  scraping  a  wall.  When  he  touched  a  com- 
l)ination  gas  and  electric  fixture,  he  received  a  shock  resulting  in  a 
broken  leg.  Later  investigation  showed  that  the  electrical  current 
was  not  even  connected  to  the  house  at  the  time  of  the  accident. 

It  has  been  suggested  that  as  a  protection  from  this  personal 
hazard,  people  be  rc(|uircd  to  wear  underwear  made  up  in  part  of 
tinsel  or  other  conducting  threads  to  act  as  an  electrical  screen  for 
the  human  bodv. 
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THIRD  AVENUE  REINFORCED  CONCRETE 
BRIDGE 

At  Cedar  Rapids,  Iowa 

Barton  J.  Sweatt,  Assoc.  W.S.E. 
Presented  April  /?,  ipi^ 

It  is  not  the  intention  of  the  writer  to  treat  the  subject  of 
the  evening  from  an  engineering  standpoint;  but  to  endeavor  to 
give,  in  a  practical  manner,  a  description  of  the  structure  and  a 
description  of  construction  methods  and  appliances. 

As  the  name  implies,  the  Third  Avenue  Bridge  is  located  on 
Third  Avenue  in  the  city  of  Cedar  Rapids,  Iowa,  and  is  a  con- 
tinuation of  this  Avenue  over  the  Cedar  River,  connecting  the 
east  and  west  sides  of  the  city.  The  Cedar  River  at  the  point  of 
crossing  of  Third  Avenue,  also  of  Second  and  Fourth  Avenues, 
is  divided  into  two  channels  of  approximately  equal  width.  The 
island  lying  between  these  channels  is  the  property  of  the  city, 
having  been  acquired  through  the  purchase  of  the  rights  of 
individuals. 

Very  few  cities  have  been  favored  with  as  suitable  a  site  for 
municipal  buildings,  parks,  etc.,  as  the  city  of  Cedar  Rapids.  The 
value  of  the  property  acquired  for  this  purpose  cannot  be  prop- 
erly estimated  by  those  living  at  the  present  time ;  but  the  wis- 
dom of  the  authorities  who  were  instrumental  in  the  purchase  of 
the  site  will  be  appreciated  more  and  more  as  the  city  develops 
and  the  site  is  improved. 

The  structure  which  the  present  bridge  replaces  consisted 
of  six  bowstring  truss  spans  on  masonry  piers  and  abutments, 
three  for  each  channel,  each  span  being  117  ft.  7  in.  center  to  cen- 
ter of  pins,  with  a  clear  width  of  18  ft.  0  in.  for  the  roadway,  and 
sidewalks  5  ft.  0  in.  in  width  on  the  outside  of  the  trusses.  This 
bridge  was  erected  in  1872  by  the  Wrought  Iron  Bridge  Co.,  of 
Canton,  Ohio,  and  was  considered  by  the  engineers  to  be  worthy 
of  re-erection  at  Eighth  Avenue,  five  of  the  six  spans  being  used 
for  that  structure. 

The  new  structure,  which  is  in  reality  two  separate  and  prac- 
tically identical  structures,  was  designed  by  Hedrick  &  Cochrane, 
Consulting  Engineers,  of  Kansas  City,  Missouri,  under  the  di- 
rection of  Percy  P.  Smith,  who  was  at  that  time  the  Commis- 
sioner of  Public  Improvements  of  Cedar  Rapids.  The  construc- 
tion was  superintended,  for  the  city,  by  Thomas  F.  McCauley, 
the  city  engineer.  The  removal  of  the  old  structure  and  the  re- 
erection  of  the  five  spans  at  Eighth  Avenue  was  in  charge  of 
T.  C.  Basset,  Asst.  Engineer,  and  the  work  was  inspected  by 
Benjamin  Parks,  who  also  represented  the  Wrought  Iron  Bridge 
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Co.  at  the  time  the  old  structure  was  purchased  from  that  firm 
by  the  city  in  1872. 

The  city  is  under  the  Commission  Plan  of  Government,  and 
the  construction  and  maintenance  of  bridges  is  in  charge  of  the 
Commissioner  of  Public  Improvements.  Percy  P.  Smith  was  the 
Commissioner  for  the  season  of  1911-1912,  and  Louis  J.  Zika  for 
the  season  of  1912-1913.  The  former  is  a  civil  engineer,  the  lat- 
ter a  contractor  and  builder,  and  both  were  fair-minded,  prac- 
tical men,  as  was  also  Mr.  McCauley,  the  engineer.  Fair  treat- 
ment by  those  in  authority  was  accorded  the  writer  at  all  times. 


Fig.  1.     Bridge  Over  East  Channel,  Complete  Except  Lamp  and  Trolley 

Poles. 

The  following  are  the  general  dimensions  of  the  new  struc- 
ture: 

Total  length  of  each  bridge,  face  to  face  of  abutments.  .308  ft. 

Clear  span  length  on  line  of  springing 96  ft. 

Rise  of  crown  above  line  of  springing 11  ft. 

Average  height  of  springing  line  above  low  water.  . .  7  ft. 

Width  of  arch  ring 64  ft. 

Width  of  roadway  between  curbs 48  ft. 

Clear  width  of  each  sidewalk 10  ft. 

Total  width  of  each  sidewalk 1 1  ft. 

Extreme  width  over  arches 71  ft. 

Extreme  width  over  piers 81  ft. 

Thickness  of  arch  ring  at  crown 1  ft. 

Thickness  of  arch  ring  at  haunches 5  ft. 


0 

0 

0 

1 

0 

0 

0 
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In  general  design,  the  new  structure  differs  from  nearly. all 
bridges  of  this  size  that  have  been  constructed  in  Iowa,  in  that 
the  sidewalks  overhang  the  spandrel  walls  by  3  ft.  11  in.,  thus 
increasing  the  eft'ective  width  of  the  structure  without  materially 
increasing  the  cost.  The  sidewalks  are  supported  on  the  spandrel 
walls,  instead  of  being  laid  upon  a  sand  fill,  thus  providing  space 
for  gas  and  water  mains,  telephone  and  electric  light  cables.  The 
overhanging  portion  of  the  sidewalks  were  designed  as  canti- 
levers, the  brackets  shown  being  for  ornamentation  only ;  but  as 
actually  constructed,  the  brackets  serve  as  supports.  Another 
special  feature  is  the  concrete  lamp  and  trolley  poles. 

The  structure  was  designed  to  carry  the  heaviest  type  of 
street  cars  and  a  double  track  line  crosses  the  bridge  at  the  pres- 


Fig.  2.     Showing  Pouring  of  Pier  2  and  Excavating  of  Pier  1. 


ent  time,  the  first  car  having  crossed  the  bridge  on  December  10, 
1913. 

All  foundations,  except  the  wing  walls  for  the  two  main 
shore  abutments,  were  carried  to  solid  rock.  The  wing  walls 
rest  upon  piles  driven  to  solid  rock.  The  piers  are  of  solid  con- 
crete ;  but  the  abutments  are  of  the  compartment  type  below  a 
level  of  10  ft.  under  the  line  of  springing.  The  front  wall  of  the 
compartments  is  3  ft.  in  thickness,  the  back  walls  are  approxi- 
mately 7  ft.,  the  side  walls  4  ft.,  and  the  intermediate  walls  3  ft. 
3  in.  The  interior  walls  were  spaced  6  ft.  7^^  in.  apart.  The 
specifications  called  for  filling  the  compartments  with  gravel; 
but  very  hard  blue  clay  was  encountered  in  the  excavations,  per- 
mitting trenches  to  be  excavated  for  the  walls,  and  the  material 
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occupying-  the  space  between  the  walls  was  left  in  its  natural 
state. 

The  cofferdams  for  piers  and  abutments  were  constructed 
with  two  ribs  of  12  in.  by  12  in.  yellow  pine  or  fir  timbers  spaced 
about  5  ft.  apart,  with  cross  braces  about  every  12  ft.  The  sheet 
piling  used  was  3  in.  by  10  in.  T.  &  G.  yellow  pine,  and  this  was 
usually  driven  to  a  depth  of  approximately  6  ft.  below  low-water 
level.  As  a  rule,  blue  clay  was  encountered  at  a  depth  of  about 
3  ft.  below  the  water,  and  as  a  result  very  little  difficulty  was 
experienced  in  keeping  the  water  out,  in  fact  it  was  often  pos- 
sible to  keep  the  water  down  with  a  diaphragm  pump  having-  a 
3  in.  suction,  while  the  centrifugal  pump  was  being  lowered.  The 
principal  difficulty  experienced  was  in  making  the  excavations, 
due  to  the  exceedingly  tough  character  of  the  clay  strata,  which 
usually  extended  to  within  a  foot  or  so  of  the  solid  rock. 


Fig.   3.     Showing   West    Clianncl — Spouting   ut    Concrete    to    I'ier   4. 


The  proportion  of  the  materials  used  in  mixing  the  concrete 
for  the  various  parts  of  the  structure  was  as  follows : 

Piers,  below  a  level  of  5  ft.  0  in,  below  spring  line,  and  abut- 
ments, below  a  level  5  ft.  6  in.  below  spring  line,  7  ft.  back  from 
the  face  at  the  bottom,  and  11  ft.  on  the  top,  to  be  of  1  part 
cement,  3  parts  sand,  and  6  parts  crushed  stone  (3  in.  crusher 
run). 

Arch  ring  and  piers  and  abutments  above  the  levels  indicated 
above,  1  part  cement,  2  of  sand,  and  4  of  crushed  stone  (l^S  in. 
crusher  run  with  the  dust  screened  out). 

Spandrel  walls  and  wings  to  abutments,  1  i)art  cement,  3  of 
sand,  and  5  of  crushed  stone  (1  in.  crusher  run). 

.Sidewalks,  hand  rails,  lamp  i)osts  and  sidewalk  brackets,  1 
part  cement  to  3  of  sand  and  gravel. 

The  steel  used  for  reinforcement  was  furnished  by  tiie  Cor- 
rug-ated  Bar  Co.,  plain  rounds  being  furnished  for  the  arch  bars 
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and  the  deformed  type  for  all  other  purposes.  The  specifications 
required  medium  open  hearth  steel,  having  an  ultimate  strength 
of  from  60,000  to  68,000  lb.  per  sq.  in.,  an  elastic  limit  not  less 
than  one-half  of  the  ultimate  strength,  an  elongation  of  not  less 
than  22%  in  8  in.,  and  to  bend  cold  180°  to  a  diameter  equal  to 
the  thickness  of  the  piece.  Practically  all  of  the  steel  was  cut 
to  length  at  the  mill,  but  all  the  bending  was  done  at  the  work. 
The  arch  bars  were  provided  with  turn  buckles,  for  use  in  making 
adjustments,  if  necessary. 

It  was  found  in  practice  that  the  turnbuckles  were  of  no 
particular  advantage,  except  as  a  means  of  connecting  the  two 
sections  of  the  arch  bars,  as  the  bars  did  not  need  adjusting  until 
the  concrete  had  reached  a  point  near  the  center  of  the  arch,  and 
then  the  turnbuckles  were  covered  with  the  concrete.     The  ad- 


Fig.  4.     West  Channel  Showing  Falsework  Completed  for  the  Two  West 
Spans,  Steel  in  Place  and  Spouting  Ready  to  Pour  Arches. 


justment  could  not  be  made  without  delaying  the  completion 
of  the  work  and  the  adjustment  needed  was  too  slight  to  war- 
rant this. 

The  top  surface  of  the  arches  were  waterproofed  by  coat- 
ing with  a  semi-liquid  mortar  composed  of  1  part  cement,  ^ 
part  thoroughly  slacked  lime,  and  2  parts  sand.  After  this  coat- 
ing had  thoroughly  dried,  another  coating  ^4  in-  in  thickness  of 
neat  Portland  cement  mortar  was  applied.  The  surface  of  the 
arches,  between  curb  lines,  for  a  distance  of  15  ft.  from  the  faces 
of  all  piers  and  abutments,  was  covered  with  two  coats  of  liquid 
asphaltum,  applied  hot. 
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The  electric  lighting  system  for  the  bridge  was  a  part  of  the 
general  contract,  and  this  work  was  installed  by  C.  E.  Fawcett, 
of  Cedar  Rapids,  under  the  supervision  of  S.  J.  Conrad,  the  city 
electrician.  The  wires  for  the  system  were  carried  on  brackets 
set  in  the  spandrel  walls,  under  the  sidewalks,  and  through  fiber 
conduits  were  embedded  in  concrete  from  the  island  end  of  the 
structure  to  the  basement  of  the  City  Hall,  where  they  were  con- 
nected with  a  switchboard.  The  system  of  lighting  consists  of 
16  combined  lamp  and  trolley  poles,  placed  on  either  side  of  the 
structure  at  each  pier  and  each  abutment.  On  each  pole  there 
is  a  cluster  of  four  lights  on  brackets  at  a  height  of  10  ft.  0  in. 
above  the  sidewalk,  and  a  single  light  on  the  top  of  the  pole. 

The  falsework  for  supporting  the  arches  consisted  of  pile 
bents,  the  first  bent  being  6  ft.  6  in.  from  the  face  of  piers  and 
abutments,  the  second  bent  12  ft.  6  in.  from  the  first,  and  the 
intermediate  bents  were   14  ft.  6  in.  centers.     Oak  piles  were 


Fig.  5.     West  Channel,  Showing  Falsework  Completed  Except  Removing 

of  Track. 


!• 


used  and  as  a  rule  were  driven  to  bed  rock,  the  spacing  was 
6  ft.  0  in.  for  the  three  outside  piles  and  8  ft.  0  in.  for  the  inter- 
mediate. The  caps  used  were  12  in.  by  12  in.  yellow  pine, 
false  caps  6  in.  by  10  in.,  joists  4  in.  by  14  in.,  spaced  24  in.  on 
centers  and  the  lagging  was  2  in.  by  8  in.  The  proper  curve 
for  the  intrados  was  obtained  by  the  use  of  2  in.  strips  cut  to 
the  proper  curve  and  tacked  to  the  regular  joists.  Oak  wedges 
were  used  between  the  main  and  false  caps.  These  wedges  were 
placed  in  pairs  and  spaced  about  4  ft.  apart.  Small  wedges  were 
used  under  the  ends  of  the  joists  to  bring  them  to  the  proper  height. 
In  constructing  the  centering,  an  allowance  of  1^  in.  was 
made  for  camber  and  3^  in.  for  settlement  after  the  centering 
was  removed.  The  actual  settlement  of  the  crown  after  remov- 
ing the  centering  was  }i  in. 
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The  forms  for  abutments,  piers,  spandrel  walls,  etc.,  were 
constructed  of  2  in.  by  6  in.  studs  and  1  in.  yellow  pine  sheeting. 

The  location  of  the  structure  was  ideal  for  construction 
purposes.  The  Iowa  Railway  &  Light  Company's  Iowa  City 
line  crossing  the  Island  at  Fourth  Avenue  permitted  the  con- 
struction of  a  material  track  from  this  line  to  connect  with  a 
work  track,  which  was  constructed  approximately  on  the  center 
line  of  the  new  structure,  and  was  made  use  of  for  removing  the 
old  structure,  for  handling  a  large  portion  of  the  excavation,  for 
handling  falsework  material,  driving  piles,  and  many  other  pur- 
poses. 

The  equipment  used  in  the  construction  of  the  bridge  in- 
cluded the  following: 

1 — 15  ton  McMyler-Interstate  four  wheel  type  locomotive 
crane. 

1 — 20  h.  p.  American  hoisting  engine  with  boom   swinger. 


Fig.  6.     \  itw   i.uuking  East,  Showing  Arch   Kcim 


aing,  Etc. 


1 — 16  h.  p,  American  hoisting  engine. 

1 — 22  h.   p.   Avery   undcrmountcd   traction  engine. 

1 — ^  cu.  yd.   Ransomc  mixer. 

1 — y^  cu.  yd.  Smith  mixer. 

1 — 40  h.  p.  Wcstinghouse  electric  motor. 

1 — 20  h.  p.  Allis-Chalmers  electric  motor. 

1 — 8  in.  Fairbanks,  Morse  &  Co.  vertical  centrifugal  punip. 

1 — 6  in.  vertical  centrifugal  pump. 

1 — small  single-acting  steam  pump. 

2 — stiff  leg  derricks. 

1 — barge  derrick. 

1 — 1  yd.  McMylcr  clam-shell  bucket. 

1 — 2800  lb.  drop  pile  driver  hammer. 

1 — 2fXX)  lb.  drop  pile  driver  hammer. 

1 — 1000  lb.  drop  pile  driver  hammer  for  sheet  piling. 
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The  bulk  of  the  concrete  was  mixed  at  a  central  plant  and 
distributed  through  spouts  suspended  from  a  1  in.  plough  steel 
wire  cable.  The  mixing  plant,  which  was  located  on  the  Island, 
consisted  of: 

A  cement  shed  20  ft.  by  56  ft.  having  a  capacity  of  about  12 
cars. 

A  60  cu.  yd.  bin  for  crushed  stone. 

A  40  cu,  yd.  bin  for  sand. 

A  tower  135  ft.  in  height. 

A  54  cu.  ft.  receiving  hopper. 

A  30  cu.  ft.  hoisting  bucket. 

Also  the  ^  yd.  mixer  above  referred  to. 
.    The   plant   was   operated   by   the  22   h.   p.   traction   engine. 


Fig.  7.     View  Looking  West,  Showing  Arches  Poured  and  Pouring  of 

Spandrel  Walls. 

which  was  fitted  with  a  hoisting  drum  for  elevating  the  bucket. 
The  mixing  room  was  placed  just  back  of  the  excavation 
for  the  West  Island  abutment  and  at  the  end  of  the  cement  shed. 
The  stone  and  sand  bins  were  directly  over  the  mixing  room, 
and  these  materials  were  delivered  by  gravity  to  the  measuring 
hopper  through  undercut  bin  gates.  The  cement  was  also  con- 
veyed by  gravity  from  the  cement  shed  to  the  hopper  through 
a  metal  spout.  Practically  the  only  trouble  experienced  with 
the  mixing  plant  was  on  account  of  this  metal  spout  becoming 
damp  and  causing  a  stoppage  of  the  cement.  This  was  due  to 
the  fact  that  the  spout  passed  through  the  sand  bin.  The  sand 
and  a  considerable  portion  of  the  crushed  stone  was  obtained 
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locally,  and  was  delivered  by  wagons  and  dumped  directly  into 
the  bins  through  traps  in  the  platform  above  the  bins.  Approx- 
imately 6,000  cu.  yd.  of  crushed  stone  was  obtained  from  Dolese 
Brother  Co.  at  Buffalo,  Iowa.  About  one-half  of  this  stone  was 
unloaded  from  the  cars  with  shovelers  and  wagons,  the  cars 
containing  the  stone  being  switched  to  the  Island  for  unloading. 
The  remainder  of  the  stone  was  unloaded  directly  into  the  stor- 
age bin  from  the  cars,  with  a  1  yd.  clam  shell  bucket,  which  was 
operated  by  the  locomotive  crane. 


Fig.  8.     East  Channel,  Showing  Pouring  ui  La.-^i  Section  of  Span  2,  Half 
of  Span  1,  and  All  of  Span  3  Completed. 


The  spouting  system  was  used  for  delivering  the  concrete 
from  the  mixing  plant  to  the  various  parts  of  the  work.  The 
system  used  is  known  as  the  Mingo,  and  was  furnished  and 
installed  by  Mingo  &  Sutherland,  of  Cedar  Rapids.  The  spout- 
ing furnished  were  nearly  circular  in  section,  there  being  only 
a  2  in.  opening  in  the  top.  These  spouts  as  furnished  did  not 
work  in  a  satisfactory  manner,  and  it  was  found  necessary  to 
take  them  down  and  widen  them  so  as  to  give  a  width  of  7  in. 
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on  top.  They  worked  fairly  well  after  being  reinstalled,  but 
they  always  gave  considerable  trouble  from  stoppages.  The 
system  of  chain  blocks  used  for  supporting  the  spouting  from 
the  main  cable  was  very  satisfactory  after  having  been  over- 
hauled; but  this,  too,  could  be  greatly  improved.  Figure  6 
gives  a  good  idea  of  the  general  arrangement  of  the  tower  and 
spouting,  and  Fig.  8  shows  more  in  detail  the  construction  of 
the  spouts  and  the  method  of  supporting  them. 

It  is  the  opinion  of  the  writer  that  the  spouting  system  of 
distributing  concrete,  when  properly  designed  and  constructed, 
is  ideal  for  distances  not  to  exceed  300  ft.  from  the  central  plant. 
There  is  no  doubt  but  what  the  concrete  placed  by  this  system 
is  much  superior  to  that  placed  with  the  cart  or  car  system, 
for  the  reason  that  the  materials  must  be  properly  mixed  in  order 
that  the  concrete  may  flow  freely  in  the  spouts,  and  there  is 
no  separation  of  the  materials.  By  providing  short  vertical 
drops  in  the  spouting,  the  materials  become  more  thoroughly 
mixed  as  they  move  forward ;  and  by  the  time  the  concrete 
reaches  its  destination  the  mixture  is  as  nearly  perfect  as  it  is 
possible  to  get  it  in  practice.  In  the  opinion  of  the  writer,  two 
mixers  should  be  used  in  gravity  plants,  so  as  to  permit  of  a 
more  thorough  mixing  and  at  the  same  time  give  an  output  suf- 
ficient to  keep  a  constant  flow  of  concrete  through  the  spouts. 

The  average  crew  for  the  central  plant,  when  working  full 
capacity,  consisted  of  the  following: 

1  foreman. 

1  engineer  for  hoisting  concrete. 

1   engineer  for  unloading  stone  with  crane. 

1  fireman. 

4  men  in  mixing  room. 

3  men  handling  stone  and  sand. 

2  men  handling  cement. 
1  man  in  tower. 

4  men  distributing  concrete. 

With  two  exceptions,  the  arch  rings  of  each  arch  were 
poured  in  four  longitudinal  sections,  each  section  containing 
from  140  to  180  cu.  yd.,  or  an  average  of  150  cu.  yd.  The  east 
arch  of  the  west  portion  of  the  structure  was  poured  in  three 
sections  of  200  cu.  yd.,  and  the  east  arch  of  the  east  portion  in 
six  sections.  This  arch  was  poured  with  the  No.  11  Smith 
mixer  placed  on  the  east  shore,  but  the  arch  was  out  of  reach 
of  the  gravity  system  without  raising  the  tower  and  spouting. 
It  was  not  thought  advisable,  however,  to  raise  the  tower  and 
spouting. 

The  pouring  of  the  sections  was  a  continuous  operation  and 
the  average  time  required  was  about  nine  hours  actual  running. 
On  account  of  breakdowns,  three  of  the  sections  required  prac- 
tically twenty-four  hours  to  pour. 
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The  spandrel  walls,  sidewalks,  handrail,  pedestals,  etc.,  were 
poured,  partly  from  the  central  plant,  partly  with  the  No.  11 
mixer,  and  partly  by  hand,  depending  on  circumstances.  The 
spindles  for  the  handrails  were  made  during  the  winter,  the  dry 
process  being  used.  The  materials  for  handrails,  pedestal  caps, 
lamp  posts,  etc.,  were  mixed  by  hand. 

The  handrail,  posts,  caps,  lamp  posts,  and  in  fact  every 
part  of  the  structure  except  the  spindles  for  handrails  and  tops 
for  the  trolley  poles,  were  poured  in  place.  No  attempt  was 
made  to  give  a  trowel  finish  to  the  exposed  surfaces,  except  the 
top  surface  of  the  sidewalks,  handrails,  and  caps  to  pedestals. 
The  forms  for  all  the  ornamental  work  were  made  of  white  pine, 
and  they  were  painted  with  crude  oil  just  before  being  filled 
with  concrete.  In  addition  to  painting  the  forms,  it  was  often 
found  advisable  to  rub  them  with  hard  oil,  which  sealed  the 
cracks  and   prevented   any   ragged   appearance   of   the  corners. 

In  constructing  the  handrails,  the  pedestals  were  poured 
first,  then  the  pre-cast  spindles  were  set  up  in  place  and  the  hand- 
rail run ;  next  the  caps  to  the  pedestals  were  poured.  Provision 
was  made  for  expansion  and  contraction  in  the  handrails,  by 
placing  two  thicknesses  of  ^4  i"-  corrugated  paper  against  the 
ends  of  the  sections  of  handrail  and  covering  this  and  the  top 
of  that  portion  of  the  handrail  which  projected  into  the  cap, 
with  tar  paper.  It  is  the  opinion  of  the  writer  that  expansion 
joints  should  be  provided  in  the  handrail  directly  over  the  joints 
in  the  spandrel  wall. 

In  pouring  the  lamp  posts  and  trolley  poles,  provision  was 
made  for  expansion  and  contraction  by  wrapping  the  steel  trolley 
poles  with  one  thickness  of  corrugated  paper  and  two  thick- 
nesses of  tar  paper.  The  mixture  used  in  pouring  the  lamp 
posts  and  trolley  poles  was  of  such  consistency  as  to  permit 
it  to  be  dipped  and  poured  with  a  bucket.  As  the  concrete  was 
poured  into  the-  top  of  the  mould,  a  man  tapped  lightly  on  the 
sides  with  a  wooden  mallet  to  insure  all  parts  of  the  mould 
being  filled,  and  to  prevent,  as  much  as  possible,  air  pockets. 

The  construction  work  was  started  May  1,  1911.  and  during 
that  season  the  west  portion  of  the  bridge  was  completed,  with 
the  exception  of  sidewalks,  handrails  and  lamp  posts.  There 
was  also  completed  on  the  east  portion,  the  two  piers,  part  of 
the  Island  abutment,  removal  of  the  old  structure,  construction 
of  temporary  track,  and  jiractically  all  of  the  falsework  piles 
were  driven. 

On  March  31,  1912,  high  water  and  the  ])reaking  of  an  ice 
gorge  carried  away  practically  all  of  the  temporary  track  over 
the  East  Channel,  broke  otT  nearly  all  of  the  falsework  piles, 
and  filled  the  excavation  made  for  the  Island  abutment.  This 
damage  delayed  the  completion  of  the  work  at  least  four  months. 
The  structure  was  opened  for  traffic  December  14,  1*^12,  but  was 
not  fully  completed  until  about  May  1,  1913, 
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The  quantities  of  the  various  classes  of  concrete  required  to 
complete  the  structure  are  as  follows: 

1 — 3 — 6  concrete,  approximately 6590  cu.  yd. 

1 — 3 — 5  concrete,  approximately 960  cu.  yd. 

1 — 2 — 4  concrete,  approximately 5730  cu.  yd. 

1 — 3  concrete,  approximately 342  cu.  yd. 

Total,  not  including  handrails  and  lamp  posts  13,622  cu.  yd. 

The  cost  of  the  structure  to  the  city,  not  including  the  paving 
of  the  roadway,  was  approximately  $148,000,  or  $10.86  per  cu. 
yd.  of  concrete. 

Discussion. 

/.  W.  Miisham,  m.  w.  s.  e.  (Chairman)  :  The  paper  is  now  open 
for  discussion.  We  shall  be  glad  to  hear  from  anyone  who  is  in- 
terested in  the  subject. 

/.  F.  Stern,  m.  w.  s.  e.  :  I  would  ask  the  author  if  he  figured 
at  all  on  the  use  of  bulk  cement, — shipping  it  in  bulk. 

Mr.  Sweatt:    No,  I  did  not  figure  on  that. 

E.  N.  Layfield,  m.  w.  s.  e.  :  The  slope  of  the  spout  seems,  in 
most  of  the  illustrations,  to  be  very  flat.  Is  that  an  optical  illusion, 
or  why  was  not  the  top  set  up  higher? 

Mr.  Sweatt:  We  usually  figured  on  getting  the  slope  not  less 
than  2^  to  3  in.  to  the  foot.  I  think  it  was  not  less  than  2^/2  in. 
at  any  one  time.  We  were  in  a  hurry  and  did  not  have  time  to 
raise  it. 

H.  C.  Lothhola,  m.  w.  s.  e.  :  I  would  ask  the  author  if  he  has 
ever  used  hydrate  of  lime  for  spouting. 

Mr.  Sweatt:  I  have  never  used  hydrate  of  lime  for  that  pur- 
pose, but  I  think  it  would  be  a  good  thing  to  use. 

A  Member:  Did  the  contractor  make  a  satisfactory  profit  on 
this  job? 

Mr.  Sweatt:  There  was  a  satisfactory  profit,  considering  bad 
luck  on  account  of  washouts. 

Mr.  Stern:  Did  the  cost  of  $10.86  per  cu.  yd.  of  concrete  in- 
clude the  cost  of  the  reinforcing  steel? 

Mr.  Szveatt:  The  cost  of  $10.86  includes  everything  connected 
v/ith  the  bridge,  except  the  paving. 

JV.  S.  Lacker,  m.  w.  s.  e.  :  The  author  seems  to  be  greatly  in 
favor  of  spouting,  as  a  method  of  delivering  concrete.  I  can  readily 
see  how  a  contractor  would  be  in  favor  of  this  method,  but  the 
author  is  also  of  the  opinion  that  the  quality  of  the  concrete  is  im- 
proved thereby.  Almost  any  observing  reader  of  engineering  liter- 
ature today  probably  has  noticed  a  difiference  of  opinion  among 
engineers  as  to  the  efifect  of  spouting,  that  is,  the  effect  of  adding 
enough  water  to  the  concrete  in  mixing  so  that  it  will  flow  readily. 
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At  the  last  convention  of  the  American  Railway  Engineering  Asso- 
ciation the  suggestion  was  made  that  the  committee  on  masonry 
for  the  following  year  investigate  the  effect  of  making  concrete  so 
wet.  We  all  realize  that  there  was  a  complete  change,  ending  six 
or  seven  years  ago,  from  dry  to  wet  concrete.  Since  that  time  the 
introduction  of  this  new  method  of  handling  concrete  has  resulted 
in  using  it  much  wetter  than  has  seemed  to  be  necessary  for  the 
ready  placing  of  the  concrete  after  it  reaches  the  form ;  but  up  to 
the  present  time  there  have  been  unfortunately  no  adequate  tests  to 
indicate  whether  or  not  it  is  making  any  difference  in  the  strength 
of  the  concrete.  I  would  inquire  if  the  author  has  heard  anything 
concerning  this. 

Mr.  Sweatt:  Discussions  in  the  technical  journals  indicate  that 
some  people  doubt  the  advisability  of  wet  concrete,  and  I  believe 
it  is  not  wise  to  use  it  too  wet.  It  has  been  my  experience  that  in 
spouting  concrete,  if  it  is  mixed  too  wet  it  will  give  trouble.  Natur- 
ally, the  contractor  desires  to  get  a  mixture  of  the  proper  consist- 
ency so  that  it  will  flow  readily  in  the  spouts. 

Mr.  Lacher:  I  suppose  the  spout  is  handled  in  such  a  way  that 
it  is  inacessible  while  the  concrete  is  flowing,  and  the  only  way  to 
get  at  it  is  to  let  it  down. 

Mr  Siveatt:  The  only  way  to  get  at  the  spout  is  cither  to  let  it 
down  or  send  a  man  up  the  spout  to  clean  it  out. 

A  Member:    Are  those  spouts  open  spouts? 

Mr.  Sivcatt:    Yes,  they  are  open. 

Mr.  Stern:  I  was  impressed  by  the  author's  remarks,  in  effect 
that  spouting  necessitates  the  making  of  good  concrete  on  the 
part  of  the  contractor,  and  I  think  this  answers  Mr.  Lacher's  ques- 
tion. I  have  watched  a  good  deal  of  concrete  transported  some  dis- 
tance in  small  cars  during  the  past  season.  Upon  arriving  at  the 
proper  place  the  concrete  was  dumped  into  chutes  about  20  ft.  long. 
It  was  found  that  if  the  concrete  was  made  too  dry  trouble  was 
experienced  in  getting  it  out  of  the  cars  and  running  it  down  the 
chutes.  If  it  was  made  too  wet  still  more  trouble  was  experienced ; 
the  water  would  run  off  and  the  concrete  itself  would  stick  a  good 
deal  harder  to  the  metal  sides  of  the  cars  and  to  the  metal  sheeting 
on  the  chutes  than  if  it  was  too  dry.  This  necessitated  care  on  the 
part  of  the  contractor  to  sec  that  he  obaincd  a  mixure  of  the  proper 
consistency ;  in  other  words,  to  see  that  enough  water  was  put 
in  to  make  good  concrete.  When  he  secured  that  mixture  the  con- 
crete ran  off  the  cars  and  off  the  chutes  without  nuich  trouble ;  but  a 
good  deal  of  experimenting  had  to  be  done.  I  therefore  do  not  think 
the  contractor  would  be  likely,  in  such  a  case,  to  put  in  concrete  of 
too  wet  a  mixture. 

Mr.  Lacher:  In  that  case  would  the  right  .iniount  of  water  be 
the  right  amout  of  water  for  the  strongest  concrete,  or  the  right 
amount  of  water  to  make  it  flow  readilv? 
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Mr.  Stern:  Tlie  initial  appearance  of  the  concrete  that  had  to 
be  picked  off  the  car  and  that  then  had  to  l)e  shoveled  down  the 
chutes  was  much  poorer  tlian  the  concrete  that  flowed  easily.  This 
was  also  the  case  as  determined  from  an  inspection  after  the  forms 
Avere  removed.  As  we  cannot  hold  up  the  work  to  make  an  analysis 
of  the  strength  of  the  concrete,  and  as  the  concrete  is  not  properly 
set  until  we  are  beyond  that  point,  we  must  take  that  concrete  that 
looks  the  best. 

With  regard  to  density  from  spouting,  which  is,  I  suppose,  the 
point  that  Mr.  Lacher  makes  as  to  the  strongest  concrete,  if  we 
accept  Taylor  and  Thompson's  classification,  it  has  been  found  that 
the  densest  concrete  that  we  know  of,  and  probably  the  best,  was 
that  put  in  at  the  Detroit  tunnel,  where  it  was  spouted  with  the 
spout  under  water.  It  went  down  about  60  to  70  ft.  That  concrete, 
some  of  which  they  took  out  later  by  sending  a  diver  down,  was 
found  to  be  the  best,  probably,  of  any  that  has  been  recorded  in 
this  country  during  the  last  twenty  years. 

Mr.  Mushaui:  There  is  no  doubt  that  Mr.  Stern's  point  is  a 
good  one.  I  have  noticed  in  the  engineering  papers  lately  some 
discussion  on  the  mixing  of  concrete.  A  thorough  mixing  of  con- 
crete is  important.  There  is  no  question  but  what  a  well  mixed 
concrete  will  flow  easily,  as  any  inspector  of  concrete  knows.  In 
Seattle  and  Portland  the  practice  is  to  use  from  5  to  10%  of  hy- 
drate of  lime,  adding  it  to  the  cement  without  changing  the  propor- 
tion of  concrete.  The  claim  is  that  the  hydrate  of  lime  acts  as  a 
lubricant,  and  that  in  itself  would  mean  less  water. 

H.  S.  Baker,  m.  w.  s.  e.  :  How  did  the  concrete  act  when  placed 
in  the  arch?  From  the  illustration  it  would  appear  that  near  the 
bottom  of  the  arch  ring  there  was  about  as  steep  a  slope  as  for  the 
spout.    Was  a  top  form  used  on  the  ring  at  tliis  point  ? 

Mr.  Sweatt:  We  tried  a  top  form,  but  it  was  cumbersome. 
The  concrete  did  not  set  up  fast  enough  to  suit  us,  so  we  simply 
stuck  boards  in  between  the  rods  every  4  ft.  until  we  got  about  half 
way  up  the  arch.  We  held  it  back  as  a  sort  of  dam,  and  after  it 
set  a  little  we  smoothed  it  off  and  gave  it  the  finished  surface.  We 
placed  the  concrete  on  the  structure  in  the  good  old-fashioned  way, 
wheeling  it  on  wheelbarrows.  The  spouting  method  was  certainly 
far  ahead  of  the  wheelbarrow  system,  made  better  and  denser  con- 
crete, and  it  looked  as  if  it  might  last  a  thousand  years. 

The  reinforcing  bars  were  round,  l^t  "i- :  spaced  about  an 
average  of  1  ft. ;  some  of  them  11>4  in.  and  some  15  in.  They  were 
in  sections ;  one  was  about  33  ft.  in  length  and  the  other  was  83  ft., 
and  they  were  upset  and  threaded. 

Mr.  Lothhols:  How  many  turnbuckles  were  there  in  the  length 
of  each  bar  from  one  pier  to  the  next? 

Mr.  Siveatt :  There  was  one  turnbuckle  for  each  bar.  Of 
course,  the  bars  extended  into  the  piers  and  also  into  the  abut- 
ments. 
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Mr.  Lothhok:  There  was  probably  some  discussion  aoout  that 
point.    Is  that  an  original  idea  of  the  designers? 

Mr.  Siveatt:  I  really  cannot  say  whether  it  was  original  with 
them  or  not.    I  tried  to  talk  them  out  of  it,  but  was  unable  to  do  so. 

Mr.  Lay  field:  What  determined  the  location  of  those  turn- 
buckles  ? 

Mr.  Szveatt:  It  is  probable  that  the  intention  was  to  so  locate 
them  that  they  would  be  accessible  for  adjustment  w-hen  the  bars 
had  raised  up  sufficiently  to  warrant  it. 

Mr.  Lay  field:  They  could  not  have  that  effect  there,  as  you 
said  they  were  covered  up. 

Mr.  Szveatt:  They  were  covered  up  before  the  bars  raised 
enough. 

Mr.  Lay  field :    Why  didn't  they  place  them  at  the  top? 

Mr.  Sweatt:  ihat  is  where  they  should  have  been  placed,  if 
they  were  there  at  all. 

George  M.  Mayer,  .m.  w.  s.  r;. :  Did  you  have  any  trouble  with 
initial  set  of  the  concrete  in  the  chute  at  the  high  tower,  and  so 
forth  ? 

Mr.  Szveatt:  We  had  no  trouble  except  when  they  forgot  to 
put  in  the  cement  or  something  like  that.  We  could  always  tell 
when  they  were  beating  the  cement  proportions. 

C.  C.  Saner,  assoc.  \v.  .s.  i:.  :  On  a  small  concrete  job  on  which 
I  worked  the  concrete  was  mi.xed  in  a  continuous  mixer  and  con- 
veyed by  means  of  a  wooden  trough  with  a  slope  of  1  in  7.  It  is 
my  experience  that  where  concrete  can  flow  direct  from  the  mixer 
into  the  trough  the  continuous  type  of  mixer  is  the  best  one  to  use. 
If  the  mixture  is  not  of  the  right  consistency,  having  either  too  much 
or  too  little  water  in  it,  tlie  concrete  will  stop  flowing.  One  advan- 
tage of  such  an  arrangement  is  that  the  speed  of  the  work  does  not 
depend  upon  the  men,  l)ut  uiion  the  machine,  as  the  men  must  keep 
the  hoppers  full  all  the  lime.  The  most  efficient  foreman  I  know  of 
is  the  continuous  mixer  feeding  into  a  trough. 

Mr.  Sweatt:  Concrete  will  flow  in  a  fixed  spout  at  a  less  angle 
than  in  a  suspended  spout. 

Mr.  Lothlwb:  I  would  lik-^  to  have  a  little  more  information 
about  the  hand  rail.  Wasn't  there  quite  a  little  difference  in  the 
finish  of  the  parts  cast  in  place  and  the  spindles? 

Mr.  Sweatt:  Every  one  of  the  spindles  whicli  were  jjrc-cast 
were  much  darker  than  the  balance  of  the  concrete  and  not  as 
close  grained.  The  workmanship  of  the  parts  that  were  ca.st  on 
the  structure,  the  top  and  bottom  rails,  was  as  good  as  that  on  the 
spindles.  They  were  cast  in  good  lorm<;.  well  oiled,  and  the  toi> 
surfaces  troweled. 
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EMIL  GERBER,  M.  W.  S.  E. 
Died  April  i6,  1914. 

The  death  on  April  16th  of  Emil  Gerber,  General  Manager  of 
Erection  and  Assistant  to  the  President  of  the  American  Bridoe 
Company,  came  as  a  severe  shock  and  personal  loss  to  the  lar^e 
number  of  friends  who  admired  his  sterling  worth  and  felt  for  him 
that  affection  which  his  personality  so  readily  inspired. 

^^^-  Gerber,  at  various  times,  held  many  responsible  positions; 

Memoir  prepared  by  Aug.  Ziesing,  A.  Reichniann,  and  F.  J.  Llewellyn 
committee.  '■■  j-  ^-'cwcnyu, 
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lie  had  been  connected  with  and  had  had  succebsiul  charge  at  a 
large  amount  of  important  work,  yet  a  mere  review  of  his  active 
hfe  would  give  an  inadeciuate  concejUion  of  his  place  in  the  engi- 
neering profession  and  in  the  American  liridge  Company. 

In  the  course  of  his  career  he  had  a  large  range  of  experience 
and  the  advantage  of  intimate  association  with  such  men  as  Ains- 
worth,  Morison.  and  Xoble.  combined  with  his  natural  ability,  gave 
him  breadth  of  view,  soundness  of  judgment,  stability  of  character 
and  ever-present  poise. 

Mr.  Gerber  was  born  at  Reichetibach,  Saxony,  Germany,  Jan- 
uary 31,  1858.  He  was  graduated  from  the  Worcester  Polyteidinic 
Institute,  Worcester,  Mass.,  class  of  1876.  After  graduation  he 
taught  school  for  one  year  at  Southbridge,  Mass.  .Subset|uenlly  he 
was  Assistant  Engineer  in  the  location  and  construction  of  the 
Freemont,  Elkhorn  and  Missouri  Valley  Railroad.  In  1879  he  was 
appointed  Assistant  Engineer  of  the  Sioux  City  and  Pacific  Rail- 
road, now  a  part  of  the  Chicago  &  North  Western  Railway.  As 
Resident  Engineer  he  had  charge  of  constructi<jn  of  the  P>lair  bridge. 
Missouri  Valle\ .  Iowa;  the  Sioux  City  bridge,  Sioux  City,  Iowa, 
and  Jacksonville  bridge  at  Jacksonville.  Fla.,  which  bridges  were 
designed  by  the  late  Mr.  George  S.  Morison.  Consulting  Engineer. 
In  1889  he  was  made  Principal  .Assistant  Engineer  to  Mr. 
Morison,  resigning  in  1897  to  accept  the  position  of  Chief  Engineer 
of  the  Lassig  E'ridge  &  Iron  Works  of  Chicago.  He  was  Manager  of 
the  Lassig  plant  during  the  years  1900  and  1901.  and  was  then 
appointed  Assistant  to  the  President  of  the  .American  Bridge  Com- 
pany at  Pittsburgh,  also  serving  as  Operating  Manager  of  the 
Pittsburgh  Division  of  the  .\merican  Kridge  Companv  from  1905 
to  1911. 

During  the  years  1910  and  1911  the  construction  of  the  Gary 
])lant  of  the  .\merican  P>ridge  Company  was  under  his  direction. 

In  1911.  in  addition  to  his  duties  as  Assistant  to  the  President, 
Mr.  Gerber  assumed  duties  of  the  General  Manager  of  the  Erecting 
Department. 

Mr.  Gerber  has  been  identified  with  the  construction  of  many 
of  the  largest  bridges  in  the  United  .States.  He  was  a  member  of 
the  .American  Society  of  Civil  Engineers,  of  which  he  was  also  a 
director;  of  the  American  Railway  Engineering  .\ssociation :  the 
American  Iron  and  Steel  Institute;  the  Western  Society  of  Engi- 
neers; the  Engineer's  Society  of  Western  Pennsylvania;  the  Chi- 
cago Engineer's  Club ;  the  Du(]uesne  Club,  and  The  Junta.  Pitts- 
burgh. Recently  he  wa'^  apixMuted  on  a  joint  committee  of  the 
.American  Society  of  Civil  Engineers  and  the  .American  Railwa> 
I'-ngineering  .\ssociation.  on  Railroad  Tracks  and  Road  Be(k. 

.A  committee  consistitig  of  Messrs.  Swensson,  Davison  ati<I 
Wilkins  was  appointed  by  wire  to  re]iresent  tlu-  American  Societv 
of  Civil  Engineers  at  Mr.  Gerber's  funer.d. 

Mr.  Gerber  is  survived  by  his  wife,  hi^  daughter.  .Mrs.  .Albert 
(X  C^l.sf)n.  and  son.  Emil. 
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ROHERT  BICKNELL  SEYMOUR.  M.  W.  S.  E. 
Died  February  22,  Kji^- 

Robert  Bicknell  Seymour  was  born  at  ilinghani,  Alass.,  in  1859. 
He  was  a  son  of  Bronson  and  Rebecca  Seymour,  whose  ancestors 
came  from  England  and  settled  at  Hingham  in  1661.  When  Mr. 
Seymour  was  four  years  of  age  his  parents  moved  to  Long  Island, 
where  he  resided  until  he  attended  Flushing  Institute.  He  studied 
engineering  at  Stevens  Institute. 

Mr.  Seymour  began  the  active  practice  of  engineering  work  in 
1881  with  the  Youngstown  and  Cleveland  Railroad,  which  at  that 
time  was  being  built.  Following  the  completion  of  this  work,  Mr. 
Seymour  went  south  and  was  engaged  b\'  the  Government  in  the 
construction  of  jetties  on  the  west  coast  of  Florida. 

In  1885  he  came  to  Chicago  and  for  ten  years  was  with  the 
Wisconsin  Central  Railway  and  the  Chicago  and  Xorthern  Pacific 
Railroad,  having  charge  of  the  field  work  in  the  construction  of 
their  Chicago  terminals.  This  line  is  now  that  part  of  the  present 
Baltimore  and  Ohio  Chicago  Terminal  Railroad,  extending  from 
Altenheim  to  Harrison  street  and  I""ifth  avenue.  The  work  included, 
among  many  other  problems,  a  drawbridge  over  the  Chicago  Rivei 
at  Taylor  street  and  the  present  Grand  Central  passenger  station. 

In  1895  Mr.  Seymour  was  engaged  by  the  Board  of  Trustees 
of  the  Sanitary  District  of  Chicago  as  Special  Engineer  in  charge 
of  the  remeasurement  of  the  main  channel.  In  order  to  verify  the 
computations  of  the  regular  organization  of  the  Engineering  De- 
partment of  the  Sanitary  District  it  was  considered  advisable  to 
have  the  work  remeasured  by  a  party  in  charge  of  an  engineer  of 
recognized  ability  and  high  character  not  connected  with  the  work. 
In  response  to  a  request,  the  Western  Society  of  Engineers  sent  the 
Board  of  Trustees  the  names  of  ten  gentlemen,  any  one  of  whom 
by  reason  of  ability  and  previous  experience  was  qualified  to  take 
charge  of  such  check  measurements.  From  this  list  the  committee 
selected  Mr.  Seymour  for  the  work. 

Subsequently  he  was  for  about  two  years  engaged  as  Locating 
Engineer  in  the  construction  of  the  Chicago,  Hammond  and  West- 
ern Railroad,  now  a  part  of  the  Indiana  Harbor  Belt  Railroad. 

In  1898  Mr.  Seymour  took  charge  of  the  building  of  the  Rich- 
mond, Petersburg  and  Carolina  Railroad,  now  a  part  of  the  Sea- 
board Air  Line.  The  construction  of  this  railroad  required  the 
solution  of  many  problems,  among  the  most  difificult  of  which  was 
the  entrance  of  the  line  into  the  city  of  Richmond.  This  problem 
had  been  pronounced  by  many  -engineers  as  an  exceedingly  complex 
one,  but  the  work  was  successfully  accomplished  under  Mr.  Sey- 
mour's direction. 
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L'i)oii  the  completion  of  this  railroad  he  was  eii.yaj^ed  for  some 
time  in  estimating  tlie  costs  of  proposed  lines  in  N'irginia  and  North 
<^"arulina,  and  following  this  he  made  an  estimate  of  the  cost  of  a 
line  from  Miami,  1^'la.,  to  Key  West. 

Mr.  Seymour  returned  to  Chicago  in  1906  to  take  charge  of 
constructing  a  railroad  from  Indiana  Harbor  to  Danville.  111.  (now 
a  part  of  the  Chicago.  Indiana  and  Southern  Railroad).  He  was 
afterward  Chief  Engineer  of  the  C.  I.  &  S.  R.  R.,  and  of  the  Indiana 
Harbor  Belt  Railroad  until  1911,  when  this  railroad  was  absorbed 
by  the  Xew  York  Central  Lines. 

Since  that  time  and  until  his  death  he  was  engaged  in  the 
private  practice  of  his  profession  in  Chicago. 

Mr.  Seymour  was  married  in  1883  to  Miss  Mary  Griffith,  who, 
with  a  daughter.  Mrs.  L.  C.  Biglow,  of  Crawford,  X.  J.,  survives 
him. 

He  was  a  member  of  the  Western  Society  of  Engineers,  the 
Chicago  Engineers'  Club,  and  the  Christian  Science  Church  of  Oak 
I'ark.  111. 

-Mr.  Seymour  was  a  man  known  and  respected  for  his  sterling 
character,  his  patience  and  modesty.  His  work  was  recognized  by 
(|uality  and  thoroughness,  being  always  as  good  as  conditions  would 
permit. 

In  his  death  the  engineering  profession  has  lost  a  loyal,  capable 
and  energetic  member. 


WILLIAM   DAXA    TAVLOR.  M.  W.  S.  E. 
fyicd  .\ii;^nst  26.  IQI  I. 

Professor  William  Dana  Taylor,  who  tilled  the  chair  of  Rail- 
way Engineering  in  the  Cnivcrsity  of  Wisconsin  from  1*>01  to  1^>0<). 
died  at  his  residence  in  Chicago  on  .\ugust  l(^,  V)\\.  lie  withdrew 
from  his  L'niversity  duties  in  l"\"bruary,  l^XX),  to  take  up  active 
w(jrk  as  Chief  Engineer  of  the  Chicago  it  Alton  Railroad.  In  PX)7, 
through  a  reorganization  of  railway  properties,  he  was  made  Chief 
Engineer  of  the  Toledo.  St.  Louis  i\:  Western  Railway,  and  two 
years  later  of  the  Iowa  Central  and  the  Minneapolis  &  St.  Louis 
Railroads,  lie  continued  in  active  discharge  of  his  iirofessional 
duties  practically  to  the  time  of  his  death. 

Mr.  Taylor  was  born  at  Montgomery,  .\la.,  January  22.  1859. 
In  1881  he  was  graduated  from  the  civil  engineering  dei>artment 
of  the  Alabama  I^olytechnic  Institute,  and  later  took  post-graduate 
studies  at  Johns  Hopkins,  Cornell  and  Chicago  universities.  Pre- 
vious to  taking  up  his  work  in  the  engineering  faculty  of  the  Uni- 
versity of  \\  isconsin  he  had  taught  in  academies  in  Alabama  for 
two  years,  and  for  a  period  of  seven  years  had  been  professor  of 
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civil  engineering  in  the  University  of  Louisiana.  His  professional 
activities  in  railway  engineering  proper  had  included  service  with 
the  Mexican  Central  Railroad  in  1882-3;  on  various  railroads  in 
Alabama  from  1886-91 ;  with  the  St.  Louis,  Peoria  &  Xorthern 
Railroad,  as  Chief  Engineer,  in  1898,  and  with  the  Chicago  &  Alton 
in  1899-1900,  in  charge  of  the  reconstruction  of  the  Glasgow  bridge 
over  the  Missouri  River. 

In  1902  Professor  Taylor  was  given  leave  of  absence  from 
his  teaching  duties  at  the  University  of  Illinois  for  a  brief  period 
to  enable  him  to  accept  the  position  of  Chief  Engineer  of  the  Knox- 
ville.  La  Follette  &  Jellico  Railroad,  a  connecting  link  of  the  Louis- 
ville &  Nashville  System.  In  June,  1903,  he  was  appointed  expert 
engineer  by  the  Wisconsin  State  Board  of  Assessment  to  appraise 
the  steam  railway  properties  of  the  state,  and  served  in  this  capacity 
until  his  return  to  active  railway  engineering  practice  in  1906.  He 
was  a  member  of  the  American  Society  of  Civil  Engineers,  West- 
ern Society  of  Engineers,  Society  for  the  Promotion  of  Engineer- 
ing Education,  American  Railway  Engineering  Association,  and  the 
Chicago  Engineers'  Club. 

As  a  teacher  Professor  Taylor  won  the  wholesome  respect  and 
the  deep  personal  regard  of  student  and  colleague.  His  was  a  fine 
and  strong  personality ;  loyal  to  his  family,  his  friends  and  his 
work ;  ever  forgetful  of  self  and  of  the  limitations  of  his  own 
strength  in  the  service  of  others ;  simple  of  manner  and  tastes ;  a 
man  of  modesty  and  of  force  rarely  combined  ;  a  seeker  after  truth  ; 
a  hater  of  shams,  ever  swift  and  sure  in  taking  sides  for  the  right. 
These  and  many  like  qualities  characterized  the  private  and  profes- 
sional life  of  this  fine  Christian  gentleman.  Called  away  at  the 
very  summit  of  a  life  of  high  attainment,  his  rare  qualities  of  heart 
and  mind  enabled  him  to  endure  with  fortitude  the  sufi^ering  of 
the  closing  months  of  his  life.  A  deep  sense  of  personal  loss  is 
shared  by  those  who  knew  him  and  felt  his  influence. 
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PROCEEDINGS  OF  THE  SOCIETY 

Minutes  of  the  Meetings. 

Rcyular  Meeting,  June  1,  l'.)14. 

A  regular  meeting  (No.  868)  of  the  Society  was  held  Monday  evening, 
June  1,  1914.  The  meeting  was  called  to  order  at  8  p.  m.,  by  President  Lee, 
with  about  70  members  and  guests  in  attendance. 

The  Secretary  reported  from  the  Board  of  Direction  that  the  following 
had  been  elected  into  membership : 

No.  33.  Wilbur  Ray  Manock,  Chicago .'\ssociate  Member 

No.  34.  Comfort  Fitch   Bennett,   Chicago Member 

No.  Ss.  Cyrus  Edward  Minor,  Chicago Member 

No.  36.  Victor  R.  Walling,  Chicago Member 

No.  37.  Augustin"W^  Malinovsky,  Valparaiso  Student  Member 

Also  that  the  following  had  applied  for  admission : 

No.  38.  Horace  Clement  Alexander Chicago 

No.  39.  La  Verne  J.   Ruddock Wheaton,   111. 

No.  40.  Robert  H.  Schwandt Chicago 

No.  41.  Samuel  Ben  Sklar   Chicago 

No.  42.  Burke  Smith  Chicago 

No.  43.  Murray  Blanchard   Chicago 

There  being  no  other  business,  Mr.  F.  William  Greve,  Jr.,  of  Purdue  Uni- 
versity, Lafayette,  Ind.,  was  introduced  who  read  his  paper  on  "Characteris- 
tic Curves  of  Centrifugal  Pumps."  This  was  illustrated  by  some  lantern 
slides,  showing  the  curves.  Discussion,  questions  and  answers,  followed  from 
President  Lee,  Mr.  Greve  and  Messrs.  S.  T.  Smetters,  H.  S.  Baker,  Mr.  Rey- 
nolds, H.  S.  Bowen  and  W.  E.  Williams.  President  Lee  then  called  upon  Mr. 
W.  H.  Collins,  who  entertained  the  meeting  with  some  recitations. 

Refreshments  were  served,  and  the  meeting  adjourned  about  9  :4o  p.  m. 

Extra  Meeting,  June  8,  1914. 

An  extra  meeting  (No.  869),  of  the  Society,  the  Bridge  and  Structural 
Section,  was  held  Monday  evening,  June  8,  1914.  The  meeting  was  called  to 
order  at  7:50  p.  m.,  by  Mr.  John  W.  Mushani,  vice-chairman  of  the  section, 
and  with  about  45  members  and  guests  in  attendance. 

Mr.  Alex  C.  Brown,  of  Cleveland,  Ohio,  was  introduced,  who  read  his 
paper  on  "Locomotive  Cranes  and  their  Use  in  Modern  Industries."  The  pa- 
per was  illustrated  by  a  considerable  number  of  stereopticon  views.  Discus- 
sion followed  from  Messrs.  C.  K.  Baldwin,  J.  W.  Pearl,  T.  L.  D.  Hadwen, 
Geo.  R.  Brandon,  F.  E.  Downing,  F.  Rasmusscn,  E.  T.  Ilowson,  H.  C.  Loth- 
holz,  O.  F.  Dalstrom,  with  explanations  and  answers  to  questions  by  Mr. 
Brown. 

Mr.  F.  G.  Vent  offered  a  vote  of  thanks  to  Mr.  Brown  for  his  interesting 
paper,  which  was  duly  seconded  and  passed.  .\s  the  evening  was  very  warm 
the  meeting  adjourned  early — about  9  p.  m. 

Extra  Meeting,  June  10,  1914. 

An  extra  meeting  (No.  870),  a  joint  meeting  of  the  Electrical  Section, 
W.  S.  E.,  and  the  Chicago  Section,  A.  I.  E.  E.,  was  held  jointly  with  the  Il- 
luminating Engineering  Society,  Chicago  Section,  on  W  ednesday  evening, 
June  10,  1914. 

The  meeting  was  called  to  order  about  8  :.'iO  p.  m.,  by  Mr.  F.  J.  Postel. 
chairman,  with  aliout  45  members  and  guests  in  attendance.  The  chairman 
announced  that  a  letter  liallot  had  been  taken  for  oHicers  for  the  Chicago  Sec- 
tion, .'\.  I.  E.  E.,  whidi  had  resulted  in  the  election  of  Mr.  E.   W.  Allen  as 
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chairman,  Mr.  W.  J.  Norton,  as  secretary  and  Mr.  D.  W.  Roper  as  member 
Executive  Committee  for  three  years. 

The  Chairman  then  introduced  Prof.  A.  II.  Ford  of  Iowa  City,  la.,  who 
read  his  paper  on  "The  Design  of  Illuminated  Signs."  Discussion  followed 
from  Mr.  F.  J.  Postel,  Mr.  R.  E.  Cleveland,  Mr.  E.  W.  Allen,  who  read  a 
communication  from  Mr.  E.  J.  Edwards,  Mr.  L.  G.  Shepherd,  Dr.  H.  S. 
Gradle,  with  replies  and  explanations  from  Prof.  Ford. 

The  Chairman  also  introduced  Mr.  Matheny  from  the  Department  of 
Electricity  and  Gas,  who,  in  the  absence  of  the  author,  read  the  paper  pre- 
pared by  Mr.  P.  E.  Haynes,  on  "Chicago  Street  Lighting."  Discussion  fol- 
lowed from  Messrs.  A.  J.  Sweet,  Hans  Sahaedlich,  J.  R.  Cravath,  Prof.  Ford, 
and  F.  H.  Bernhard.  Lantern  slides  were  used  to  illustrate  both  of  these 
papers. 

Meeting  adjourned  about  10  :20  p.  m. 

Extra  Meeting,  June  15,  1914. 

An  extra  meeting  of  the  Society  (No.  871),  the  Hydraulic,  Sanitary  and 
Municipal  Section,  was  held  Monday  evening,  June  15,  1914.  The  meeting 
was  called  to  order  at  8  p.  m.,  by  Mr.  W.  D.  Gerber,  chairman,  with  about  40 
members  and  guests  in  attendance.  There  was  no  business  before  the  Section. 
The  Chairman  introduced  Mr.  W.  G.  Potter,  M.  W.  S.  E.,  who  read  his  paper 
descriptive  of  the  Sewage  Disposal  Plant  of  Aberdeen,  South  Dakota.  Dis- 
cussion followed  from  Messrs.  W.  D.  Gerber,  L.  K.  Sherman,  Langdon 
Pearse,  C.  C.  Saner,  W.  W.  DeBerard,  and  A.  T.  Maltby,  with  replies  and 
explanations  from  Mr.  Potter. 

Meeting  adjourned  at  9  :30  p.  m.  J.  H.  Warder, 

Secretary. 
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THIi  1MK)KS   KEVIEWKI)   ARK    IN    THK   LIIIKAKV    UK   THIS    SOCIKTV. 

1m)UNUatio.ns  ok  1'>kii)(,k.s  and  Buildings.  By  llcnry  S.  Jacol)y,  Pruf.  of 
Bridge  Engineering,  Cornell  University,  and  Roland  P.  Davis,  Prof,  of 
Structural  and  Hydraulic  Engineering,  West  Virginia  University.  Mc- 
Graw-Hill Book  Co.,  New  York.  1914.  1st  ed.  Cloth.  G  by  9  in.;  pp.  603, 
including  inde.x  ;  illustrated.     Price  $.5.00. 

This  book  is  divided  into  19  chapters,  with  the  number  of  pages  devoted 
to  each  as  follows : 

Timber  piles  and  drivers,  36  pp. ;  driving  timber  piles,  39  pp. ;  bearing 
power  of  piles,  51  pp.;  concrete  piles,  58  pp.;  metal  and  sheet  piles,  24  pp.; 
cofferdams,  41  pp.;  box  and  open  caissons,  41  pp.;  pneumatic  caissons  for 
bridges,  3  chapters,  86  pp. ;  pier  foundations  in  open  wells,  18  pp. ;  ordinary 
bridge  piers,  32  pp. ;  cylinder  and  pivot  piers,  16  pp. ;  bridge  abutments,  20 
pp. ;  spread  foundations,  3S  pp. ;  underpinning  buildings,  28  pp. ;  exploration 
and  unit  loads,  20  pp. ;  pneumatic  caisson  practice,  24  pp. ;  and  references  to 
engineering  literature,  35  pp. 

There  are  many  illustrations  with  full  page  photographs  and  general 
drawings. 

The  book  is  an  excellent  selection  and  compilation  of  material  scattered 
through  many  technical  magazines  and  a  few  books. 

Piles  and  pile  driving  especially  has  received  a  full  and  thorough  treat- 
ment. Every  reader  has  a  different  point  of  view  and  to  the  reviewer  the 
question  of  building  foundations,  other  than  piles,  has  not  received  the  atten- 
tion it  deserves.  Bridge  piers,  abutments,  etc.,  have  received  careful  attention 
in  other  books,  but  the  questions  of  building  foundations,  underpinning  of 
buildings,  spread  and  cantilever  footings,  have  not  been  adequately  treated 
in  any  book.  Possibly  in  a  short  time,  if  not  at  present,  there  will  be  suf- 
ficient accumulated  material  to  divide  the  title,  and  make  two  books — one, 
Bridge  Foundations ;  the  other.  Building  Foundations. 

There  seems  to  be  a  tendency  in  this  book,  as  in  some  others,  to  give 
considerable  space  to  the  large  undertakings.  The  average  engineer  is  never 
required  to  design  or  supervise  the  construction  of  these  large  projects,  but  is 
often  as  much  or  more  puzzled,  and  his  ingenuity  taxed,  over  a  proi)osition 
where  funds  are  limited,  and  conditions  unusual.  One  point  is  noted,  that  is, 
most  engineers,  sometimes  in  their  e.xperiencc.  run  up  against  a  material 
called  quicksand,  yet  this  book  on  l'\)undations  does  not  indicate  in  its  index 
that  there  is  such  a  material  in  existence.  Probably  quicksand  makes  laugh- 
ing-stock of  more  engineers  than  any  other  material. 

There  are  many  trying  little  things  in  the  average  engineer's  experience 
upon  which  he  will  get  little  help,  especially  in  building  foundations  as  stated 
above,  from  this  book. 

The  authors  have  included  many  occurrences  from  the  field,  which  gives 
a  practical  interest  to  the  text. 

It  is  a  book  that  every  engineer  should  have,  and  the  reviewer  is  grateful 
that  someone  has  taken  the  troul)le  to  segregate  from  the  large  amount  of 
material  recentlv  appearing  in  this  interesting  and  instructive  matter. 

W.  A.  H. 

CoMi'KKSSKD  .\\K. — .\  Treatise  on  the  Production,  Transmission  and  Use  of 
Compressed  .\ir.  By  Theodore  Simons.  McCraw-Hill  Book  Co.,  Inc.. 
New  York.  Cloth;  6  by  9  in.;  173  pp.,  including  index;  illustrated. 
Price  $1.50. 

This  book,  which  is  of  excellent  typography  and  fully  illustrated,  presents 
the  usual  data  eml)odying  the  physical  principles  which  govern  the  jiroduction, 
transmission,  and  use  of  Coiiqiressed  .\ir,  particularly  with  a  view  to  its 
value  as  a   iext  Book  for  engineering  students. 

The  numerous  problems  which  serve  to  illustrate  the  various  physical 
laws,  are  also  desirable  from  the  students'  point  of  view  and  serve  to  make 
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clear  to  the  reader  by  actual  muiKrical  (|iiaiitities,  the  practical  \alue  of  the 
formulae  presented. 

No  attempt  is  made  In  even  touch  on  tlie  endless  number  of  devices  in 
which  compressed  air  is  the  motive  power  and  which  are  now  employed  in 
almost  every  line  of  human  activity,  but  a  brief  description  of  existing  types 
of  air  compressors  is  given  which  serves  to  illustrate  the  principles  of  air 
compression.  C.  \V .  M. 

LIBRARY  NOTES 

The  Library  Committee  desires  to  return  thanks  for  donations  to  the 
library.  Since  the  last  publication  of  the  list  of  such  gifts,  the  following 
publications  have  been  received  : 

PURCHASES. 

Practical  Calculation  of  Dynamo-Electric  Machines,  Alfred  E.  Wiener.     Cloth. 
Modern  Illumination.     Theorj'  and  Practice,  Horstman  &  Tousley.     Leather. 
Illumination  and  Photometry,  Wm.  E.  Wickenden.     Cloth. 
Formulae  and  Tables  for  the  Calculation  of  Alternating  Current   Problems, 

Louis  Cohen.     Cloth. 
General  Metallurgy,  H.  O.  Hofman.     Cloth. 

The  Modern  ^Manufacture  of  Portland  Cement.     P.  C.  H.  West.     Cloth. 
Design  of  Dynamos,  S.  P.  Thompson.     Cloth. 

MISCELLANEOUS    GIFTS. 

G.  F.  Stickney : 

The  Stickney  Siphon  and  Spillway  and  Stickney  Automatic  Crest  for 
Dams.     Pam. 
H.  N.  Elmer: 

Transactions,    loth   International    Congress   on    Hygiene   and    Demo- 
graphy, 1912.     7  vols.,  paper  bound. 
E.  E.  R.  Tratman : 

Proceedings,  Sixth  Annual  Convention  of  the   Indiana  Sanitary  and 

Water  Supply  Association,  1914.     Pam. 
Journal  Railway  Signal  Association,  March.  June,  1914.     Pams. 
Transactions,     National     Brick     Manufacturers'     Association,     1913. 
Pam. 
Isham  Randolph: 

Florida  Everglades ;   Report  of  the  blorida   Everglades   Engineering 
Commission,    1913. 
Newberry  Library  : 

17  vols.  Colliery  Engineer  and  Mines  and   Minerals. 
James  Todd : 

Record  of  case,  State  of  Missouri  vs.  State  of  Illinois  and  Sanitary 
District  of  Chicago,  in  the  Supreme  Court  of  the  United  States. 
10  vols,  of   Record  and  Briefs. 
New  York  Hejghts  of  Buildings  Commission  : 

Report  to  the  Committee  on  the  Height,  Size  and  Arrangement  of 
Buildings,  of   the  Board  of  Estimate   and   Apportionment.     Cloth. 
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PANAMA  CANAL 

A.   S.   ZiNN,   M,    W.   S.   E.,   AND  L.   D.   CoRNISPT,   M.   AM.    SOC.   C.    E. 

Informal  addresses,  zvith  lantern  slide  illustrations,  March  2,  1^14. 

President  Lee:  The  Panama  Canal  has  been  the  greatest 
engineering  construction  of  modern  times,  as  some  one  has  said. 
It  has  not  only  been  the  greatest  engineering  construction  of 
modern  times,  but  what  interests  us  as  engineers  more  than  that 
is  the  fact  that  it  has  been  the  particular  work  of  modern  times 
which  has  called  attention  to  the  engineering  profession.  No  other 
single  construction  has  ever  been  carried  through  which  has  done 
so  much  to  elevate  our  profession  to  the  place  to  which  it  rightfully 
Ijelongs.  The  Panama  Canal  is  a  matter  of  common,  constant 
interest  to  the  every-day  man ;  great  things  have  been  accomplished 
there;  and  just  for  the  reason  that  it  is  of  interest  to  the  common 
every-day  fellow,  is  why  it  has  advanced  the  engineering  pro- 
fession. 

We  have  with  ns  tonight  Mr.  A.  S.  Zinn,  a  member  of  this 
Society,  who  for  nearly  ten  years  was  connected  with  the  construc- 
tion of  the  Panama  Canal,  in  perhaps  the  special  portion  of  the 
work  which  attracts  and  has  attracted  the  interest  of  the  average 
man.  He  was  resident  engineer  of  the  Central  Division,  which 
included  the  Culebra  Cut.  It  is  my  very  great  pleasure,  gentlemen, 
to  introduce  to  you  Mr.  Zinn. 

A.  S.  Zinn,  m.  w.  s.  e.  :  History  tells  us  that  the  Pacific  Ocean 
was  discovered  by  Balboa  on  the  25th  of  September,  1513,  and 
that  he  viewed  it  for  the  first  time  from  the  top  of  a  tree  on  one 
of  the  high  mountains  of  the  Isthmus  of  Panama.  I  can  easily 
understand  why  Balboa  climbed  a  tree,  as  it  is  impossible  to  see 
the  Pacific  Ocean  from  any  of  the  highest  points  there,  without 
having  the  whole  mountain  top  cleared  of  the  dense  growth  of 
trees.  On  some  of  the  highest  peaks  that  are  close  to  an  elevation 
of  1,000  feet  we  constructed  towers  60  feet  high,  as  it  was  cheaper 
to  do  this  than  to  be  continually  clearing  away  the  dense  vegetation 
and  small  trees  that  grow  very  rapidly  in  a  tropical  climate. 

Not  many  years  after  Balboa's  discovery  became  known  to  the 
world  and  that  the  Isthmus  of  Panama  was  a  narrow  strip  of  land 
connecting  North  and   South  America,  the  leading  nations  of  the 
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world  saw  the  great  advantage  t(j  navigation  of  a  waterway  across 
the  Isthmus  to  save  the  long  voyage  by  way  of  Cape  Horn. 

About  87  years  ago  the  Colombian  government  made  the  first 
surveys  to  ascertain  the  most  eligible  line  of  conmiunication  across 
the  Isthmus,  whether  by  a  canal  or  wagon  road. 

The  first  survey  and  report  was  made  to  the  Congress  of  the 
United  States  on  the  construction  of  the  Canal  in  18v39  by  John 
L.  Stevens, — no  relation,  by  the  way,  to  John  F.  Stevens.  During 
the  next  30  years  numerous  surveys  and  reports  on  the  difterent 
canal  routes  were  made  by  Colombia,  Mexico,  Mngland,  France 
and  the  United  States.  In  1875  Captain  Lull,  of  the  L-nited  States 
Army,  was  assigned  to  the  duty  of  making  a  survey  across  the 
Isthmus  and  reported  favorably  on  a  canal  route  very  similar  in 
location  to  the  canal  that  is  now  almost  completed. 

In  1876  a  French  company  was  organized  and  made  a  contract 
with  the  Colombian  government  for  the  construction  of  a  canal 
across  the  Isthmus.  This  contract  was  modified  two  years  later 
and  it  was  agreed  to  bring  the  whole  matter  before  an  international 
congress  of  engineers.  It  was  at  this  congress  that  DeFesseps 
first  made  the  remark  that  an  intcroceanic  canal  to  fulfill  all  re(|uire- 
ments  necessary  for  the  trafific  across  the  Isthmus  should  be  built 
on  the  ,sea  level  plan,  as  the  Suez  Canal  had  been.  DeLesseps 
stuck  to  his  idea  and  it  w^as  destined  to  prevail  four  years  later 
before  the  International  Congress  of  Surveys,  after  a  great  deal 
of  wrangling  among  its  members  as  to  the  best  type  of  canal  to 
construct.  This  was  ten  years  after  De  Lesseps  comi)leted  the 
Suez  Canal,  which,  I  believe,  was  in   18r/\  after  ten  years*  work. 

In  1879  De  Lesseps  landed  on  the  Isthmus  at  Colon  and  spent 
almost  two  years  on  preliminary  surveys  and  plans  before  the  final 
location  of  the  canal  was  adopted,  and,  as  I  said  before,  they 
decided  on  a  sea  level  canal.  They  worked  on  tliis  canal  imtil 
1887,  when,  after  much  dissatisfaction,  the  ]irojccl  was  abandoned. 
Then  a  new  French  company  was  organized,  who  began  work  on 
a  lock  canal,  which  was  10  ft.  higher,  that  is,  the  highest  part  of 
the  lake  was  10  ft.  higher  than  the  jiresent  ])lan.  They  worked 
on  that  ]ilan  until  188^>.  when  the  company  went  into  the  haiKk 
of  a  receiver  and  operations  ceased  until  18^)4.  when  another  French 
company  was  organized  and  worked  on  the  lock  i^roject  until  May. 
1904,  when  the  Americans  took  charge. 

The  old  hrcnch  compan\'>^  work  extended  over  the  entire 
route  of  the  canal  from  the  .\tlantic  to  the  Pacific  (Vcan.  a  distance 
of  50  miles  from  deep  water  to  deep  water,  and  they  accompli>^hed 
a  wonderful  amouut  of  work.  In  the  eight  years  of  their  construc- 
tion work  they  removed  about  69,0CO.(X)0  cu.  yd.  of  material, 
including  the  dredging,  or  a  little  over  8,500,000  cu.  yd.  per  vear. 
The  new  French  company  worked  on  th^  excavation  of  Culehra 
Cut  simply  to  hold  their  franchi«^e  from  the  Colombian  governiuont. 
During  their  ten  \ears"  work  the\-  removed  onlv  alx>ut  10.(XX).00() 
cu.  yd.,   or   1,000.000  cu.   yd.   ]>er   \ear.   as  against   s«imething  like 
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8,500,000  cu.  yd.  per  year  removed  by  the  old  French  company. 
While  the  total  amount  of  material  removed  by  the  two  French 
companies  amounted  to  about  79,000,000  cu.  yd.,  onlv  about  27,000,- 

000  cu.  yd.  was  useful  to  the  American  project,  17,000,000  cu.  yd. 
of  this  being  from  Culebra  Cut. 

There  have  been  many  criticisms  of  the  BVench  engineers,  but 

1  doubt  if  you  will  find  a  single  American  engineer  who  has  .spent 
any  time  on  the  Isthmus  and  who  has  carefully  looked  into  all  the 
details  of  their  work  and  what  thev  did,  who  will  attempt  to  belittle 
the  work  of  the  French  engineers.  We  have  only  words  of  sympathy 
and  praise  for  them, — sympathy  because  the  money  end  of  the  job 
was  crooked  and  we  all  know  that  any  engineer  is  greatly  handi- 
capped if  he  is  not  furnished  the  money,  and  we  have  words  of 
praise  because  we  know  by  going  over  the  line  of  the  Canal  and 
into  the  jungles  that  tliey  thoroughly  understood  the  situation  and 
started   work  on   diversions  and  dikes  that   we  soon   saw   had   to 

.  be  completed  before  we  could  complete  Culebra  Cut.  The  align- 
ment of  the  Canal  as  located  by  them  was  better,  considering 
economy,  and  shorter,  in  one  or  two  places,  than  the  one  selected 
by  us,  although  we  used  most  of  their  locations,  but  we  saved 
$6,000,000  by  making  more  of  an  angle.  They  left  us  a  great 
many  houses,  shop  buildings,  machinery,  hospitals  and  sanitariums 
and  maps  showing  just  as  good  work  as  was  done  by  our  own 
draftsmen.  Not  only  that,  but  they  enabled  us  to  start  the  Canal 
two  years  sooner  than  we  otherwise  could  have  done,  as  we  would 
no  doubt  have  spent  two  )^ears  on  preliminary  surveys  before  adoj^t- 
ing  a  location  across  the  Isthmus. 

The  best  little  map  of  the  Canal  that  has  ever  been  published — 
the  whole  thing  in  a  nut  shell — is  shown  in  Fig.  1.  The  general 
direction  of  the  Canal  is  northwest  to  southeast,  and  many  tourists 
do  not  understand,  when  waking  up  at  the  Tivoli  Hotel  at  Ancon_, 
why  the  sun  rises  over  the  Pacific  Ocean,  liut  tlie  maji  will  ex]:)lain 
this. 

A  boat  coming  through  the  Panama  Canal  from  the  Atlantic 
side  goes  in  between  two  breakwaters,  through  a  dredged  channel 
in  Limon  Bay,  and  on  the  sea  level,  for  a  little  over  seven  miles 
to  Gatun  Locks.  There  it  is  lifted,  bv  means  of  three  separate 
locks,  to  the  level  of  Gatun  Lake,  which  covers  an  area  of  164 
square  miles :  from  tliere  it  may  continue  on  its  journey  at 
full  speed,  a  distance  of  24  miles,  through  the  lake,  in  a  channel 
varying  from  1,000  to  .=^00  ft.  in  width,  to  Gamboa.  where  it  enters 
the  Culebra  Cut.  The  water  in  Gatun  Lake  last  December  reached 
an  elevation  of  85  ft.  aliove  sea  level.  The  rainfall  averages  about 
11  ft.  per  year,  so  that  one  can  easily  understand,  with  the  enormous 
drainage  area  of  1,320  square  miles,  how  tliere  will  always  be  plenty 
of  water  in  Gatun  Lake.  The  rainfall  on  the  north  end  has  run 
up  as  high  as  144  inches  pear  year,  and  at  Empire,  where  I  had 
m\-  headquarters  so  long,  the  average  rainfall  was  about  84  inches 
l^er  year.     At  the  other  end.  at  Panama,  tine  rainfall  is  only  a  little 
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more  than  the  precipitation  in  this  state  of  Illinois, — about  40  inches 
per  year. 

Many  people  have  a  wrong  idea  of  Gatun  Lake.  They  seem 
to  thing  it  has  always  existed.  The  work  with  which  I  was 
connected  extended  through  Gatun  Lake  to  Pedro  Miguel  Locks. 
We  crossed  the  river  sixteen  times  and  at  many  of  the  places  we 
had  to  carry  dams  at  each  end,  so  as  to  take  the  material  out  in 
the  dry,  and  then  blow  up  the  dikes  and  let  in  the  water.  Between 
Bohio  and  Gatun  Locks  there  was  little  excavation  to  be  done,  but 
in  the  neighborhood  of  Gamboa  the  excavation  amounted  to  about 
13,000,000  cu.  yd.  The  north  end  of  Culebra  Cut  is  500  ft.  wide 
to  the  first  angle.      At  the  turning  points  there  is   room   enough 
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for  a  1,000  ft.  boat  to  swing  around  and  still  have  35  ft.  clearance 
on  each  end. 

The  islands  in  the  Pacific  arc  being  fortified  and  some  of 
the  guns  have  been  mounted.  As  a  matter  of  fact,  the  fortification 
of  the  Canal  is  much  further  along  than  any  of  the  newspapers  and 
many  of  the  Caiinl  engineers  realize. 

The  profile  of  the  Canal  (Fig.  2)  slu)w.>^  the  surface  of  the 
ground,  and  one  can  readily  see  how  deep  the  water  is  at  certain 
places ;  at  one  point  it  is  S7  ft.  deep.  The  top  line  on  the  profile 
represents  the  original  surface,  and  the  hatched  lines  represent  the 
material  taken  out  by  the  Americans.  From  the  profile  it  would 
seem  that  the  French  took  out  more  material  than  they  really  did. 
but  this  is  explaine  1  by  the  cross  section.  Fig.  2.    The  French  were 
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low  on  the  center  line  but  they  did  not  make  a  very  wide  cut.  The 
cross  section  shows  the  widest  cut  we  had  a  few  months  ago  in 
the  Culebra  Cut,  where  it  is  2,205  ft.,  caused  mostly  by  the  sliding- 
material  on  each  side. 

A  great  deal  has  been  written  about  slides*  and  no  one  has 
come  to  a  definite  theory  in  regard  to  them.  I  may  be  wrong,  but 
to  me  the  theory  seems  very  simple,  as  in  most  of  the  slides  the 
material  is  simply  resting  on  a  smooth,  inclined  surface.  In  the 
majority  of  the  slides  in  the  Cut,  one  can  easily  see  why  theJ 
material  slid,  namely,  because  the  whole  mass  was  resting  on  smooth 
material  and  as  soon  as  the  toe  was  knocked  off,  the  moving  started. 
The  only  way  to  kill  a  slide  is  to  haul  ihe  material  out.  Of  the  32 
slides,  all  but  three  were  killed  when  I  left  there  the  last  of  last 


Fig.  4.     Showing  Trouble  with  Steam  Shovels. 


month.  A  very  good  geologist  was  there  for  a  number  of  years 
and  he  predicted,  a  year  and  a  half  ago,  that  we  would  have  little 
more  trouble  with  Cucaracha  slide.  As  a  matter  of  fact,  it 
remained  quiet  for  a  year  and  then  started  to  move,  and  we  have 
had  more  trouble  than  before. 

The  Canal  reports  (for  instance,  Plate  93,  1912  report)  record 
the  output  per  month,  the  cost  per  cubic  yard,  and  the  rainfall  per 
month.  It  will  be  found  that  where  the  rainfall  drops  the  yardage 
was  largest.  The  first  two  years  the  yardage  was  low,  because 
we  were  using  French  equipment.     But  with  the  use  of  American 
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♦Further  discussion  of  Slides  can  be  found  in  our  Journal,  Vol.  XVIII, 
p.  585,  Sept.,  1913,  a  paper  by  Geo.  S.  Rice,  M.  W.  S.  E.,  entitled  "A  Sug- 
gested Method  of  Preventing  Rock  Slides." 
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equipment  the  yardage  increased,  and  for  five  years  it  averaged 
over  1,500,000  yards  per  month.  When  we  were  nearing  the  com- 
pletion of  Culebra  Cut,  the  yardage  naturally  dropped  off  and  the 
cost  naturally  increased.  Our  average  cost,  for  the  last  six  years, 
was  close  to  50c  per  cu.  yd.,  while  at  the  beginning,  up  to  1907,  it 
was  $1.37. 

Figure  3  will  give  some  idea  of  the  trouble  we  had  with  the 
slides.  This  slide  started  about  a  year  ago.  W'e  had  the  work 
all  completed  down  at  the  bottom,  and  the  slide  came  in  one  night. 
I  went  down  there  in  the  morning  and  found  the  tracks  all  pushed 
out  of  shape.  I  remember  how  discouraged  Colonel  Goethals  was. 
He  thought  it  would  require  a  year  to  get  the  material  out.  but  I 
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assured  him  that  we  could  get  it  out  in  five  months.  We  removed 
about  750.000  cu.  yd.  When  we  hrst  went  there  we  thought  we 
could  not  use  shovels  much  closer  than  a  quarter  of  a  mile  apart. 
I>ut  in  connection  with  this  slide  we  worked  four  shovels  on  each 
train  and  in  five  months  we  had  so  luuch  material  remove<l  that 
no  tuore  came  in.  and  there  has  been  little  trouble  since. 

bigures  4  and  4a  indicate  soiue  of  the  trouble  we  had  occasion- 
ally with  steam  shovels.  The  material  from  the  slide  would  move 
in  very  (|iiickly,  especially  where  there  is  a  rock  break.  (  We  never 
called  these  slides;  we  called  them  rock  breaks.)  The  rock  would 
break  off  and  actually  slide ;  then  we  would  have  to  do  some  very 
active  work  to  clear  up  the  wreckage.  We  had  a  great  deal  to 
contend   with,  bnl   the  men   were   full  of  enthiisi.ism  and  often,  in 
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clearing  a  wreck  like  this,  they  had  to  work  in  the  sun  where  the 
temperature  was  up  to  130  degrees,  and  in  rain  and  mud.  Under 
such  circumstances,  T  think  we  were  fortunate  in  accomplishing 
as  much  as  we  did. 

Figure  5  shows  a  slide  on  the  Culebra  side — the  town  of 
Culebra.  It  started  with  a  small  slide  and  kept  increasing,  coming 
in  smaller  slides  until  the  whole  thing  covers  about  75  acres. 
There  were  80  or  100  houses  in  Culebra  which  had  to  be  moved 
back  to  get  them  out  of  the  way.  Very  little  is  written  about  this 
slide,  and  yet  it  is  the  largest  one  we  have  ever  had. 

Cucaracha  slide  gave  trouble  as  long  ago  as  the  French  days, 
and  has  been  written  about  ever  since,  but  the  fact  of  the  matter 
is,  the  total  amount  of  material  taken  out  in  the  Cucaracha  slide 


Fig. 


Slide  on  Culebra   Side. 


is  a  little  less  than  4.000,000  cu.  yd.,  wliile  in  this  slide  over  8,000.000 
cu.  yd.  have  been  removed. 

Figure  6  is  a  photograph  taken  very  recently  opposite  the  toe 
of  the  Cucaracha  slide,  and  is  a  good  picture  of  that  slide.  It 
runs  away  back  into  the  mountain  about  1,700  ft.  from  the  Canal 
and  covers  an  area  of  53  acres.  Just  before  the  Gamboa  dike  was 
blown  up  it  flowed  in  clear  across  the  Canal,  but  the  plans  to  let 
the  water  in  October  10th  and  finisii  with  dredges  were  not  changed. 
The  suction  dredge  first  put  in  was  a  failure,  because  of  the  fact 
that  about  three-quarters  of  the  material  is  rock,  which  could  not 
be  handled  by  the  suction  dredge. 

Figure  7  shows  one  of  the  meanest  slides  we  ever  had.  It 
occurred  on  the  21st  of  October,   1912,  at  La  Pita,  about  a  mile 
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and  a  half  north  of  Empire.  At  one  point  we  had  a  diversion,  which 
cost  about  $1,250,000.  It  is  five  miles  long  and  was  built  almost 
parallel  with  the  Canal,  on  an  average  of  50  ft.  in  width.  There 
is  about  nine  square  miles  of  drainage  area  adjacent  to  it.  If  it 
had  not  been  for  this  diversion,  all  the  water  would  have  run  into 
the  Canal.  A  piece  of  the  soft  rock  broke  ofif  suddenly  back  to 
and  beyond  the  diversion,  and  not  only  very  nearly  covered  a 
train  of  cars,  but  let  the  diversion  water  into  the  Canal  for  fourteen 
days  before  we  could  get.  it  back  and  keep  it  out  of  the  Cut.  The 
pumps  at  Gamboa,  having  a  capacity  of  48,000  gallons  per  minute, 
were  kept  in  operation.  This  diversion  was  started  by  the  French 
for  the  purpose  of  keeping  the  water  out  of  the  Cut,  and  the 
Americans,  realizing  its  importance,  completed  it. 


Fig.  6.    View  Opposite  Toe  of  Cucaracha  Slide. 

Figure  8  will  give  some  idea  of  the  continental  divide.  The 
1)111  at  the  left  is  Gold  Hill,  and  the  one  at  the  right  is  Contractors' 
Hill.  Beyond  is  the  toe  of  the  Cucaracha  "^^lide,  just  bevond  Gold 
Hill. 

Figure  10  will  give  an  idea  of  the  south  end  of  Gatun  Lake 
a  few  months  before  the  blowing  up  of  Gamboa  dike.  The  water 
at  that  time  was  at  an  elevation  of  60  ft.  above  sea  level. 

The  ]njrpose  in  showing  Fig.  ll  is  to  explain  the  handling 
of  material.  The  main  proi)lcm  in  the  handling  of  the  material 
from  Culebra  Cut  was  to  get  the  material  out  on  the  dumps, 
unload  it,  and  get  the  empties  back  as  soon  as  possible,  and  all 
kinds  of  schemes  were  figured.  When  President  Roosevelt  was 
down  there  in  1906  he  made  the  steam  shovel  men  feel  very  good. 
He  said,  "You  are  the  boys  that  set  the  pace."  Of  course  he 
believed  that,  but  we  did  not  believe  it,  because,  no  doubt,  it  was 
the  transportation  men  that  set  the  pace  on  this  job.     It  is  a  trans- 
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portation  job,  a  railroad  job,  and  the  quicker  those  trains  are 
handled  the  quicker  we  get  out  the  material  and  at  the  lowest  cost. 
It  was  a  novel  scheme  to  handle  dirt  in  the  lake  district.  The 
river  was  something  like  8  ft.  below  the  bottom  of  the  Canal. 
We  built  a  trestle  across  the  river  and  used  Western  dump  cars ; 
as  fast  as  we  would  dump  the  dirt  into  the  river  the  water  would 
wash  it  out,  but  wc  were  careful  to  have  it  settle  below  the  surface 


F"ig.  T.     Slide  at  La  Pita. 

of  the  Canal.     The  cost  of  handling  this  material  was  only  about 
17c  per  yd. 

Figure  12  is  a  view  taken  in  October,  1912,  about  seven  days 
before  Gamboa  dike  was  blown  up.  We  did  not  attempt  to  blow 
up  the  entire  dike — just-  a  part  of  it.  The  iron  pipes  shown  we 
call  caissons.  They  are  about  5  inches  in  diameter  and  are  placed 
in  the  holes  to  keep  them  from  filling  up.  We  generally  filled  the 
top  with  wood  and  straw  to  keep  the  dirt  out.  Credit  is  due  the 
general  foreman  for  the  scheme  that  was  used  in  blowing  up 
this  dike.  The  blowing  up  of  previous  dikes  had  been  somewhat 
of  a  failure.  The  workmen  would  blow  up  the  dikes  but  the 
material  would  drop  back  in,  and  the  water  would  not  go  through. 
In  the  case  of  Gamboa  dike,  the  foreman  decided  to  put  all  the 
holes  6  ft.  apart,  but  in  100  ft.  of  the  dike,  that  is,  lengthwise  of 
the  dike;  every  other  hole  was  shallow,  only  about  10  ft.  below 
the  surface  of  the  water.  The  shallow  holes  were  loaded  heavily, 
in    fact   they    were    almost   filled,    with    dynamite,    while   the    deep 
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holes  were  loaded  lightly,  so  that  when  the  shot  was  fired  it 
simply  lifted  the  top  about  20  ft.  or  more  in  the  air  and  the  water 
rushed  through.  Dynamite  to  the  amount  of  about  16,000  lbs.  was 
e.xploded  at  one  shot. 

Figure  14  is  a  view  of  Culebra  Cut  soon  after  the  water  was 
let  in.  This  is  really  the  north  end  of  the  300  ft.  width  of 
Culebra  Cut,  eight  miles  and  a  half  long.  The  view  shows  the 
finished  Canal  with  the  water  at  full  elevation,  85  ft.  above  sea 
level,  opposite  Empire,  with  one  of  the  small  boats  running  along. 
The  Canal  at  this  point  to  Gamboa  was  entirely  completed  in  the  dry. 

Figure   15  is  a  photograph  taken  opposite  Empire  under  the 


Fig.  8.     Slidwint;   Continental   Divide. 


suspension  bridge  where  the  Canal  in  the  solid  ri)ck  wa>  entirely 
completed  in  the  dry. 

Figure  16  shows  a  set  of  barges  working  at  the  toe  of  the 
8.000,0(X)  cu.  yd.  slide  referred  to.  These  dredges  in  a  short  time 
will  have  the  channel  cleaned  out  to  the  bottom.  They  were  up 
to  full  width  about  the  first  of  Jatntary,  btu  they  have  aboiu  17  ft. 
deeper  to  go  to  clean  it  to  the  bottom. 

Many  people  imagine  that  the  main  part  of  the  work  was  the 
building  of  the  Canal,  but  mtich  was  accomplished  aside  from 
digging  the  Canal,  and  Fig  17  will  give  an  idea  of  some  of  the 
municipal  work.  Something  like  twcnty-<ine  miles  of  good  wagon 
road  with  reinforced  concrete  bridges  have  been  built,  not  from 
the  Canal  appropriation  but  with  money  collected  from  taxation 
of  the  nnlives. 
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Naos  Island  breakwater  extends  from  IJalboa  on  tlie  I'acitic 
side  to  Naos  Island,  a  distance  of  over  three  miles.  We  have  been 
working  on  it  for  eight  or  nine  years,  and  it  lacks  a  few  months 


Fig.  9.     Water  First  Entering  Gatun  Locks. 

of  completion.     We  started  by  building  trestles  out  into  the  water 
and  then  fanning  out  in  each  direction,  and  have  covered,  to  the 


Fig.  10.     South  End  of  Gatun  Lake. 

present  time,  about  320  acres.  A  railway  has  been  built  out  to 
the  island  and  trains  run  out  to  the  fortifications.  Between  Naos 
Island  and  the  next  island,  and  also  to  the  third  island,  a  causeway 
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Fig.  11.     Handling  Material. 

has  been  built.  These  islands  are  all  heavily  fortified,  and  one 
or  two  of  the  guns  have  been  mounted.  On  the  breakwater  are 
some  large  disappearing  guns,  or  will  be.  A  boat  entering  that 
port  will  have  to  pass  within  about  900  ft.  of  these  fortifications. 


Fig.  12.     Preparing  to  Blow  Up  Gamboa  Dike. 
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111  the  early  days  of  the  Panama  Canal  construction,  it  was 
quite  hard  to  keep  young  men  on  the  Isthmus.  In  fact,  more 
returned  to  the  States  on  account  of  homesickness  than  from  any 


Fig.  13.     Gamboa  Dike,  After  Firing  the  Shot. 


Other  reason.  So  the  commissioner  thought  of  the  plan  of  building 
club  houses.  They  are  called  Y.  M.  C.  A.'s  but  are  more  like  an 
ordinary  club  house,  with  billiard  and  pool  rooms,  and  all  sorts 


Fig.  13a.     After  Blowing  Up  of  Gamboa  Dike. 

of  amusements.  A  great  deal  of  money  was  spent  in  building  these 
club  houses  in  the  different  little  towns  along  the  line,  each  one 
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costing  about  $34,(X)0.  l)Ut  lliey  liave  been  self-sustaining,  and  have 
been  a  large  factor  in  making  the  people  more  contented. 

During  the  days  of  greatest  progress  of  the  Canal,  one  of  the 
largest   machine   shops   on   the   Isthmus   was  located  at   Gorgona, 


li^^^H 

j^^^^^^F^^^^^^^^^^^^^^^^r 

F"ig.   14.     Culebra  Cut  Soon  After  Water  Was  Let  In. 

where  the  population  was  some  7,000.  Today  that  town  is  entirely 
covered  by  Gatun  Lake.  The  buildings,  together  with  the  railroad 
tracks  and  the  shop,  were  all  removed.     You  will  readily  under- 


FIr.    1"..     \'ie\v    Taken  Opposite   I'.mpiro. 


stand  that  it  has  been  a  big  job  down  there  to  clear  away  builijing^ 
and  re-erect  them. 

i'igure  18  shows  a  ])icturc  of  my  own  home,  which  is  typical 
i)i   the   homes    furnished   the   engineers   rmd   others   living  on   the 
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Isthmus.  The  shrubbery  around  the  house  is  only  about  three  or 
four  years  old.  The  Government  sent  Professor  Schultz  from  the 
Agricultural  Department  to  help  beautify  the  I?thmus.     Tn  addition, 


Fig.  16.     Barges  Working  at  Toe  of  Culebra  Cut. 

Professor  Schultz  experimented  on  vegetables  of  all  kinds  and  in 
the  one  year  that  he  experimented  at  Empire  he  found  that  almost 
everything   could    l)e    grown    on    the    Isthmus.      The    hedges    and 


Fig.  17.     Wagon  Road  with  Reinforced  Concrete  Bridge. 

different  kinds  of  shrubbery  that  he  set  out  were  afterwards  main- 
tained by  the  quartermaster's  department  at  small  cost  and  added 
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greatly  to  the  beauty  of  the  homes.  Tlie  houses  are  screened  with 
fine  copper  wire  so  that  even  a  mosquito  cannot  get  through  ;  but 
we  seldom  see  a  mosquito  or  a  fly  there  now. 

The  first  houses  built  were  ceiled  on  the  inside,  but  it  was 
found  it  was  not  only  expensive  but  a  great  many  cockroaches  and 
vermin  of  all  kinds  got  in  between  the  outside  and  inside  walls. 
So  the  last  houses  built  are  without  any  ceiling  on  the  inside,  to 
make  them  more  sanitary.  The  house  rent,  rugs,  furniture,  electric 
light  and  coal  are  furnished  by  the  United  States  Government. 
The  only  things  we  have  to  pay  for  are  our  groceries  and  ice. 

President  Lee:  We  have  with  us  another  engineer  from  the 
Panama  Canal  who  spent  a  number  of  years  there,  and  the  first 
speaker  of  the  evening,  who  is  a  member  of  the  vSociety,  requests 


Fig.  18.    Typical  View  of  Monies  on  the  Isthmus. 


that  he  introduce  him.      I   am  glad  to   facilitate  the  arrangement. 
Mr.  Zinn  will  introduce  his  friend,  Mr.  Cornish. 

Mr.  Zinn:  I  have  done  a  little  designing,  and  realize  the  great 
pains  and  attention  one  has  to  use  on  plans,  and  every  engineer  on 
the  Canal  appreciates  the  important  part  that  the  designing  engineers 
played  in  the  construction  of  the  Canal.  You  read  very  little  about 
them  in  the  papers  or  even  in  books  that  have  been  written  about 
the  Canal.  Yet  if  T,  and  T  believe  other  engineers  will  agree  with 
me,  were  to  name  the  engineers  that  played  one  of  the  most  impor- 
tant parts  in  the  construction  of  the  Canal,  I  would  give  credit 
to  the  designing  engineers.  We  have  with  us  tonight  a  member 
of   the   .\nierican    Socicl\    of   Civil    Engineers,    Mr.    Cornish,    who 
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will  talk  about  the  design  of  the  locks  and  spillways.     He  is  the 
designer  of  the  locks. 

L.  D.  Cornish:'^  Mr.  President  and  Gentlemen:  I  desire  to 
thank  Mr.  Zinn  for  the  courteous  and  thoughtful  manner  in  which 
he  has  introduced  me. 

Having  been  given  the  privilege  of  addressing  you  on  the 
subject  of  the  design  and  construction  of  the  locks  and  spillways 
of  the  Panama  Canal.,  and  of  listening  to  the  interesting  description 
of  the  Canal  work  in  general,  as  given  by  Mr.  Zinn,  the  speaker 
thought  that  as  the  majority  of  those  present  are  engineers,  it 
might  be  of  interest  to  them  to  hear  first  a  few  remarks  by  one 
long  connected  with  the  Canal  work,  concerning  the  personal 
achievements  of  some  of  the  men  who  have  been  responsible  to 
a  greater  or  lesser  degree  for  the  successful  accompHshment  of 
that  great  work. 

To  many  of  the  men  on  the  Isthmus,  the  greatest  achievement 
of  Mr.  Roosevelt,  with  reference  to  the  Canal,  was  his  so-called 
'Taking  the  Canal  from  Colombia."  The  Hay-Herran  treaty, 
which  embodied,  with  but  slight  modifications,  all  the  propositions 
previously  presented  by  Colombia,  was  agreed  to  by  the  Colombian 
representative,  Dr.  Herran,  and  ratified  by  the  United  States 
Senate,  but  the  Colombian  Congress  refused  to  ratify  it  and 
attempted  a  hold-up  to  obtain  more  money  from  the  United  States 
and  from  the  French  Canal  Company.  Soon  after  the  Colombian 
Congress  adjourned,  the  State  of  Panama  declared  its  independence. 
The  Panama  revolution  occurred  November  3,  1903,  and  on  Novem- 
ber 2,  1903,  orders  were  sent  to  the  United  States  naval  vessels 
Nashville,  Boston  and  Dixie,  which  were  near  Colon,  to  "prevent 
landing  of  any  armed  force,  either  government  or  insurgent,  at 
any  point  within  50  miles  of  Panama."  As  there  were  no  insurgent 
forces,  with  the  exception  of  1,500  in  the  city  of  Panama,  the 
execution  of  that  order  assured  the  success  of  the  revolution  and 
the  only  casualty  was  the  usual  "innocent  spectator."  in  this  case, 
an  alien  Chinaman,  killed  by  one  of  the  two  shells  fired  by  a 
Colombian  gun-boat.  Mr.  Roosevelt  has  been  accused  of  the 
unwarranted  use  of  United  States  forces  in  abetting  the  Panama 
revolution.  If  his  action  was  contrary  to  law,  is  he  not  entitled 
to  great  praise  and  credit  for  his  daring  action,  to  obtain  for  the 
benefit  of  the  world  at  large  an  early  completion  of  the  Canal? 
If  he  had  not  acted  as  he  did.  very  probably  the  Panama  Canal 
would  still  be  but  a  dream  to  talk  about,  instead  of  an  accomplished 
fact,  as  it  is  today. 

It  is  a  saying  of  engineers  that  "one  learns  the  most  from 
failures,"  and  this  is  borne  out  by  the  results  achieved  by  John  F. 
Wallace,  the  first  Chief  Engineer  of  tlie  Isthmian  Canal  Commis- 
sion. To  Mr.  Wallace  and  all  engineers  it  was  evident  that  only 
failure  could  result  from  attempting  to  prosecute  the  work  with  the 
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antiquated  machinery  then  on  tlie  Isthmus,  or  to  accomplish  satis- 
factory results  until  the  type  of  canal  was  finally  decided,  prepara- 
tory work  and  sanitation  well  under  way,  and  arrangements  made 
for  the  prompt  supply  of  materials  and  efficient  men.  The  public, 
however,  was  persistent  in  demanding  immediate  results  in  the 
way  of  excavation,  and  to  Mr.  Wallace  fell  the  thankless  task  of 
teaching  the  public,  by  his  own  failures,  the  futility  of  attempting 
to  acconi])lish  something  worth  while  with  comparatively  nothing 
to  work  with,  lie  courageously  attacked  the  problem,  thoroughly 
tried  out  the  French  equipment,  and  conclusively  proved  its  unfitness 
for  the  task  before  him,  showed  up  the  weakness  and  inefficiency 
of  the  organization  in  the  States,  which  could  not  fill  his  requisi- 
tions for  material  and  supplies  until  after  months  of  unnecessary 
delay,  and  ])roved  the  fallacy  of  selecting  skilled  mechanics,  artisans, 
foremen,  etc.,  by  the  then  existing  methods  of  the  Civil  Service 
Commission.  The  lessons  taught  l)y  these  failures  were  of  great 
material  benefit  and  brought  out  the  advantages  of  a  greater  con- 
centration of  power  which  was  acconijjlished  by  the  duties  con- 
ferred upon  the  three  executive  heads  of  the  second  C"ommission. 

Civil  Service  diffi-culties  are  responsible  for  the  following 
story :  In  the  early  days  toiler  makers  were  badly  needed  and  a 
request  for  twenty  was  made  in  the  regular  way.  Some  time 
elapsed  and  the  following  cables  passed  between  the  Isthmus  and 
Washington : 

Isthmus  to  Washington :  "Why  have  you  not  sent  boiler 
makers,  as  per  my  cable?" 

The  reply:  "b'orty  a]^plicants  examined;  all  failed  account  of 
defective  hearing." 

Isthmus  to  Washington:  "Never  knew  of  good  boiler  maker 
that  could  hear.  .Send  twenty  of  the  deaf  applicants  as  soon  as 
possil)le." 

It  is  well  known  to  all  of  you  how  quickly  Theodore  P.  Shouts, 
the  Chairman  of  the  Second  Commission,  and  John  F.  Stevens,  the 
second  Chief  Engineer,  each  vested  with  greater  authority  than  his 
predecessor,  and  working  harmoniou.sly  together,  brought  order 
out  of  chaos  and  little  can  be  said  now  without  repetition,  but  so 
far  as  the  speaker  is  aware,  Mr.  Shouts  never  has  been  given  credit 
publicly  for  winning  a  certain  great  victory  during  a  most  critical 
period  of  Canal  history.  .\  majority  of  the  International  Consulting 
P>oard,  appointed  bv  President  Roosevelt  to  investigate,  confer  and 
recommend  as  to  the  type  of  Canal  which  should  be  constructed, 
recoiumended  a  sea  level  canal,  whereas  a  minority  report  recom- 
mended the  lock  canal.  .'\t  the  present  time  there  are  but  few 
jjcople  who  will  not  acknowledge  that  the  final  decision  in  favor 
of  the  lock  canal  was  the  proper  one.  but  at  that  time  the  adherents 
of  the  sea  level  route  were  many  and  powerful  and  a  bitter  fight 
was  made  by  the  press  and  in  the  Sen.ate  by  the  sea  level  advocates. 
Mr.  Shouts  realized  fully  the  practicability  of  the  lock  canal  under 
any  condition   of   traffic   reasonably   to  be  expected   and.   knowing 
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(hat  it  could  he  constructed  within  reasonahle  limits  of  time  and 
money,  he  recommended  to  the  President  the  adoption  of  the  minor- 
ity report  and  then  labored  unceasingly  in  behalf  of  the  lock  canal 
project,  furnishing  the  ammunition  and  largely  directing  the  fight 
waged  in  the  Senate  which  ultimately  resulted  in  the  adoption, 
by  the  narrow  margin  of  five  votes,  of  the  lock  canal  plan.  To  Mr. 
Shouts  is  due  the  credit,  far  more  than  to  anyone  else,  that  the 
Ignited  States  has  today  a  completed  lock  canal  instead  of  a  half 
completed  sea  level  canal. 

Much  has  been  said  of  the  loyalty  and  es[^rit  dc  corps  shown 
I)y  the  men  of  the  organization  on  the  Isthmus,  and  to  the  speaker 
none  of  the  achievements  of  John  F.  Stevens  was  of  greater  value 
to  the  work  as  a  whole  than  that  of  having  engendered  that  spirit 
of  pride  and  loyalty  to  himself  and  the  work,  so  deeply  in  his  men, 
by  his  own  personal  magnetism,  that  it  has  endured  and  grown, 
until  now  loyalty  to  the  job  comes  first  in  the  hearts  of  every  Canal 
employe.  The  love  of  the  men  for  John  F.  Stevens  is  past  under- 
standing, and  the  greatest  regret  of  hundreds  of  the  old  timers  on 
the  Canal  is  that  he  has  never  returned  there  to  give  them  the 
opportunity  of  welcoming  him  by  an  ovation  never  yet  accorded  to 
an}'  other  personage. 

The  work  of  Col.  W.  C.  Gorgas,  in  sanitation,  has  won  him  an 
international  re]xitation,  and  his  diplomacy  and  skill  in  dealing 
with  the  Latin-American  temperament  is  such  that  the  Panamanians 
say  of  him  that  he  treats  their  complaints  in  such  a  diplomatic  way 
that  they  retire  from  an  interview  perfectly  satisfied,  only  realizing 
when  too  late  that  they  have  failed  to  accomplish  the  purpose  of 
their  mission.  Flis  ability  to  conciliate  the  fault  finding  Panaman- 
ians was  remarkable  and  of  material  value,  as  they  submitted  with 
ill  grace  to  the  rigid  rules  and  regulations  of  the  sanitary  depart- 
ment. 

Colonel  Goethals,  the  present  Chairman  and  Chief  Engineer, 
once  publicly  spoke  of  Col.  H.  F.  Hodges,  Commissioner  and  As- 
sistant Chief  Engineer,  as  the  engineering  genius  of  the  Canal,  a 
fitting  tribute  to  the  man  who,  in  addition  to  other  duties,  has  had 
full  charge  of  the  design  of  the  locks  and  their  appurtenances,  since 
July,  1908,  and  has  been  the  chief  reliance  and  consultant  of  the 
Chairman  and  Chief  Engineer  in  all  engineering  matters.  Colonel 
Hodges  is  a  master  of  theory  and  design  in  engineering,  and  while 
his  designing  organization  was  subdivided  wdth  experts  in  a  par- 
ticular line  in  charge  of  each  subdivision,  yet  his  assistants  found 
that  there  was  no  problem  of  design  which  they  could  present  to 
him  which  was  so  intricate  or  involved  that  he  could  not  delve  into 
the  mathematics  of  and  satisfy  himself  regarding  its  details. 

Col.  Wm.  L.  Sibert,  Commissioner,  Division  Engineer  of  the 
Atlantic  Division,  and  the  builder  of  the  Gatun  Locks  and  Dams, 
acquired  fame  as  a  lock  and  dam  expert  from  his  successful  design 
and  construction  of  locks  and  dams  on  the  Alleghany,  Monong'ah.ela 
and  Ohio  Rivers,  during  the  five  years  preceding  his  appointment 
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on  the  Isthmian  Canal  Commission.  He  possesses  that  rare  faculty 
of  being  able  to  see  through  a  mass  of  intricate  detail  and  accu- 
rately pick  out  the  vital  or  fundamental  principles  governing  the 
problem  at  hand.  He  has  an  inherent  dislike  for  details  but  de- 
lights in  delving  into  the  big  problems.  His  study  of  the  Gatun 
Dam  was  extensive  and  the  design  which  he  proposed  and  recom- 
mended is  the  same  in  all  its  essentials  as  the  plan  finally  adopted 
and  to  which  the  dam  has  been  built. 

E.  J.  Williams,  a  Chicago  man,  was  the  disbursing  officer  of 
the  company,  who  expended  $250,000,000  without  an  error  and  so 
skilfully  arranged  his  disbursements  that  he  was  able  to  disburse 
$200,000,000  with  only  $6,000,000  of  actual  cash  imported  during 
the  entire  period,  thus  paying  out  each  dollar  about  Z2>  times.  His 
pay  roll  each  month  was  about  $3,000,000,  which  he  paid  with 
$1,000,000. 

During  the  first  two  years  of  Canal  work,  the  funds  necessary 
to  meet  the  Canal  expenses  on  the  Isthmus  were  obtained  from  the 
bankers  of  Panama,  at  a  cost  of  1%.  Mr.  Williams,  in  order  to 
save  this  expense  and  to  facilitate  the  rapid  circulation  of  money  on 
the  Isthmus,  with  his  vaults  as  the  ultimate  depository,  worked  for 
and  finally  succeeded  in  having  the  bankers  agreement  discontinued 
and  also  obtained  the  establishment  of  Money  Order  departments 
in  the  Post  Offices  of  the  Canal  Zone.  With  the  establishment  of 
these  two  features,  all  funds  paid  out  by  him  quickly  reached  the 
banks  or  Post  Offices  and  were  returned  to  him  in  exchange  for 
drafts  on  the  Sub-Treasury  at  New  York.  These  drafts  were  a 
distinct  favor  to  the  banks,  although  the  United  States  had  previ- 
ously been  paying  for  the  privilege  of  doing  them  that  favor.  These 
achievements  of  Mr.  Williams  saved  the  Cnited  States  approxi- 
mately $2,500,000. 

Edward  Schildhauer,  the  Electrical  and  Mechanical  Engineer 
of  the  Commission,  formerly  with  the  Commonwealth  Electric  Com- 
pany of  Chicago,  was  in  charge  of  the  design  and  erection  of  all 
the  machinery  for  lock  operation  and  is  the  inventor  and  patentee 
of  the  miter  gate  <)])erating  mechanism  and  the  method  of  towing 
ships  through  the  locks,  previously  described  by  the  speaker,  as  well 
as  other  devices  not  mentioned. 

Henry  Goldmark.  a  member  of  this  ."society  and  designer  of 
some  of  the  buildings  of  the  Columbian  I^xposition,  was  the  De- 
signing Engineer  in  charge  of  the  design  of  the  miter  gate,  chain 
fenders,  and  caissons. 

There  arc  numerous  other  men  wlio  have  rendered  faithful 
and  valuable  services  in  completing  the  big  ditch,  but  time  would 
not  permit  including  all  of  those  who  deserve  to  be  mentioned. 

The  following  illustrations  may  furnish  some  information  of 
interest  in  rcgaril  to  the  design  and  construction  of  the  locks  and 
spillways  of  the  Canal : 

Figure  19  is  a  perspective  view  of  the  center  wall,  showing  the 
shape  of  the  culvert  a!id  one  of  the  Stoney  valve  chambers.     The 
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purpose  of  the  picture  is  to  show  the  operating  tunnel  in  the  center. 
Those  operating  tunnels  run  the  entire  length  of  each  one  of  the 
lock  walls,  both  sides  and  center.  The  upper  portion  of  the  tunnel 
is  a  passageway  which  connects  with  all  the  machinery  chambers 
in  the  lock  walls,  so  that  the  operatives  can  readily  gain  access  to 
the  operating  machinery.  In  the  lower  portion  is  a  drainage  culvert. 
The  heavy  rainfall,  of  which  Mr.  Zinn  has  spoken,  required  that  we 
have  efficient  drainage  culverts  to  take  care  of  the  surface  water 
which  would  fall  on  the  lock  walls.  The  water  is  conducted  by 
drains  into  this  culvert  and  passed  down  to  the  lewder  level  of  the 


Fig.  19.     Perspective  View  of  Lock  Masonry. 


locks,  where  it  drains  into  the  lowest  water  level.  Between  the 
drainage  culvert  and  the  operating  tunnel  is  located  the  electric 
conduit  system.  All  the  electric  cables  for  supplying  power  to  the 
machinery  were  placed  between  those  two  tunnels,  access  to  the 
cables  being  by  manholes  at  freq.uent  intervals. 

Figure  20  gives  a  fair  idea  of  the  comparative  size  of  the 
Gatun  Lock  walls,  which  are  typical  of  all  the  other  walls.  This 
wall  is  approximately  80  ft.  from  the  floor  to  the  coping.  In  the 
lock  chamber  is  shown,  to  the  same  scale,  an  ordinary  six-story 
building.    In  the  main  culvert,  which  is  18  ft.  in  diameter,  is  shown 
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an  ordinary  locomotive.  A  team  of  horses  and  a  wagon  are  shown 
in  the  lateral  culvert  and  a  man  standing  on  one  of  the  steps  on 
the  back  of  the  wall. 

Figure  21  is  a  section  of  the  valve  chamber  which  is  the  main 
control  of  the  water  in  the  culverts.  The  culvert  itself.  18  ft.  in 
diameter,  is  divided  into  two  parts  at  the  valve  chamber  by  a  central 
pier.  At  each  side  of  the  pier  is  an  opening  8  by  18  ft.  dosed  by  a 
rising  stem  gate  valve  which  rests  against  a  train  of  live  rollers. 
The  inventor  of  the  roller-bearing  gate  was  named  Stoney,  from 
whom  the  Stoney  gate  gets  its  name.  These  gates  are  similar  to 
those  used  in  the  Chicago  Drainage  Canal.  For  a  short  distance 
each  side  of  the  gate  the  entire  culvert  is  lined  with  cast  iron  plates 


—  SKjE    wall     of    locks   COMOARfo    WITH    SIX-8T0RY    BUIUOINQ 

(18  ) 

V\^.  20.     In   Illustration  of  Majinitudc  of  Lock   Walls. 


to  resist  erosion  from  the  high  velocity  of  the  water  as  the  gate  is 
l)artially  opened.  When  the  valve  is  partly  open  the  velocity  is  due 
to  a  60  ft.  head  with  but  a  slight  reduction  due  to  friction.  The  bot- 
tom water  seal  is  made  by  the  contact  of  the  Imttom  of  tiic  gate 
with  a  strip  of  soft  l)abbitt  in  the  floor  casting.  The  top  seal  has  a 
piece  of  rubber  so  adjusted  that  when  the  valve  is  resting  on  the 
floor  there  is  sufficient  compression  in  the  rubber  to  preveiU  any 
leakage  of  water.  The  main  source  of  leakage  from  this  type  of 
valve  is  always  due  to  the  vertical  seals.  Frecjuently,  in  fact  in 
nearly  all  cases,  the  vertical  seals  are  merely  hinged  pipes  supposed 
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to  swing  against  the  walls  from  the  pressure  of  the  water.  In  this 
case  we  wanted  something  more  dependable  than  that,  so  a  spring 
seal  was  devised.    A  is  a  section  of  the  gate ;  B  a  casting  attached 
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to  the  wall,  and  C  is  a  cold  rolled  steel  bar  attached  to  the  casting. 
At  D  is  shown  a  curved  bronze  spring,  and  at  E  strips  of  metal 
with  curved  faces.  The  spring  is  so  adjusted  that  there  is  always 
sufficient  tension  in  it  to  keep  a  tight  contact,  and  as  the  gate  has  a 
lateral  motion  of  %  inch,  castings  E  are  placed  so  that  the  water 
pressure  on  the  very  thin  spring  could  not  cause  it  to  deflect  suffi- 
ciently to  exceed  the  elastic  limit  of  the  spring  material. 

Figure  22  shows  the  operating  machinery  for  the  rising  stem 
gate  valves.  The  valve  itself  is  in  a  raised  position  just  below  a 
water  tight  bulkhead,  through  which  passes  the  valve  stem  con- 
nected to  the  valve  near  its  center  and  to  a  cross  head.  On  each 
end  of  the  cross  head  is  a  nut  which  encircles  a  vertical  screw.  The 
screws  are  revolved  by  an  electric  motor  through  a  train  of  gears, 
and  the  cross  head  raised  or  lowered  and  with  it  the  stem  and  gate. 

Figure  23  is  one  of  the  cylindrical  valves  used  to  close  the  ceii- 
ler  wall  lateral  culverts.  The  part  A  is  tied  into  the  concrete ;  B 
is  a  fixed  cylinder  bolted  to  .  I ;  C  is  a  moving  cylinder  which  has  a 
vertical  range  of  about  3  ft ;  />  and  C  are  so  arranged  that  by  re- 
moving certain  bolts  and  collapsing  cylinders  B  and  C,  the  two 
cylinders  can  be  taken  out  of  the  chamber  and  placed  on  the  lock 
wall  for  repairs  or  renewal.  D  is  the  b<)ttom  casting,  which  forms 
the  base  or  seat  of  the  value.  The  seal  of  the  vallve  is  shown  in 
detail.  These  valves  have  to  take  pressure  in  either  direction,  and 
for  pressure  downward  a  leather  seal  is  provided,  segmental  in 
shape,  spanning  the  opening,  which  is  quite  narrow  between  the 
fixed  part  B  of  the  valve  and  the  moving  part  C.  For  pressure  in 
the  upward  direction  a  similar  piece  of  leather  performs  the  same 
function. 

Figure  24  shows  a  machine  that  has  probably  been  talked  about 
more  tlian  any  other  machine  used  in  the  locks.  Tt  is  a  new  miter 
gate  operating  machine.  The  miter  gate  is  shown  moved  out  a  few 
feet  from  the  gate  recess  This  machine  consists  of  a  gear  wheel 
18  ft  in  diameter  connected  by  gears  to  the  motor  located  in  the 
motor  room.  On  the  perimeter  of  the  wheel  is  attached  a  strut 
which  runs  over  and  is  connected  to  the  gate.  On  the  gate  end  of 
the  strut  is  a  nest  of  springs  to  take  care  of  shocks  when  the  gate  is 
being  opened  or  closed.  The  motor  runs  at  a  constant  speed ;  dur- 
ing o]^eration,  at  the  commencement  and  end  of  the  opening  or  clos- 
ing of  the  gate,  the  motion  is  very  slow  but  with  great  power.  As 
the  gate  moves  out.  the  motion  accelerates  to  the  middle  point  and 
then  gradually  slows  down  to  the  point  where  the  gates  are  about  to 
miter.  In  other  words,  at  the  two  critical  jioints  of  opening  or 
closing  the  gates,  they  move  very  slowly.  It  is  particularly  neces- 
sary to  have  a  gate  of  this  size  move  slowly  when  it  is  entering  or 
leaving  the  recess.  Tf  it  moves  too  fast  in  cither  direction,  there 
is  bound  to  be  a  head  of  water  created  on  one  side  or  the  other  of 
the  gate  by  reason  of  the  water  not  being  able  to  flow  fast  enough, 
into  or  out   fmm  the  gate  recess,  to  avoid  the  creation  of  a  head 
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Fig.  22.    Stoney  Gate  Valves  Controlling  the  Water  Supply  to  the  Locks. 
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Fig.  23.    Cylindrical  Valves  Controlling  the  Water  Flow  in  the  Lateral   Culverts. 
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»— LOCK     GATE    OPERATING     MACHINE    SHOWING     RELATION    OF    BULL    WKEEL    TO    STRUT 
AND     GATE 

(A;  Strut  or  Connecting  Rod.     (B)   Bed  Plate.     (C)   Bearing  Wheel. 

Fig.  24.     Machinerj'  for  Swinging  the  Lock  Gates. 
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A  special  shape  of  recess  to  give  a  gradually  increasing  opening, 
was  designed. 

Figure  25  shows  crudely  the  emergency  dam  which  is  placed 
at  the  upper  end  of  all  locks  to  enable  the  lock  chamber  to  be  closed 
off  in  case  of  an  accident  \\-hich  would  permit  an  uninterrupted  flow 
of  water  through  the  locks,  as  occurred  at  the  "Soo"  some  two 
years  ago.  The  dam  is  shown  in  its  ordinary  position  on  the  lock 
wall,  this  being  an  end  view.  It  is  also  shown  when  it  is  across  the 
lock  to  close  ofif  the  channel.  The  dam  consists  of  a  swing  bridge 
which  revolves  on  a  center  bearing,  the  machinery  being  on  the  ex- 
treme shore  end  and  connecting  with  a  segmental  rack.  In  case 
of  an  accident  of  the  kind  provided  for,  the  velocity  of  the  water 
would  be  about  24  ft.  per  second,  and  the  dam  is  swung  around ; 


Fig.  26.     Typical  Lighthouse. 


and  the  outer  ends  of  the  girders,  which  are  shown  in  their  hori- 
zontal position  in  the  end  view  and  in  their  vertical  position  in  the 
other,  are  lowered  by  machiner}'  until  their  bottom  bears  against  a 
seat  provided  for  them.  These  girders  are  in  pairs  trussed  to- 
gether to  give  rigidity  and  oflfer  very  little  surface  for  the  dynamic 
action  of  the  flowing  water.  After  the  girders  arc  in  position,  rec- 
tangular gates  on  roller  bearings  are  lowered,  one  or  more  at  a 
time  as  desired,  until  the  entire  area  is  gradually  closed  off  and  the 
flow  of  the  water  checked  from  the  bottom  of  the  channel  to  the 
surface.  » 

On  account  of  the  danger  to  the  lock  gates  and  the  damage 
which  might  ensue,  the  plan  was  adopted  of  towing  the  ships 
through  the  locks  by  electric  towing  locomotives,  operated  by  pinion 
and   rack.     One  locomotive  on  the  side  wall   and   another  on   the 
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center  wall  will  take  the  vessel  in  tow  and  pull  it  through  the  locks. 
Astern  will  be  two  locomotives,  one  on  each  wall,  with  lines  to  the 
ship  ready  to  retard  or  stop  the  vessel  if  desired. 

The  lighthouse  shown  in  Fig.  26  is  typical  of  all  the  light- 
houses used  on  the  Isthmus  for  the  complete  lighting  of  the  Panama 
Canal.  Probably  no  canal  in  the  world  is  so  well  lighted  as  the 
Panama  Canal  will  be.  It  is  thoroughly  lighted  from  end  to  end, 
so  that  navigation  can  go  on  just  as  well  at  night  as  in  the  day  time. 
The  lighthouses  are  of  reinforced  concrete,  containing  several  orig- 
inal features,  and  they  are  about  the  cheapest  lighthouses  which 
iiave  ever  been  built.  They  were  designed  by  Walter  F.  Beyer, 
who  at  one  time  was  in  the  U.  S.  Engineer  Department  and  de- 
signed some  of  the  lighthouses  for  the  Great  Lakes. 
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UNIVERSAL  USE  OF  ELECTRICITY  ON 
THE  PANAMA  CANAL 

D.  P.  Gaillard. 

Presented  May  2^,  1914,  before  the  Electrical  Section,  W .  S.  E., 
and  Chicago  Section,  A.  I.  E.  E. 

That  electricity  is  to  be  extensively  used  in  the  operation  of 
the  Panama  Canal,  most  of  you  know;  but  I  doubt  if  many  who 
have  not  been  closely  identified  with  the  work  on  the  Isthmus 
appreciate  the  extent  to  which  it  monopolizes  the  field  throughout 
the  Canal  Zone.  All  the  lighting  of  locks,  towns,  buildings,  and 
Canal  will  of  course  be  electric  with  the  exception  of  some  of  the 
high  power  lighthouses.  The  power  used  by  all  the  stationary 
equipment,  with  practically  no  exceptions,  will  be  furnished  by  elec- 
tric motors,  in  nearly  every  case  directly  connected  to  the  machines 
they  drive,  without  the  interposition  of  any  hydraulic  or  pneumatic 
devices.  And  when  the  Panama  Railroad  is  electrified,  as  is  seri- 
ously contemplated,  electricity  will  then  furnish  the  power  for  prac- 
tically all  the  land  equipment,  stationary  or  movable,  used  in  con- 
nection with  the  operation  of  the  Canal  and  its  accessories.  In 
other  words,  the  electrification  of  the  Canal  Zone  will  then  be  com- 
plete. And  in  addition  to  furnishing  light  and  power,  electricity 
will  be  applied  to  various  other  uses,  some  of  the  most  important 
of  which  are  in  connection  with  the  telephone  and  telegraph  sys- 
tem, the  automatic  railway  signaling  system,  and  last,  but  by  no 
means  least,  in  connection  with  the  coast  defenses  of  the  Canal 
Zone  where  its  applications  are  numerous  and  important. 

As  illustrative  of  this  vital  part  that  electricity  plays  in  the 
operation  of  the  Canal,  it  is  interesting  to  note  that  one  of  the 
few  officials  provided  for  in  the  recent  order  of  President  Wilson 
which  outlined  the  permanent  organization  was  an  electrical  engi- 
neer, who  will  be  subordinate  only  to  the  Engineer  of  Maintenance 
and  to  the  Governor  of  the  Canal. 

This  universal  use  of  electricity  in  its  various  applications  is 
perhaps  natural  when  we  remember  that  all  the  designs  for  the 
present  Canal  under  the  American  regime  have  been  prepared  well 
v/ithin  this  "age  of  electricity."  There  were,  moreover,  on  the  Isth- 
mus no  existing  non-electrical  power  nor  lighting  systems  already 
intrenched  on  the  field. 

I  hesitated  somewhat  in  accepting  the  invitation  of  the  Section 
to  prepare  this  paper  because  other  papers  dealing  with  various 
aspects  of  the  Canal  have  been  presented  before  you  comparatively 
recently.  But  I  felt  that  while  the  scheme  of  electrical  operation 
of  the  locks,  as  well  as  some  of  the  other  features  of  the  installa- 
tion, might  be  generally  known,  the  extent  to  which  electricity  has 
the  exclusive  field,  not  only  there  but  throughout  the  Canal  Zone, 
might  not  be  so  generally  understood.     And  my  recent  work  on 
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the  Canal  has  given  me  a  Hvely  appreciation  of  the  universality  of 
its  use. 

It  is  my  ])urpose  tonight  to  try  to  give,  with  the  aid  of  lantern 
slides  (prepared,  for  the  most  part,  from  official  photographs), 
some  idea  of  the  extent  to  which  the  Canal  and  all  its  accessories 
have  been  electrified,  and  in  doing  this,  to  describe  briefly  the  sys- 
tem as  a  whole,  not  attempting  to  go  into  the  technical  details  of 
any  of  its  constituent  parts,  unless  it  l)e  in  answering  questions 
that  may  be  asked. 

The  situation  on  the  Isthmus  in  regard  to  the  generation  and 
utilization  of  energy  is  briefly  this :  There  are  four  main  centers 
of  load — Gatun,  where  the  Atlantic  Locks  are,  Miraflores,  for 
the  Pacific  Locks,  and  Cristobal  and  Balboa  at  the  two  ends  of 
the  Canal  where  are  located  the  wharves,  drydocks,  shops,  coaling 
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Fie;.  27.     (Icneral    I'laii   of  Clatiin    Hydroelectric   Station. 

plants,  and  the  other  essentials  of  modern  seaports.*  In  addition 
to  these  there  are  smaller  centers  of  load  at  the  Naval  Radio  Sta- 
tion in  the  middle  of  the  Isthmus,  at  the  various  pumping  ])lants 
along  the  line,  and  at  each  of  the  permanent  villages  and  military 
reservations.  The  source  of  energy  available  is  the  water  of  Gatun 
Lake  not  needed  for  lockages,  which  would  otherwise  be  wasted 
over  the  spillway  of  the  dam. 

The  power  system  merely  transfers  this  energy  from  the  ("latuu 
s])illway  to  these  load  centers,  and  consists  of  the  hydroelectric 
plant,  together  with  the  reserve  steam  plants,  the  transmission  sys- 
tem, an(l  the  various  substations  with  their  respective  distribution 
systems. 

In  considering  this  installation  it  must  be  remembered  that 
continuitv  of  ser\ice  under  the  most  adverse  conditions  is  an  abso- 
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lute  necessity.  Such  is  the  importance  of  the  Canal  as  a  military 
asset  of  the  United  States,  and  so  serious  are  the  consequences  that 
might  ensue  from  even  a  single  day's  delay  to  our  ships  in  case 
of  war  with  a  first  class  power  (on  account  of  the  importance  of 
the  time  element  in  modern  naval  strategy),  that  there  is  ample 
justification  for  a  more  extensive  and  expensive  system  of  safe- 
guards in  the  way  of  duplication  of  all  essential  elements  than 
would  ordinarily  be  the  case.  And  it  is  a  striking  tribute  to  elec- 
trical operation — one  that  perhaps  would  not  have  been  granted  a 
few  years  ago — that  when  reliability  at  all  times  is  so  essential, 
electricity  was  chosen  to  do  the  work. 

The  hydroelectric  plant  at  Gatun  illustrated  in  Figs.  27  and  28 
which  has  an  installed  capacity  of  6,000  kw.,  operates  under  a  nor- 


Fig.  28.     Gatun  Hydroelectric  Station  and  Spillway,  Lookini;-  Up  Stream. 


mal  effective  head  of  77  ft.  The  maximum  demand  of  this  plant 
takes  but  7%  of  the  minimum  water  supply  available,  which  leaves 
more  than  enough  water  for  all  the  lockages  that  can  be  made  if 
the  locks  are  operated  continuously— a  condition  that  will  not  arise 
for  many  years. 

At  present  but  three  2000  kw.  units  are  installed,  but  provision 
has  been  made  for  three  additional  units  to  be  installed  whenever 
the  demands  on  the  station  render  this  necessary,  that  is,  when  the 
railroad  is  electrified.  The  plant  is  constructed  on  the  unit  prin- 
ciple, each  unit  being  entirely  independent  from  headgates  to  con- 
trol panel. 

The  gates  are  of  the  rising  stem  type  operated  by  motors  in 
the  gate  house ;  the  penstocks  are  of  heavy  steel  encased  in  con- 
September,  1914 


fi88  Gaillard — Universal  Use  of  Eleelricity  on  lite  Panama  Canal. 

Crete;  the  turbines  are  of  tlie  spiral  casing,  single  runner  vertical 
Francis  type,  direct  connected  to  the  2200  volt.  25  cycle,  three- 
phase  vertical  generators  used. 

The  switchboard  is  placed  in  a  balcony  o\erlooking  the  station, 
and  all  apparatus  including  the  head  gates,  is  electrically  controlled 
from  it. 

Perhaps  the  only  departure  from  usual  practice  in  the  whole 
design  is  the  use  of  an  exciter  mounted  directly  on  each  shaft 
between  the  generator  and  turbine  for  emergency  use.  Two  motor- 
driven  exciters  are  ordinarily  used. 


Fig. 


31).      Operating   Tunnel,    Gatun    Spillway,   Sliowin.!'    Gate    Operating 

Machine. 


TIk'  building  is  of  concrete  and  steel  construction  with  a  tile 
roof,  the  interior  being  partly  tiling  and  partly  the  rough  concrete, 
and  as  a  whole  is  most  suital)le  for  the  local  conditions.  In  fact, 
the  architectural  treatment  of  the  building  taken  in  comiection  with 
the  adjacent  spillway  has  boon  aj^provod  by  the  Fine  Arts  Com- 
mission. 

The  outgoing  lines  from  the  hydroelectric  station  are  carried 
along  Ciatun  dam  and  under  the  locks  to  the  Gatun  substation  in 
•  luplicate  underground  duct  lines  laid  some  600  ft.  apart.  One  of 
these  duct  lines  is  shown  in  Fig.  31. 
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At_  the  substation  the  electric  pressure  is  raised  to  44,000  volts. 
Two  high-tension  lines  emerge  from  the  station  and  tap  into  the 
duplicate  transmission  lines  which  run  completely  across  the  Isth- 


Fig.   30.      Gate   of   Gatun    Spillway,    Looking   Down    Stream.      Operating 
Tunnel   Is  Under  Sill  of  Gate. 


Fig.   31.      Duct    Line   Along   Gatun   Dam   from    Hydroelectric   station    to 

Substation. 

mus,  permitting  the  distribution  of  energy  both  ways  from  Gatun 
to  the  two  terminal  substations  at  Cristobal  and  Balboa,  where  the 
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\oltage  is  reduced  again  to  2200  for  distribution.  At  Miraflores 
a  substation  similar  to  that  at  Gatun  will  be  installed  for  supply- 
ing the  locks  both  there  and  at  Pedro  Miguel  (but  a  mile  away), 
the  distribution  cables  leading  to  the  lock  sites  being  placed  under- 
ground as  at  Gatun. 

It  is  also  at  Miraflores  that  the  reserve  steam  electric  plant, 
shown  in  Kig.  32,  with  four  turbo-generator  units  aggregating  6000 
kw.,  is  located.  This  is  an  oil  burning  plant,  built  a  few  years 
ago,  but  of  permanent  construction.  This  plant  is  tied  into  the 
transmission  system  through  the  Miraflores  substation,  and  will 
supply  energy  for  the  entire  Isthmus  in  case  of  failure  of  the 
Gatun   hydroelectric    plant.      Tn    addition   to  this   first   reserve,   the 


■Fig.  ;}2.     Mirallores  Steaiii-clcctric  Station. 

construction  steam  plant  at  Gatun  will  be  kept  in  service  for  some 
years,  at  least,  for  use  in  the  remote  contingency  of  the  simulta- 
neous failure  of  the  transmission  line  and  the  hydroelectric  plant. 

The  trans-isthmian  transmission  line  (Fig.  33)  consists  of  two 
duplicate  lines  supported  on  bridges  spanning  the  main  tracks  of 
the  Panama  Railroad.  The  conductors  are  carried  by  insulators 
of  the  suspension  type  hung  from  brackets,  and  a  copper  clad  steel 
ground  wire  is  carried  at  the  top  of  each   frame. 

This  type  of  construction  has  many  advantages,  and  some  few 
disadvantages.  It  will  permit  the  suspension  of  a  catenary  trolley 
construction  when  the  railroad  is  electrified ;  the  side  bracket  sus- 
pension of  the  conductors  separates  the  duplicate  lines  so  that  a 
burnout  in  one  will  not  affect  the  other,  and  so  that  they  will  be 
comparatively  unaffected  by  the  smoke  of  the  loct)motives.     Morc- 
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over  the  structure  is  fundamentally  strong  and  capable  of  resist- 
ing all  strains  introduced  by  the  wires  breaking.  The  paralleling 
of  the  railroad  made  erection  easy,  and  it  is  a  decided  advantage, 
from  a  military  point  of  view,  to  have  the  problem  of  defense  of 
the  railroad  and  of  the  transmission  line  made  one.  On  the  other 
hand,  the  bridges  interfere  with  the  engine  driver's  view  of  the  rail- 
way signals.  It  was  anticipated  that  the  inductive  interference  with 
the  telephone,  telegraph,  and  railway  signaling  system  would  be  so 
great  that  it  was  decided  to  place  all  of  these  latter  underground,  a 
four  duct  line  being  laid  along  the  railroad  for  that  purpose. 

Of  the  four  substations  along  the  transmission  line,  two  sup- 
ply energy  almost  exclusively  to  the  locks. 

The    locks    are    electrically    operated   and    lighted    throughout, 


Fig.  33.     Transisthmian  Transmission  Line,  Before  Wires  Were  Strung. 

and  this  means  a  more  extensive  installation  than  at  first  might  be 
realized,  the  aggregate  rating  of  the  700  or  so  motors  used  being 
in  the  neighborhood  of  20,000  h.  p.,  and  the  amount  of  lead  covered 
cable  employed  totaling  about  250  miles.  At  Gatun,  for  example, 
no  less  than  98  motors  will  be  set  in  motion  twice  during  each 
lockage  of  a  single  ship  and  the  number  may  be  increased  to  143, 
dependent  upon  the  previous  conditions  of  the  gates,  valves  and 
other  devices. 

Although  this  application  of  electricity  is  not  original  at  Pan- 
ama, the  extent  to  which  the  application  has  been  carried  marks 
an  important  stage  in  lock  operation.  The  flight  of  locks  at  Gatun, 
shown  in  Fig.  34,  is  nearly  a  mile  and  a  quarter  long,  with  the 
principal  operating  machinery  spread  over  a  distance  of  more  than 
three-quarters  of  a  mile.     Preliminary  study  soon  showed  the  most 
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Fij?.  .'54.     Gatun  Locks  from  Extreme  Xorth  and  Looking  Soutli. 


decided  advantages  that  electricity  possessed  over  the  hydrauHc  and 
pneumatic  systems  that  had  heretofore  been  used.  Perhaps  the 
most  imi)ortant  of  these  advantages  was  the  fact  that  perfectly  cen- 
tralized control  was  possible  with  the  electric  system  alone.     .\nd 


\'\il.  35.     High  Tension   Oil   Switch  Group  in   One  of  Lock  Transformer 

Rooms. 
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centralized  control  was  desirable,  not  only  because  it  greatly  reduced 
the  size  of  the  operating  force,  and  definitely  fixed  the  responsi- 
bility of  operation  on  the  one  operator,  but  because  it  permitted 
the  adoption  of  a  most  extensive  system  of  mechanical  and  elec- 
trical interlocking  of  the  control.  The  interlocking,  for  one  thing, 
to  instance  a  very  simple  case,  makes  the  opening  of  the  various 
\alves  in  an  improper  sequence  an  impossibility. 

At  each  of  the  flights  of  locks  the  energy  is  brought  from  the 
substation  by  underground  cables  to  the  various  transformer  rooms. 
Here  the  voltage  is  reduced  from  2200  to  240  volts  for  power,  and 
to  110  volts  for  lighting.  These  transformer  rooms,  which  are 
placed   at   the   ends   of   each    individual   lock   chamber,    are    really 
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\'"\g.  Hi).     Typical   Lock  Machinery  Room,  Showing  Control   Panel,  With 
Wiring  Partially  Completed. 

compact  underground  substations.  Every  effort  has  been  made  in 
their  design  to  secure  both  personal  and  operating  safety.  Dupli- 
cate power  transformers  are  provided  throughout. 

From  the  transformer  rooms  power  is  taken  to  ttie  control 
boards  of  all  the  different  machines  by  cables  laid  in  duct  lines  in 
the  lock  structure.  These  boards  are  of  the  usual  remote  control 
type  actuated  from  the  central  coiitrol,  but  fitted  for  lo"cal  opera- 
tion in  any  emergency. 

All  the  machines  around  the  locks,  with  the  exception  of  the 
towing  locomotives  and  emergency  dams,  are  normally  operated  from 
one  control  house.  Fig.  37,  which  overlooks  the  entire  flight  of  locks. 
This  house  contains  a  control  board,  Fig.  38,  of  novel  design,  fully 
equipped  with  indicating  mechanisms,  forming  a  complete  model 
of  the  locks,  which  operate  synchronously  with  them,  so  giving  the 
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operator  at  any  time  exact  knowledge  of  the  condition  of  affairs 
throughout  the  locks.  This  board  is  provided  with  the  extensive 
interlocking  system  previously  referred  to. 

The  machines  themselves  are  driven  by  induction  motors  of  the 
totally  enclosed  mill  type  and  are  equipped  with  switches  set  for  the 
proper  limits  of  travel,  illustrated  in  Fig.  39. 

The  different  machines  of  the  locks  may  be  classified  under 
five  heads :  the  towing  locomotives,  the  gate  operating  machines,  the 
valve  operating  machines,  the  safety  devices,  and  the  pumps. 

The  towing  locomotives,  four  of  which  will  take  a  ship  through 


Fij?.  37. 


Use  ol  TowiiiR  Locomotive  in   IhMuUiiiK  .Sliips;  Control   House 
to  the  Riffht. 


the  locks  (see  Fig.  ,U ) ,  operate,  when  towing,  on  a  rack  track  (see 
Fig.  40)  laid  along  the  edge  of  the  lock  chamber,  and  when  idle,  on 
a  return  track  further  away  from  the  edge.  Their  towing  speed  is 
two  miles,  and  their  returning  speeil  fi.ve  miles  an  hour.  Current  is 
supplied  them  by  means  of  a  plow,  traveling  in  contact  with  con- 
ductor rails  placed  in  a  slot  outside  the  track,  the  third  phase  being 
grounded.  Four  three-phase  induction  motors  are  used,  two  for 
traction  and  two  for  oj)erating  the  windlass  on  which  is  coiled  the 
towing  line.  The  second  type  of  loccMuolivo.  shown  in  Fig.  41.  has 
l)cen  successfully  tried  out.     The  first  type,  which  had  two  trucks. 
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with  an  articulated  suspended  section  in  between,  did  not  stand  up 
under  the  rigid  tests  to  which  it  was  subjected,  and  the  present 
type  was  then  adopted. 


Fig.   38.     Control   Board — Showing  Indicating   Mechanism,  Which   Gives 
the  Operator  the  Positions  of  All  Gates,  Valves,  Etc. 

The  gate-operating  machinery  includes  the  gate-moving  ma- 
chines, the  miter-forcing  machines,  and  the  handrail  operating  me- 
chanisms. 
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Fig.  39.     Cylindrical  Valve  Machine,  Showing  Type  of  Motor,  Brake  and 
Limit  Switch — For  All  Lock  Machines. 

The    gate-moving    machine,    invented    and    patented    on    the 
Isthmus,  consists  of  a  strut  extending  from  a  point  on  the  circum- 


I'ig.  40.     Towing  Track,  Showing   Rack  in   Center  and  Slot   Containing 
Conductor  Rails  at  .Side.  With  Cover  Plates  Removed. 
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ference  of  a  large  gear  wheel  to  a  pin  on  top  of  the  gate  leaf,  and  is, 
in  effect,  a  four-bar  linkage.  This  gives  the  very  advantageous 
characteristic  of  slow  speed  at  the  beginning  and  end  of  the  swing 
of  the  gate.    This  is  shown  in  Fig.  24,  ante. 

This  device  has  been  extensively  copied  in  recent  lock  installa- 
tions in  this  country,  for  instance,  at  Keokuk,  Iowa. 

The  miter-forcing  machine  consists  merely  of  a  motor-operated 
pair  of  jaws  mounted  on  one  gate  leaf  which  grip  a  pin  mounted 
on  the  other  leaf,  and  so  bring  the  two  leaves  into  close  miter,  and 
lock  them  in  position. 


Fig.  41.     Second  and  Adopted  Type  of  Electric  Locomotive. 

The  handrail  mechanism  merely  raises  and  lowers  the  hand- 
rails on  the  gates  by  means  of  a  screw  device. 

The  control  system  for  these  three  machines,  though  compar- 
atively simple,  may  be  interesting.  For  example,  the  gate-moving 
machines  cannot  be  operated  unless  the  miter- forcing  machine  is 
unlocked ;  and  in  each  strut  is  a  switch  which  cuts  out  the  gate- 
operating  motor,  if  the  spring,  forming  a  part  of  the  strut,  becomes 
unduly  compressed  or  extended,  due,  for  example,  to  a  water-logged 
timber  becoming  wedged  against  the  bottom  of  the  gate.  And  the 
handrails,  which  can  be  operated  from  either  side  of  the  lock  by  a 
foot  switch,  are  lowered  whenever  the  gates  are  swung  open,  and  in 
all  these  operations  the  machines  of  tlie  two  leaves  act  together. 

The  valves  used  on  the  locks  are  of  both  the  gate  and  the  cylin- 
drical type.  The  gate  valves  govern  the  flow  of  water  through  the 
main  longitudinal  culverts,  and  the  cylindrical  valves  govern  the  flow 
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through  the  branching  lateral  culverts  which  supply  the  water  to  the 
lock  chamber  through  the  rounded  orifices  in  the  floor.  Both  valves 
are  of  the  rising  stem  type  and  are  operated  by  a  cross  head  travel- 
ing on  a  revolving  screw,  motor-driven  through  suitable  gearing. 
These  are  shown  in  Fig.  22,  and  Fig.  23  ante. 

The  two  principal  safety  devices  are  the  chain  fenders  and  the 
emergency  dams.  The  chains  are  intended  to  prevent  any  accident 
to  the  gates,  and  the  dams  to  minimize  the  effect  (jf  such  an  accident, 
should  it  occur.  The  chain  fender  consists  of  a  chain  stretched 
across  the  lock  chamber  in  front  of  those  pairs  of  gates  whose  de- 
struction would  be  particularly  disastrous.  Should  a  vessel  break- 
loose  from  a  towing  locomotive  or  fail  to  stop  its  own  engines  and 
bear  down  upon  the  gates  it  will  strike  the  chain,  which  will  be 
slowly  paid  out,  and  the  vessel  brought  to  rest,  the  resistance  being 
offered  by  a  piston  forcing  water  through  a  relief  valve.  Under 
normal  operation,  after  the  vessel  has  stopped,  the  chain  will  be 
lowered  into  a  groove  in  the  floor  and  walls  of  the  lock  by  means  of 
a  mechanism  operated  by  a  motor-driven  pump,  and  the  gates  w^ill 
then  be  opened.  This  is  the  one  type  of  device  used  around  the 
locks  where  the  electric  drive  may  be  said  to  be  indirect. 

The  emergency  dam,  see  Fig.  25,  ante,  is  to  be  used  in  case  the 
upper  gates  are  destroyed  at  a  time  when  the  lower  gates  happen  to 
be  open,  or  vice  versa,  and  the  water  is  rushing  through  the  locks. 
This  dam,  which  resembles  an  unsymmetrical  swing  bridge,  will  be 
turned  into  position  across  the  lock,  the  girders  will  be  lowered 
into  place,  the  wickets  will  be  run  down  the  girders  in  horizontal 
rows,  the  pipes  will  then  be  driven  between  the  vertical  rows  of 
wickets,  and  the  flow  of  water  will  be  practically  checked.  Then 
the  lock  caisson,  which  is  really  a  floating  gate,  and,  incidentally 
equipped  Avith  motor-driven  pumps,  will  be  brought  up  against  its 
sill  and  the  flow  entirely  stopped.  Motors  are  used  on  these  dams 
for  turning,  for  wedging  into  position,  and  for  lowering  the  girders 
and  wickets.  These  motors  are  all  operated  from  a  platform  running 
the  length  of  the  dam. 

The  pumps  which  will  be  used  ordinarily  in  sumps  and  to  com- 
pletely unwater  the  lock  chambers  when  these  are  to  be  overhauled, 
are  of  no  particular  interest. 

In  all  this  installation  extreme  care  has  been  taken  in  the  wiring, 
in  view  of  the  prevailing  dampness  of  the  machinery  chambers. 

Perhaps  the  most  conspicuous  external  feature  of  the  locks, 
shown  in  Fig.  42.  are  the  concrete  lamp-posts  distributed  along  their 
length.  These  support,  at  a  height  of  30  ft.,  a  single  or  double  armed 
bracket,  carrying  one  or  two  (as  the  case  may  be)  500- watt  tung- 
sten lights.  These  lamps  are  placed  in  cast  concrete  reflectors,  de- 
signed to  throw  the  light  on  the  coping  and  on  the  water,  at  the 
same  time  .shielding  it  from  the  eyes  of  an  approaching  pilot. 

The  operating  tunnel  and  the  different  machinerv  rooms  arc 
lighted  by  small  tungsten  lamps  set  in  the  walls  and  ceilings.  These 
are  equipped  with  concrete  reflectors,  provided  with  hoods  to  shield 
the  eye  from  the  direct  glare  of  the  filament. 
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Receptacles  for  the  connection  of  portable  telephones  are  pro- 
vided in  the  machinery  rooms  as  well  as  in  the  base  of  each  lamp- 
post, so  that  communication  with  the  control  house  can  be  easily 
obtained  at  any  time. 

The  character  of  the  load  on  the  two  terminal  substations  is 
quite  similar  to  what  one  would  find  in  this  country. 

At  Cristobal  the  substation  distributes  current  to  the  cold  stor- 
age plant,  the  ice-making  plant,  the  bakery,  and  the  laundry,  which 
supply  the  entire  Isthmus ;  to  the  sump  pumps  used  in  connection 
with  the  sewage  system  of  Colon  and  Cristobal ;  to  the  pumping 
plant  of  the  water  works ;  to  the  wharves ;  and  most  important  of  all, 
to  the  main  coal-handling  plant  of  the  Canal,  which  is  located  at  this 


Fig.  42.     Gatun  Locks — Showing  Type  of  Lamp  Posts  for  Exterior 

Illumination. 


end.     In  addition,  current  for  lighting  is  furnished  all  Government 
buildings  and  quarters. 

At  Balboa  the  load  is  not  so  varied  but  is  slightly  larger.  Two 
drydocks  here,  the  larger  of  which  is  the  size  of  one  of  the  cham- 
bers of  the  locks,  are  equipped  with  motor-operated  machinery  in 
general  similar  to  that  used  on  the  locks.  The  wharves  have  their 
electrically-driven  unloading  cranes  in  addition  to  their  lights.  The 
main  demand  on  this  substation  comes,  however,  from  the  Balboa 
shops,  which  are  completely  equipped  for  the  repair  and  maintenance 
of  the  extremely  varied  types  of  equipment  used  on  the  Isthmus, 
including,  besides  the  many  kinds  of  machines  proper,  the  guns  and 
other  fortification  equipment,  the  rolling  stock  of  the  railroad,  and 
the  marine  equipment  of  the  Canal.  Moreover,  these  shops  will  take 
care  of  any  work  done  on  vessels  using  the  Canal,  both  war  and 
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merchant  ships.  They  are  contained  in  some  15  main  buildings  and 
have  a  total  floor  area  of  over  500,000  square  feet. 

All  the  machines  in  the  shops  are  motor-driven,  both  group  and 
individual  drive  being  used.  In  most  cases  alternating  current 
motors  are  employed,  though  for  some  of  the  variable  speed  ma- 
chines direct  current  motors  are  used. 

The  lighting  system  throughout  these  shops  perhaps  deserves  a 
brief  description.  It  is  a  system  of  general  illumination  by  means 
of  the  larger  sized  tungsten  lights  with  suitable  reflectors,  mounted 
on  the  bottoms  of  the  roof  trusses  and  is  noteworthy  because  of  the 
exclusive  use  of  incandescent  lights  and  because  of  the  liberal  in- 
tensity of  illumination  provided.  This  runs  up,  in  the  case  of  the 
machine  shop,  for  example,  to  as  high  as  6-foot  candle. 

In  addition  there  is  the  coaling  plant  at  this  end,  the  berm 
cranes  used  in  the  construction  of  the  Pacific  Locks  forming  a  part 
of  this  installation. 

Along  the  line,  between  the  two  lock  sites,  there  is  the  Naval 
Radio  Station  of  100  kw.  capacity — the  same  size  as  the  principal 
Government  station  at  Washington.  There  is  the  motor-operated 
bascule  bridge  on  the  railroad,  and  there  are  the  various  settlements 
and  military  reservations,  which  require  lighting  and  a  certain 
amount  of  power.  These  are  to  be  supplied  from  outdoor  substa- 
tions. 

The  probability  of  the  electrification  of  the  main  line  of  the 
Panama  Railroad  I  have  referred  to  several  times.  This  electrifica- 
tion presents  no  particular  engineering  difficulties,  but  it  was  thought 
best  to  defer  it  until  after  the  Canal  had  been  in  operation,  and  the 
traf^c  conditions  of  the  road  exactly  determined,  before  proceeding 
with  the  work.  \\'ith  known  conditions  it  may  then  be  easily  decided 
whether  such  an  electrification  be  economically  justified.  It  is  evi- 
dent, however,  from  the  provisions  made  throughout  the  entire 
work  that  the  electrical  engineers,  at  least,  had  little  doubt  of  the 
ultimate  electrification  of  the  road. 

This  completes  our  consideration  of  the  power  system  proper. 
This  system  was  designed  and  erected  under  the  direction  of  Colonel 
Hodges,  the  assistant  chief  engineer,  by  Mr.  Edward  Schildhauer, 
and  his  assistants.  The  amount  of  work  was  considerable,  since  so 
many  of  the  conditions  to  be  met  were  absolutely  without  precedent. 
In  many  cases,  owing  to  the  hot,  humid  climate  of  Panama,  it  was 
necessary  to  depart  considerably  from  the  practice  in  this  country. 

In  the  limited  extent  to  which  the  various  devices  have  yet  been 
tried  out,  the  designs,  have  proved  themselves  admirably.  It  was 
naturally  to  be  expected  that  various  minor  changes  would  have 
to  be  made,  in  view  of  the  difTcrence  between  the  actual  and  the 
estimated  operating  conditions. 

One  of  these  cases  has  occurred  in  connection  with  the  lock  at 
Pedro  Miguel,  where  emptying  or  filling  the  chamber  set  up  surges 
ill  the  cut  which  frc(|nently  reach  an  amjtlitudc  of  a  foot  or  so,  and 
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last,  in  some  cases,  for  as  long  as  an  hour.  The  resulting  difference 
of  head  on  the  two  sides  of  the  gate  has  occasionally,  momentarily, 
made  operation  of  the  gate  impossible. 

Another  entirely  unforeseen  phenomenon  is  the  entrance  of  salt 
water  into  Miraflortes  Lake,  55  ft.  above  sea  level.  When  a  lock 
chamber  is  open,  salt  water  flows  up-stream  along  the  bottom,  with 
a  resulting  flow  of  fresh  water  in  the  opposite  direction  along  the 
surface.  This  makes  quite  a  current  for  shallow  draft  boats,  and  to 
a  certain  extent  complicates  the  operation  of  the  towing  locomotives. 
This  occurs  to  such  a  degree  that  it  is  feared  the  water  of  Mira- 
flores  Lake  may  be  rendered  unfit  for  drinking  purposes. 

These  two  are  merely  typical  of  the  unforeseen  problems  that 
have  arisen  in  the  short  time  that  the  locks  have  been  used,  and 
give  some  idea  of  the  work  which  confronts  the  engineering  force 
today. 

In  connection  with  the  fortifications  of  the  Canal,  electricity 
plays  a  most  important  part,  though  its  applications  on  the  Isthmus 
are  not  essentially  dififerent  from  the  usual  practice  here.  There  are 
the  searchlights — 5  ft.  in  diameter — to  be  used  in  case  of  night 
attacks ;  the  electric  hoisting  devices  used  in  the  magazines,  and  also 
the  guns  and  the  submarine  mines,  both  of  which  are  electrically 
fired. 

In  the  triangular  system  of  range  finding  used,  the  telephone 
and  signal  devices  are  most  important,  not  only  in  enabling  simul- 
taneous sights  on  a  vessel  to  be  taken  from  the  two  separated  points, 
but  in  transmitting  the  range  so  determined  from  the  fire  control 
station  to  the  guns. 

I  am  not  familiar  with  the  electrical  layout  for  the  fortifications 
on  the  Isthmus,  but  I  imagine  the  general  practice  will  be  followed 
of  having  separate  plants  at  each  fort,  so  that  each  one  will  be 
entirely  independent  should  any  of  the  others  be  put  out  of  com- 
mission. 

We  have  seen  how  completely  everything  will  be  electrified  in 
the  permanent  operation,  but  electricity  was  not  absent  during  the 
construction  period.  The  entire  concrete  mixing  and  placing  plant 
at  Gatun  was  electrically  operated,  as  was  practically  the  case  with 
the  plant  at  the  Pacific  Locks.  Motor-driven  pumps  were  employed 
in  large  numbers,  and  motor-driven  tools  and  air  compressors  were 
used  in  many  cases.  And  even  electric  welding  was  employed.  Be- 
sides this,  every  town  had  its  electric  lighting  system. 

And  even  in  connection  with  those  parts  of  the  work  where  elec- 
tricity played  a  less  essential  part,  electrical  problems  were  not 
absent.  In  the  Culebra  Cut,  for  example,  the  dynamite  charges  were 
electrically  fired.  At  first  this  was  done  by  the  usual  type  of  firing 
battery,  the  fuses  in  the  different  holes  of  a  single  shot  being  con- 
nected in  series.  However,  after  a  few  accidents  had  resulted  from 
the  failure  of  certain  fuses  to  fire  before  the  circuit  was  broken 
by  the  explosion,  110-volt  lines  were  carried  throughout  the  length 
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of  the  Cut  on  portable,  triangular  wooden  frames.     The  fuses  of 
each  shot  were  connected  in  parallel  and  fired  from  these  lines. 

In  conclusion,  while  I  know  that  a  paper  covering  such  a  diver- 
sified installation  must  necessarily  dismiss  some  quite  important 
details  of  design  with  only  brief  mention,  I  hope  I  have  given  some 
idea  of  the  varied  uses  of  electricity  on  the  Zone,  uses  perhaps  no 
more  varied  than  in  any  of  our  large  cities,  but  uses  which  cover 
the  available  field  so  completely  that  the  use  of  electricity  on  the 
Panama  Canal  may  indeed  be  said  to  be  universal. 

Discussion. 

F.  J.  Postel,  M.  \v.  s.  E.  (Chairman).  This  has  been  a  very 
instructive  paper,  giving  us  a  better  idea  of  the  electrical  equipment 
of  the  Canal.  For  my  own  part,  I  had  no  idea  of  the  comprehensive 
and  complete  equipment  as  explained  by  the  author. 

There  will  probably  be  some  questions  and  I  am  sure  the  author 
will  be  glad  to  answer  them. 

H.  M.  Wheeler,  m.  w.  s.  e.  ;  With  reference  to  the  additional 
6,000  kw.  capacity  allowed  for  the  electrification  of  the  Panama 
Railroad,  the  nominal  installation  per  mile  of  single  track,  counting 
this  at  50  miles,  figures  out  about  120  kw.  Using  the  overload 
capacity  of  the  machines  would  probably  give  an  allowance  of  150 
kw.  per  mile  of  single  track.  This  compares  favorably  with  the 
jjower  demand  in  Chicago,  where  the  operation  of  the  Chicago 
surface  lines  actually  causes  a  demand  of  130  kw.  per  mile  of  single 
track.  If  the  grades  in  the  Panama  Railroad  do  not  cause  any 
greater  increase  of  power  than  the  heating  load  does  in  Chicago,  the 
station  capacity  indicated  should  allow  the  operation  of  from  150  to 
200  cars  of  the  type  used  here. 

L.  L.  Holladay:  Suppose  a  series  of  mishaps  should  occur. 
Would  they  be  likely  to  prevent  the  passage  of  boats?  In  other 
words,  would  any  local  trouble  throw  the  whole  Canal  into  disuse? 

Mr.  Gaillard:  It  seems  that  e\ery  precaution  has  been  taken 
to  prevent  accidents  and  to  mitigate  their  effect  should  they  occur. 
All  essential  features,  even  to  the  lock  chambers  themselves,  are 
provided  in  duplicate.  The  machines,  too.  are  equipped  for  hand 
operation,  though  of  course  this  would  be  very  slow  in  some  cases. 

G.  M.  Mayer,  m.  w.  s  e.  :  You  mentioned  incasing  steel  in 
concrete,  wherever  steel  can  be  easily  incased.  What  was  your 
experience,  in  painting  the  steel  work,  as  to  the  durability  of  the 
paint  coat — for  example  on  the  lock  gates? 

Mr.  Gaillard:  The  gates  exposed  to  the  action  of  the  water 
of  Gatun  Lake,  which  contains  hydrogen  sulphide,  have  to  be  coated 
with  a  bituminous  enamel ;  ordinary  paint  does  not  stand.  The 
enamel  seems  to  be  quite  satisfactory. 

E.  T.  Footc:  I  low  long  does  it  take  to  swing  the  gate  open 
after  the  water  is  level?  Also,  what  is  the  estimated  time  of  passage 
of  a  vessel  through  the  locks? 
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Mr.  Gaillard:  Two  minutes  is  the  rated  time  of  operation, 
though  it  is  actually  done  in  some  ten  seconds  less.  The  estimated 
time  of  passage  of  a  boat  through  Gatun  Locks  is  about  one  and 
one-half  hours.  It  will  take  about  the  same  length  of  time  for  a 
boat  to  pass  through  the  Pacific  Locks,  although  the  locks  are  sepa- 
rated by  a  mile. 

W.  S.  Pedersen,  jun.  \v.  s.  e.  :  Is  all  work  done  under  Civil 
Service  regulations? 

Mr.  Gaillard:  Stenographers,  clerks,  draftsmen  and  physicians 
are  the  only  employes  under  Civil  Service.  Skilled  labor  and  most 
of  the  engineering  forces  are  appointed  on  their  records,  and  not  as 
a  result  of  Civil  Service  examinations. 

The  entire  electrical  installation  was  put  in  by  the  Government 
v\^ith  its  own  forces. 

E.  D.  Silver:  A  more  complete  description  of  the  operation 
of  the  control  board  would  be  of  interest. 

Mr.  Gaillard:  To  describe  this  board  would  mean  a  whole  talk 
in  itself.  Besides  I  am  not  familiar  with  all  of  its  details.  There 
is  a  complete  mechanical  interlocking  system  below  the  board,  pre- 
venting operation  of  the  difiterent  machines  around  the  locks  in  an 
improper  manner.  As  typical  of  the  indicating  devices,  a  miniature 
gate  moves  synchronously  with  the  gates  themselves,  so  that  the 
operator  knows  their  position  at  any  time.  In  addition  to  this,  he 
can  see  the  gates  from  the  windows. 

The  General  Electric  Co.  manufactured  the  board.  It  is 
described  in  the  General  Electric  Review,  the  January  number. 

Quincy  A.  Hall,  Assoc,  w.  s.  e.  :  Is  there  only  one  man  in 
charge  of  the  board?  What  would  happen  in  case  of  improper 
handling  of  it? 

Mr.  Gaillard:  T  believe  there  are  to  be  two  operators  on  duty' 
at  one  time.  The  board  is  practically  fool-proof,  and  it  is  almost 
impossible  to  injure  the  locks  by  anything  that  can  be  done  to  the 
board. 

B.  G.  Jamieson,  m.  w.  s.  e.  :  How  thick  is  the  concrete  where 
it  is  used  simply  to  protect  the  steel  work  from  corrosion? 

Mr.  Gaillard:  I  do  not  believe  that  any  minimum  thickness 
was  ever  specified  except  that  the  standard  specifications  for  rein- 
forced concrete  design  used  on  the  Isthmus  required  that  all  rein- 
forced concrete  structures  be  designed  in  accordance  with  the  last 
report  and  recommendations  of  the  American  Engineering  Societies' 
Joint  Committee  on  Concrete  and  Reinforced  Concrete,  with  the 
additional  limitation  that  for  structures  subjected  to  salt  water,  salt 
air,  or  salt  spray,  the  surfaces  of  slab  reinforcements  be  protected 
by  at  least  Ij/^  in.  of  concrete;  for  beam  reinforcement,  2  in.;  and 
girder  and  column  reinforcement,  2^2  in.  of  concrete. 

Donald  Bowman:  Will  the  Government  sell  power  to  indi- 
viduals and  what  is  the  frequency  of  the  current? 

Mr.  Gaillard:  At  present  I  think  the  Government  is  selling 
power  to  the  street  railway  in  Panama  City,  but  as  a  matter  of 
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general  policy  this  contract  will  probably  not  be  renewed  when  if 
empires  next  year. 

The  frequency  of  the  current  is  25  cycles.  So  far  as  lighting 
is  concerned  this  has  proved  satisfactory  with  the  larger  sized  in- 
candescent lamps,  but  there  has  been  occasional  dissatisfaction 
expressed  at  the  flicker  which  is  particularly  noticeable  with  the 
small  tungsten  lamps  used  in  residence  lighting.  It  is  doubtful, 
however,  if  frequency  changer  sets  will  be  installed. 

JP'in.  B.  Jackson,  m.  w.  s.  e.  :  It  is  interesting  to  appreciate 
that  the  Government,  which  m  a  way  has  held  back  on  rushing  into 
electrification,  and  things  of  that  kind,  has  in  this  most  critical  piece 
of  construction  of  very  great  magnitude,  developed,  practically, 
electric  power  for  its  operation  as  the  universal  agency.  As  I  under- 
stand the  matter  from  the  paper,  and  from  having  talked  with  Mr. 
Gaillard,  in  the  operation  of  these  locks  there  is  only  one  device 
that  does  not  have  tlirect  connected  operation  by  the  motors,  and 
that  particular  piece  of  o]jeration  is  purely  an  emergency  operation; 
so  that  the  Panama  Canal,  it  seems  to  me,  is  almost  a  perfect  illus- 
tration of  the  thought  that  all  of  us,  particularly  those  in  the  electri- 
cal end  of  the  work,  feel  that  this  is  the  age  of  electricity. 

There  is  another  striking  feature  to  me  in  this  situation,  and 
that  is  to  think  of  the  enormous  amount  of  power  that  is  required 
in  the  operation  of  these  locks. 

One  of  the  rather  curious  electrical  features  was  the  view  which 
showed  the  duct  runs.  I  was  rather  interested  and  surprised  to  sec 
that  the  ducts  diverged  at  the  end,  running  into  the  manhole.  It  will 
be  interesting  to  have  the  speaker  of  the  evening  tell  us  why  that 
arrangement  has  been  built,  for  the  reason  that,  in  pulling  the  cables, 
it  appears  to  me  they  will  have  to  pull  the  cables  around  a  slight 
bend. 

Mr.  Gaillard:  I  do  not  know  why  the  ducts  were  laid  in  that 
manner.  These  ducts  were  not  laid,  however,  until  nearly  all  the 
cables  around  the  locks  had  been  pulled.  Cables  were  pulled  with 
an  electric  winch,  and  pulls  as  long  as  900  ft.  were  made. 

Mr.  Janiicson:  Am  I  right  in  my  understanding  that  at  the 
upper  end  of  each  of  the  locks  there  arc  double  gates? 

Mr.  Gaillard:  There  are  double  gates  at  both  tJie  uj)per  and 
lower  ends  of  the  u])iier  locks  of  each  flight  where  the  carrying 
away  of  a  gate  would  let  the  water  of  the  lake  out. 

Mr.  lllicclcr:  I  would  be  interested  in  a  general  way  to  learn 
what  the  weight  of  the  locomotives  is.  and  what  power  they  are 
supposed  to  develop. 

^fr.  Gaillard:  The  traction  motors  are  7?  h.  ]). ;  the  motors 
o])erating  the  windlass  for  the  towing  lines  are  20  h.  )i. ;  the  tractive 
effort.  47.500  lb. ;  and  the  windlass  pull.  25,000  lb.  The  weight  is 
82,500  11).  The  traction  motor's  work  is  heavier  when  ascending 
the  inclines  between  locks  than  when  towing. 

Mr.  Hczi'itt:  What  i.  the  size  of  the  motors  used  for  operating 
the    different    machines?       Is    there    anv    i^articular    reason    whv 
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the  motors  were  wholly  enclosed  ?  It  makes  them  more  difficult  to 
inspect,  and  in  motors  of  this  type  there  is  often  trouble  with  the 
bearings.     It  is  almost  impossible  to  insert  a  gauge. 

Mr.  Gaillard:  I  think  the  idea  of  using  enclosed  motors  was 
to  get  the  most  rugged,  substantial,  and  fool-proof  motor  possible. 
It  is  damp  in  the  machinery  chambers  around  the  locks.  There 
will  be  one  attendant  having  charge  of  several  rooms,  and  most  of 
the  time  there  will  be  no  one  in  the  room  where  the  motors  are.  I 
think  the  enclosed  type  of  motor  will  stand  up  best  under  these  con- 
ditions. And  with  but  one  or  two  vessels  a  day  going  through  the 
locks  at  least  for  the  tirst  few  years  after  the  opening  of  the  Canal, 
and  the  motors  operating  but  two  to  four  minutes  for  each  vessel, 
the  bearings  should  give  no  trouble. 

With  reference  to  size,  there  are  some  70  h.  p.  motors  used 
on  pumps  of  the  chain  fenders.  The  motors  on  locomotives  are 
75  h.  p.  The  smallest  motors  are  rated  at  a  fraction  of  a  horse 
power. 

A  Guest:  Did  I  understand  you  to  say  that  the  only  lights  they' 
have  for  the  locks  are  those  on  the  posts? 

Mr.  Gaillard :     Yes,  that  is,  for  external  lighting.     The  posts 
are  about  50  ft.  or  60  ft.  apart  on  the  center  wall  of  the  locks.     On  - 
the  side  v/alls  they  are  about  120  ft.  apart.     The  lights  enable  them 
to  manipulate  the  lines  in  taking  a  boat  through  at  night. 

Mr.  Bowman:  I  would  like  to  know  why  they  did  not  put 
the  transmission  line  underground. 

Mr.  Gaillard:  The  possibility  of  putting  the  transmission  line 
underground  was  considered.  The  transmission  of  the  amount  of 
power  required  across  the  Isthmus  at  20,000  volts,  which  is  the 
highest  voltage  at  which  underground  transmission  has  been  success- 
fully carried  out,  was  not  economical.  Standard  practice  in  the 
United  States  universally  calls  for  overhead  transmission  for  such 
distances  and  such  amounts  of  power  as  entered  into  the  problem 
on  the  Isthmus.  There  was  no  special  reason  for  departing  from 
the  standard  practice  in  the  United  vStates  in  this  matter,  and 
furthermore  the  adoption  of  the  track  span  bridge  type  of  overhead 
transmission  towers  provides  for  the  future  electrification  of  the 
Panama  Railroad. 
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GRADING  YELLOW  PINE  TIMBER  FOR 
STRUCTURAL  PURPOSES 

r>\.  A.  T.  North. 
Presented  May  ii,  i(^i  f.  Before  the  Bridge  and  Structural  Section. 

Heretofore  the  grading:  of  timber  has  been  confined  to  establish- 
ing the  maximum  permissible  defects  for  each  grade.  There  is  a 
demand  at  present  that  timber  be  graded  primarily  on  a  basis  of 
strength  quality,  and  that  secondary  consideration  be  given  to  the 
efifect  of  defects  and  the  permissible  amount  of  the  same.  Timber 
is  divided  into  groups  by  arbitrary  lines  of  division,  and  this  is 
necessary  because,  as  with  all  natural  products,  the  material  is  not 
uniform.  Therefore  each  grade  is  based  on  a  minimum-  strength 
quality  with  a  maximum  of  defects.  This  lack  of  uniformity  in  the 
material  makes  it  necessary  to  have  several  grades  for  the  same  kind 
of  timber. 

The  woods  commercially  available  for  structural  use  are  con- 
fined to  the  conifers  and  of  these  the  Southern  ^^ellow  Pines  fur- 
nish the  bulk  of  the  timber  cut,  with  Douglas  Fir  and  the  softer 
Northern  Pines  secondary  in  the  order  given. 

Investigators  of  the  mechanical  properties  of  coniferous  woods 
agree  to  the  following  laws  which  arc  quoted  from  the  Forest 
Service — Bulletin  108. 

"(1  )  The  mechanical  properties  of  timber  beams  are  de- 
])endent  upon  :  a.  the  qualitv  of  the  wood  irrespective  of  de- 
fects;  b.  the  character  and  location  of  defects. 

"(2)  The  mechanical  properties  of  wood  free  from  de- 
fects vary  directly  with  its  dry  weight.  The  relative  dry  weight 
of  the  different  pieces  of  wood  of  any  species  can  be  approxi- 
mated l)y  comparing  the  proportion  of  summerwood  in  each. 

"(3)  The  onlv  delects  which  materially  decrease  the 
breaking  strength  of  timber  beams  are  the  more  serious  oties. 
such  as  large  knots  and  cross  grains  occurring  where  fibres  are 
subjected  to  comparatively  high  stress. 

"(4)  All  the  species  tested  seem  to  be  subject  to  the  same 
general  laws  regarding  the  relation  of  mechanical  to  physical 
properties." 

The  grade  of  timber  mu-t  of  necessity  be  determined  by  visual 
insi)ection.  owing  to  the  lack  of  uniformity  of  the  material.  The 
cost  of  making  an  exact  determination  of  the  dry  weight  of  each 
piece  would  be  as  ))rohibitive  as  it  would  be  if  each  and  every  bag  of 
cement  were  tested.  Cement,  being  a  mechanical  product,  is  uni- 
form, and  visual  inspection  is  of  no  value.  In  timber  we  can  sec  the 
physical  characteristics,  the  defects,  and  easily  determine  the  sound- 
ness of  the  material. 

It  is  the  heavy  drv  weight  which  makes  the  Southern  Yellow 
Pine  the  strongest  of  the  coniferous  woods  and  it>i  high  percentage 

Vol.  XIX.  No.  T 


North — Grading    Yelloiv  Pine   Timber  for  Structural  Purposes. 


ro7 


of  resinous  content  makes  it  the  most  durable  of  the  strong  woods. 
For  this  reason  it  is  the  standard  to  which  all  other  woods  are  com- 
pared. 

The  best  known  species  of  Southern  Yellow  Pine  are  the  Lob- 
lolly, Shortleaf  and  Longleaf  Pines.  The  Cuban  Pine  is  not  much 
known,  as  such,  it  being  commonly  grouped  with  the  Longleaf  Pines. 
It  grows  along  the  Gulf  Coast  and  owing  to  the  soil  and  climatic 
conditions  it  has  larger  annular  rings  than  the  Longleaf  and  is 
stronger  as  shown  by  Circular  12,  Division  of  Forestry. 

The  illustration  showing  the  range  of  the  physical  characteris- 
tics of  the  first  three  species  mentioned  are  made  from  photographs 


LOBLOLLY  PINE 


SHIP.  L-235,  HARRISTON,  MISS. 

Fig.  1.     Poor  Specimen  of  Loblolly  Pine. 


furnished  by  the   Forest   Products   Laboratory   at   Madison,   Wis- 
consin. 

Loblolly  Pine: — Figure  1  shows  a  specimen  of  the  weakest 
grade  of  Loblolly  Pine  due  to  its  having  very  wide  rings  and  to  the 
very  small  percentage  of  summerwood.  This  illustration  plainly 
shows  the  reason  for  the  season  checks  always  being  similar.  The 
moisture  in  a  timber  does  not  pass  through  the  summerwood  rings 
in  a  radial  direction   as  they   are  practically   impervious   and   the 
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medullary  rays  are  not  pronounced  in  this  wood  as  in  the  Oaks, 
hence  the  moisture  must  travel  around  the  ring  to  its  weakest  point 
oi  resistance.  This  point  is  found  on  the  side  of  the  timber  and  as 
each  ring  breaks  it  establishes  the  line  on  which  the  inner  rings 
break,  thus  forming  a  season  check. 

The  two  specimens  shown  in  Fig.  2  have  the  same  number  of 
rings  per  inch,  but  one  has  fully  100%  more  of  summerwood  than 
the  other  and  would  be  much  stronger  if  the  defects  were  of  the 
same  value.  The  heavier  piece  would  make  a  very  good  structural 
timber.  This  illustration  shows  the  range  of  physical  characteristics 
as  to  the  percentage  of  summerwood. 

Figure  3  illustrates  an  ordinary  quality  owing  to  the  low  ])er- 
contace  of  stmimcrwood  and  tlie  wide  rinses. 


LOBLOLLY  PINE 


FiR. 


SHIR  L-247.  BESSEMER.  ALA. 

Two    Spi'cinieiis    oi    l.olilolly    I'ino — Onv 
Tliaii  the  Other. 


Much    P>etter    Timber 


Shortlcaf  Pine: — I'igure  4  illustrates  the  \arialion  in  Shortleaf 
I'inc,  the  specimen  at  the  left  having  an  average  of  eight  rings  per 
inch,  with  alxnit  20'/,  of  summerwood,  and  the  other  having  an 
average  of  thirteen  rings  ])er  inch  ^vith  jirobably  30'  r  of  summer- 
wood. 

Figures  5  and  0  also  show  the  variation  in  this  species. 

Louglcaf  Pine: — I-'igure  7  illustrates  typical  specimens  of  Long- 
leaf  Pine,  close  ringed  with  a  large  percentage  of  summerwood. 
The  eccentricity  of  the  heart  centre  is  notable.  J.  W.  Martin,  of 
Ludington.  [.ouisiana.  states  that  this  condition  is  found  in  trees  that 
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LOBLOLLY  PINE 


SHIP.  L-235,  HARRI8T0N,  MISS. 

Fisr.  3.     Shows  Low  Percentage  of  Summerwood.  and  Wide  Rings. 

SHORTLEAF  PINE 


SHIP.  P-41.  MALVERH.  ARK. 

Fig.   4.     Showing   Varying  .\mounis   of  Summer   Wood   in   the   Two 

Specimens. 
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are  inclined  and  that  the  longer  radius  and  the  larger  roots  are 
always  on  the  upper  side  of  the  tree  with  reference  to  its  inclination. 
Here  is  also  shown  the  very  small  percentage  of  sap  wood  character- 

SHORTLEAF  PINE 


SHIP.  P-41.  MALVERN.  ARK. 


Fig.  5. 

istic  of  this  variety.     The  preceding  statement  concerning  season 
checks  is  here  verified. 

By  referring  to  Tigurcs  2,  5  and  6  in  connection  with  Fig.  8 


SHORTLEAF  PINE 


SHIP.  P-4t.  MALVERN.  ARK. 

it  is  apparciu  why  the  counting  of  rings  should  be  started  at  some 
distance  from  the  heart  centre,  the  scale  in  this  case  starting  2\\  in. 
from  that  point.  This  specimen  would  run  probably  20%  of  sum- 
merwood  with  an  a\'crage  of  12  rings  per  inch. 
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L0N6LEAF  PINE 


dv 


Fig.  7.     Typical  Specimen  of  Longleaf  Pine — Close   Ringed  and   Large 
Percentage  of  Summer  Wood. 


LONGLEAF  PINE 


SKIR  L-2S9.  WINN  PARISH.  LA. 

Fig.   8.     Showing  Necessity   of   Beginning  of   Count   of   Rings  at   Some 
Distance  From  the  Heart  of  the  Tree. 
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Figure  9  shows  regularity  of  ring  widths  with  unevenness  of 
summerwood  owing  to  climatic  conditions. 

Figure  10  shows  an  unevenness  of  ring  widths  with  a  very 
large  proportion  of  summerwood,  ranging  from  50  to  75  per  cent. 

These  few  illustrations  will  demonstrate  the  impossibility  of 
determining  the  botanical  variety  of  these  woods  after  they  are 
manufactured  into  timbers.  Microscopic  examination  also  fails  in 
this  regard. 

In  1909,  Committee  Q  of  the  American  Society  for  Testing  Ma- 
terials presented  a  progress  report  on  a  method  of  determining  the 
botanical  species  based  on  the  average  number  of  rings  per  inch 
measured  over  at  least  5  in.  across  the  face  of  the  stick.  This  Com- 
mittee recommended  that  wofxl  having  15  rings  or  more  per  inch  be 

LONGLEAF  PINE 


^^'m^^ 


SHIP.  L-260.  WINN  PARISH.  LA. 

Fig.  9.     Showing  Regularity  of  Rings   But  Variations  in   Percentage  of 

Summer  Wood. 

considered  Longieaf  Pine;  8  to  15  rings  per  inch  Shortlcaf  Tine, 
any  timber  having  less  than  an  average  of  8  rings  per  inch  shall  be 
considered  so  porous  that  it  is  unfit  for  structural  purposes.  This 
finding  was  based  on  measuring  a  large  lumiber  of  trees  but  not  on  a 
sufficiently  wide  range  of  .soil  and  climatic  conditions  to  be  of  value. 
(See  report  of  the  12th  .Annual  Meeting,  1909.  American  Society  for 
Testing  Materials.)  Climatic  and  soil  conditions  have  a  very  im- 
portant ctTect  on  the  animal  growth  of  the  tree  and  a  I.ongleaf  Pine 
grown  in  southern  Louisiana  will  look  much  different  than  one 
grown  on  the  hills  of  central  Alabama."  It  is  apparent  that  this 
scheme    of    determining    botanical    species    is    not    practical.     The 
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American  Society  for  Testing  Materials  has  never  voted  on  or 
adopted  any  recommendation  appertaining  to  this  matter,  although 
such  an  opinion  prevails. 

The  number  of  rings  per  inch,  with  no  other  qualification,  is  not 
indicative  of  anything  other  than  the  mere  fact  that  this  number 
exists.  It  serves,  however,  when  considered  in  connection  with  the 
jiercentage  of  summerwood,  as  an  index  of  the  dry  weight  of  the 
timber  which  has  a  direct  relation  to  its  strength  quality. 

That  there  is  an  appreciable  overlappmg  of  the  species  is  shown 
in  Circular  15.  Division  of  Forestry,  wherein  it  appears  that  "the 
average  highest  10%  of  tests"  on  Shortleaf  and  Loblolly  Pine  exceed 
the  average  of  all  tests  on  Longleaf    Pine  bv   14%.     This   would 


LONGLEAF  PINE 


SHIP.  L-2C0,  WINN  PARISH.  LA. 

Fig.  10.     Shows   Unevenness  of  Ring  Width   With   Large   Proportion  of 

Summer  Wood. 


show  that  a  strict  botanical  classification  would  exclude  much  of  the 
better  grade  of  Shortleaf  I'ine  which  is  superior  to  the  "average 
lowest  10%  of  tests"  on  Longleaf  Pine. 

The  next  public  appearance  of  the  rings  per  inch  scheme  is  in 
Bulletin  108,  Forest  Service,  issued  September  23,  1912,  which  was 
preceded  by  Circular  189  in  the  form  of  an  advance  report.  From 
page  11,  under  the  topical  heading  of  "Southern  Yellow  Pine,"  is 
quoted:  "The  term  'Southern  Yellow  Pine'  is  applied  collectively 
to  practically  all  of  the  pines  of  the  southern  states  which  are  manu- 
factured into  lumber.  On  the  market  the  manufactured  lumber  is 
divided  into  two  classes,  Longleaf  and   Shortleaf.     Material  with 
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more  than  8  or  10  rings  per  inch,  and  containing  a  comparatively 
large  amount  of  summervvood  and  less  than  30%  of  sap  wood,  is 
called  Longleaf  Pine;  while  material  with  fewer  than  10  rings  per 
inch,  slow-growing  material  that  is  light  in  weight  and  which  con- 
tains much  sap  wood,  is  called  Shortleaf  Pine.  Commercially, 
therefore,  the  terms  'Longleaf  and  'Shortleaf  are  descriptive  of 
quality  and  have  little  botanical  significance."  This  paragraph  has 
a  footnote  reading:  "See  'Standard  specifications  for  structural 
timbers,'  American  Society  for  Testing  Materials."  This  is  a  very 
misleading  statement.  The  "Standard  Classification  of  Structural 
Timber,"  adopted  September  1,  1907,  reads:  "Southern  Yellow 
Pine. — Under  this  heading  two  classes  of  timbers  are  used,  (a) 
Longleaf  Pine,  (b)  Shortleaf  Pine.  It  is  understood  that  these  two 
terms  are  descriptive  of  quality,  rather  than  of  botanical  species. 
Thus,  Shortleaf  Pine  would  cover  such  species  as  are  now  known 
as  North  Carolina  Pine.  Loblolly  Pine  and  Shortleaf  Pine.  'Long- 
leaf  Pine'  is  descriptive  of  quality,  and  if  Cuban,  .Shortleaf  or 
Loblolly  Pine  is  grown  under  such  conditions  that  it  produces  a 
large  percentage  of  hard  simimerwood,  so  as  to  be  equivalent  to 
the  wood  produced  by  the  true  Longleaf,  it  would  be  covered  by 
the  term  'Longleaf  Pine'."  There  is  no  mention  of  "rings  per 
inch"  but  it  accepts  the  best  grades  of  the  Shortleaf,  Cuban  and 
Loblolly  Pines  as  equal  to  the  Longleaf  variety. 

The  quotation  from  Ikilletin  108.  above  referred  to.  gave  birth 
to  a  large  number  of  specifications  promulgated  by  various  persons, 
corporations  and  proposed  building  codes.  To  an  engineer  the 
words  "comparative"  or  "comparatively  large  amount  of  hard 
summerwood"  appear  ridiculous  when  ap])lied  to  a  quantity  that 
can  be  measured  by  volume,  weight  or  otherwise,  and  such  a  phrase 
incorporated  in  a  specification  or  buildmg  code  would  only  result 
in  disputes  and  litigation. 

On  page  60  of  this  same  r>ulletin  is  found  a  tentative  grading 
rule  consisting  of  a  set  of  definitions  and  rules  which  can  be  applied 
to  the  grading  of  structural  timbers  cut  from  any  of  the  species 
discussed  in  that  lUilletin,  these  species  being:  Longleaf  Pine, 
Shortleaf  Pine.  Loblolly  Pine.  Douglas  Fir,  Western  Larch.  Tama- 
rack, Western  Hemlock,  Redwood.  Norway  Pine,  Red  Spruce  and 
White  Spruce.  It  will  be  noted  that  the  Forest  Service  proposes 
to  apply  a  ring  rule  to  all  of  the  woods  above  mentioned,  but  this 
idea  has  not  yet  become  generally  accepted. 

This  tentative  grading  rule,  considered  aside  from  the  per- 
missible defects,  is  based  on  a  definition  of  "dense  wood"  which 
is  recjuired  in  both  grades.    This  quality,  tlense  wood,  is  defined  as  ■ 

1.  Wood  that  shows  more  than  eight  rings  per  inch,  or  the 
rings  of  which  contain  more  than  iO%  summerwood. 

2.  Wood  which  is  resilient;  that  is.  which,  when  struck  with 
a  hammer  or  similar  blunt  instruiuent.  gives  a  sharp,  clear  sound, 
while  the  hammer  shows  a  marked  tendency  to  rebound  and  the 
wood  to  recoxiT  from  the  elTer(«^  of  the  blow. 
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These  properties  are  to  be  judged  from  an  inspection  of  the 
cross  section  of  the  timber. 

Without  discussing  the  permissible  defects  in  these  grades,  it 
can  be  said  that  these  rules  are  the  first  to  define  the  location  of 
defects.  For  this  purpose  the  timber  is  divided  into  three  volume? 
or  zones.  What  is  termed  volume  1  is  the  lower  quarter  of  the 
middle  half,  or  the  zone  affected  by  tension ;  volume  2  is  the  upper 
quarter  of  the  middle  half,  or  the  zone  affected  by  compression; 
volume  3  is  the  balance  of  the  stick,  or  the  zone  containing  the 
neutral  axis  and  affected  by  horizontal  shear,  compression,  perpen- 
dicular to  the  grain  at  ends  and  vertical  shear.  The  consideration 
given  to  the  location  of  defects  in  this  rule  is  a  notable  advance 
in  the  formulating  of  such  rules. 
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A  recent  purchase  of  Yellow  Pine  timbers  for  the  Panama 
Canal  was  based  on  the  following  rule : 

"Quality  No.  I.  In  large  dimensions  or  timbers  there  must 
show  on  the  cross  section  at  least  six  annual  growth  rings  between 
the  third  and  fourth  inch  measured  from  the  heart  centre  or  pith ; 
however,  wide  ringed  material  will  be  acceptable  provided  that  in 
the  greater  number  of  the  annual  rings  the  dark  ring  is  hard  and  in 
width  equal  to  or  greater  than  the  adjacent  light  colored  ring. 

"Tn  small  dimension  material  (up  to  4  by  6  inches)  where 
strength  and  durability  are  the  prime  consideration,  there  must  be 
an  average  of  six  rings  per  inch  over  the  entire  cross  section  of 
the  piece. 

"Quality  No.  2.  Yellow  Pine  not  meeting  above  specifica- 
tions."~^ 

This  rule  was  devised  by  O.  T.  Swan,  in  charge  of  Industrial 
Investigation,  Forest  Service,  Washington,  D.  C.  Concerning  this 
rule,  Mr.  Swan  states  that  it  originated  in  a  dispute  between  the 
Canal  inspectors  and  contractors  for  a  cargo  of  Longleaf  Pine  sold 
under  the  Gulf  Coast  rules.  There  was  a  decidedly  wide  range  in 
the  quality  of  the  materia!  delivered  and  to  settle  the  dispute^  the 
Forest  Service  was  called  in.  By  applying  the  rule  above  given 
the  matter  was  handled  to  the  satisfaction  of  both  parties.  Later 
the  rule  was  tried  out  in  company  with  inspectors  of  the  Pennsyl- 
vania Railroad  and  the  Boston  Elevated  upon  material  on  the 
different  docks  and  was  found  to  classify  material  in  a  way  satis- 
factory for  their  purposes.  Botanists  connected  with  the  Forest 
Service  later  made  further  investigations  in  the  woods  to  afford  an 
additional  check  on  the  rule. 

The  latest  development  in  these  matters  was  the  adoption  of 
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a  rule  by  the  Classification  Committee  of  Structural  Material  of 
the  Yellow  Pine  Manufacturers'  Association  in  this  city  on  May 
4th,  1914.  The  Board  of  Directors  of  this  Association  approved 
the  rule  and  it  will  be  tentative  until  passed  on  by  the  Association 
at  its  semi-annual  convention  in  July. 

There  are  two  grades  provided  for  and  called  Select  Structural 
and  Xo.  1  Structural. 

SEf.ECT  STRLCTLR.XL  (iR.\DE. 

All  timber  shall  be  sound  and  sawed  to  standard  sizes,  dense, 
free  from  such  defects  as  ring  shake  showing  on  the  faces,  injurious 
cross  grain,  unsound  knots  and  decay. 

Stringer  forms  must  not  have  encased  or  large  sound  knots 
in  volume  1  ;  must  not  have  large  encased  knots  in  volume  2  or 
unsound  knots  in  volume  3 ;  beam,  post,  sill  and  other  forms  may 
have  sound  knots  or  hard,  firm-encased  knots,  the  aggregate  diameter 
of  which  does  not  exceed  the  width  of  the  face  they  are  in.  but 
no  one  knot  shall  exceed  four  inches  in  diameter :  stringer  forms 
shall  show  three-quarter  heart  at  any  point  on  the  narrow  faces 
and  post,  beam  and  sill,  and  other  forms  more  nearly  square  shall 
show  three-quarter  heart  on  all  faces  pt  anv  point. 

The  measurement  of  knots  shall  be  at  right  angles  with  the 
grain  of  the  knot. 

xo.   I   STRrCTlK  \i-. 

Shall  include  tiniber  answering  in  all  respects  to  select  structural 
except  that  a  greater  i;)roportion  of  sap  or  no  restriction  as  to  sap 
will  be  allowed,  making  timbers  suitable  for  treatment  and  dis- 
tinguishing them  from  No.  1  common  timber. 

In  the  above  rule  dense  wood  is  defined  as  follows :  Having 
the  following  characteristics  showing  on  the  cross  section  and 
appearing  in  the  third,  fourth  and  fifth  inches  of  a  radial  line  from 
the  pith  or  heart  centre.  \n  ax'erage  of  eight  annular  growth  rings 
per  inch,  provided  that  in  the  greater  nmnber  of  ring>^  one-fourth 
or  more  of  the  ring  is  summerwood  ;  an  average  of  si.x  or  seven 
rings,  provided  that  in  the  greater  tunnber  of  the  rings  one-third 
or  more  of  the  ring  is  summerwood  ;  or  wider  ringed  material  if  in 
the  greater  number  of  rings  one-half  or  more  of  the  ring  is  summer- 
wood  ;  must  show  a  sharp  contrast  in  color  between  springwood 
and  summerwood. 

It  is  believed  that  this  rnlr  will  su])ply  the  proper  proportion 
of  summerwood  in  the  various  combinations  given  to  give  a  uni- 
formly strong  and  durable  wood.  It  is  essential  that  the  summer- 
wood  be  dark  in  color,  showing  a  strong  contrast  with  the  spring- 
wood.  In  specimens  where  the  summerwood  is  light  in  color  it  is 
found  to  be  light  in  weight  and  consequently  lacking  in  strength. 

The  increasing  of  the  proportion  of  the  summerwood  in  the 
wider  ringed  material  is  made  necessary  by  the  fact  that  this  quicker 
growth  material  is  generally  more  brittle  and  less  strong  than  the 
closer  ringed  material. 

This  rule  combi^(■>^  iIk-  inclusion  of  the  wide  ringed  material 


North — Gradiiui    )'cIloic   I'luc    Timber   for   Structural   Purposes.       717 


I 


7^//^(^5          S  ^//yO-S       y/^//V^5 

1 

\\ 

1 

$  (^ 

$ 

^  ih 

^^//y^s       y/^/A 

0 

"     "  "        "    <^    ^ 

^  5 

^  ^ 

W 

^  ^ 
I  ^ 

^  ^ 

*                                    0 

<5'/?/^^S           ^/^/r 

/<^s       7/^///^j           c^j 

> 

^i 

^1 

Si      <^ 

^  i* 

^  5 

v»  R 

<>§ 

v3/e//y<?5      -f^/A 

'^j      •s>?//y^fj 

■  ■  HTW 

■  I  1  ■  1 1      0 

I  1  1  1  1 

II                     ^ 

1  1  1  1  1 

II 

1  1  1  1  1 

II                     ^ 

1  1  1  1  1 

II 

II  III 

UiiiiJ' 

Illustrating  Definition  of  Dense  Wood. 


September,  1914 


718    Discussion — Gradivg  Yellotv  Pine  Timber  for  Structural  Purposes. 

as  incorporated  in  the  specification  for  the  Panama  Canal  timbers 
and  the  location  of  defects  as  included  in  the  tentative  rule  given  in 
Bulletin  108. 

This  is  the  first  rule  promulgated  by  an  association  of  producers 
which  attempts  to  grade  structural  timbers  for  building  purposes 
on  a  basis  of  strength  quality,  and  is  also  the  first  rule  that  defines 
the  location  of  defects  in  a  scientific  manner. 

The  Classification  Committee  of  Structural  Material  of  the 
Yellow  Pine  Manufacturers'  Association  consists  of  M.  B.  Nelson, 
chairman;  I.  H.  Petty.  C  E.  Slagle,  W.  J.  Haynen,  J.  H.  Eddy  and 
J.  W.  Martin.  They  had  the  earnest  and  active  assistance  of  Geo. 
K.  Smith,  secretary  of  the  Association ;  John  A.  Newlin,  Engineer 
in  Charge  Timber  Tests,  Porest  Prodvicts  Laboratory,  Madison, 
Wisconsin ;  O.  T.  Swan,  in  charge  of  Industrial  Investigation,  Forest 
Service,  Washington,  D.  C,  and  the  writer.  It  represents  the  com- 
bined offerings  of  the  practical  woodsman,  the  lumber  producer,  the 
scientific  investigator  and  the  engineer.  Modifications  will  undoubt- 
edly be  made  from  time  to  time  as  in  all' former  rules,  but  it  is 
believed  that  this  rule  is  a  well  conceived  basis  for  a  structural  grade 
of  Yellow  Pine  timbers.  Credit  is  certainly  due  to  the  Yellow  Pine 
Manufacturers'  Association  for  being  the  first  organization  of  its 
kind  to  recognize  and  endeavor  to  satisfy  the  demands  of  the 
engineer  and  architect  for  a  rational  grading  rule  based  on  strength 
values. 

Di.^crssiox. 

< 

/.  F.  Stern,   m.   \v.  s.  e.  :     Have  any  tests  ever  been  made  to 

determine  the  unit  strength  of  this  timber  with  various  numbers 
of  rings  to  the  incli^  That  is  to  say,  sup])Ose  you  have,  as  you 
show  here,  two  specimens,  one  of  them  with  an  average  of  eight 
rings  per  inch  and  the  other  with  four  rings  per  inch,  how  will 
they  compare  as  regards  the  modulus  of  rupture? 

Mr.  Norili:  This  committee  arrived  at  these  conclusions 
through  the  advice  of  Mr.  Newlin  of  the  Forest  Products  Labora- 
tory at  Madison.  Mr.  Newlin  has  made  tests  of  nearly  all  the  woods 
in  this  country,  and  has  tested  more  wood  material  than  any  in- 
vestigator in  this  country.  From  his  private  notes  and  his  observa- 
tion of  timbers  which  he  tested,  he  atlviscs  this  percentage  of  sum- 
merwood  and  this  number  of  rings  per  inch.  Tests  have  not  been 
made  on  material  selected  according  to  this  rule ;  but  this  rule  is 
based  on  his  actual  observation  of  all  tests  to  date.  I  will  say  that 
there  is  a  man  from  the  Forest  Service  now  in  the  South,  collecting 
about  160  bridge  stringers  for  test  purposes,  and  these  timbers  are 
being  selected  along  lines  such  as  these.  Personally.  I  feel  very 
confident,  and  I  think  the  members  of  the  committee  also,  that  Mr. 
Newlin  was  competent  to  l)e  a  judge  of  these  matters  from  his  long 
experience  in  making  tests  on  all  kinds  of  woods. 

.\fr.  Stern:  On  Douglps  Fir.  for  instance,  where  the  test< 
show   that   the  modulus   of   rupture   varies   from   as  low   as  about 
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2,800  up  to  about  (i,'6Q0  lb.  per  sq.  in.,  would  an  examina- 
tion, in  your  opinion,  indicate  that  the  lower  figure  would  be  on 
the  one  that  had  a  small  number  of  rings  per  inch  with,  say,  25% 
or  30%  of  summerwood,  and  the  high  modulus,  say,  6,800,  be  for 
the  timber  that  would  have  the  greater  number  of  rings  and  greater 
percentage  of  summerwood  ?  That  is  one  question,  but  the  question 
1  asked  originally  was  as  to  whether  a  wood  that  had  eight  rings 
to  the  inch  on  an  average,  as  shown  on  the  left  diagram,  with  one 
quarter,  or  25%  summerwood,  \vould  average  up  in  all  probability 
as  high,  in  your  opinion,  as  the  one  on  the  right  hand  of  the  sheet 
where  you  have  four  rings  with  50%  summerwood?  You  under- 
stand I  am  looking  at  this  simply  from  the  strength  standpoint. 
If  that  be  so,  would  not  we  eventually  come  to  the  same  state 
of  affairs  in  timber  work  that  we  now  have  in  steel  work,  where 
we  test  sample  pieces  from  every  melt  and  use  the  results  as  a 
basis  in  determining  whether  or  not  w^  shall  accept  the  steel ;  will 
we  then  come  to  the  point  where  w^e  will  in  the  trade  cut  out  a 
test  piece  and  test  it  for  strength  to  determine  whether  that  is  or  is 
not  a  suitable  material? 

Mr.  North:  Referring  to  Douglas  Fir,  I  would  say  that  the 
material  with  a  few  ring's  per  inch  and  a  low  percentage  of  summer- 
wood  would  have  the  lower  modulus  of  rupture,  based  on  the  gen- 
eral law  quoted  from  Bulletin  108.  The  defects  have  a  great 
influence,  which  is  indicated  by  the  tests  made  on  green  Douglas 
Fir — 8  in.  by  16  in.  stringers;  the  strongest  of  191  pieces  tested 
having  a  modulus  of  rupture  of  9,000  lb.  per  sq.  in.  with  9.4  rings 
per  inch  and  42%  of  summerwood  and  failed  by  compression;  the 
weakest  having  a  modulus  of  rupture  of  2,930  lb.  per  sq.  in.  with 
10.4  rings  per  inch  and  34%  of  summerwood  and  failure  was  due 
to  "irregular  grain  due  to  large  knot  6  inches  from  center."  The 
weaker  piece  had  S'X-  less  summerwood  and  would,  barring  defects, 
be  somewhat  less  strong  on  that  account.  The  effect  of  the  defect 
of  cross  or  irregular  grain  is  here  apparent  and  the  Forest  Service 
recommends  that  Grade  1  timbers  "must  not  have  diagonal  grain 
with  a  slope  greater  than  1  inch  in  20."  A  study  of  the  detail  of 
the  tests  of  Douglas  Fir  indicates  that  cross  grain  is  one  of  its  most 
serious  defects. 

As  I  stated  in  the  paper,  the  50%  of  hard  summerwood  is 
required  in  wade  ringed  material,  because  the  character  of  wide 
ringed  material  tends  toward  a  less  strength  than  in  the  close  ringed 
material.  For  that  reason  the  quantity  of  that  portion  was  doubled 
over  that  of  the  eight  ring  average.  You  will  realize  that  it  is 
impossible  to  take  a  test  piece  from  every  stick  of  timber ;  lumber  is 
not  valuable  enough  to  bear  that  burden  of  expense. 

Mr.  Stern:  I  realize  that.  T  wanted  to  ask  a  question  on  that. 
You  have  doubtless  examined  a  great  many  specimens  of  this  ma- 
terial. Do  you  find  in  the  Avider  ringed  material,  which  show^s  a 
more  rapid  growth,  that  the  summerwood  is  of  a  less  density  than 
in  the  narrow? 
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Mr.  XortJi:  It  is  less  dense  and  elastic,  being  more  brittle.  For 
that  reason,  the  much  larger  percentage  of  summerwood,  double 
percentage,  was  recommended  to  make  it  uniform  in  strength  with 
the  eight  ring  average.  That  was  the  opinion  of  both  the  govern- 
ment investigators,  who  have  had  a  great  deal  of  experience  in 
these  matters  and  on  which  this  recommendation  was  made. 

Speaking  of  the  Douglas  hir  which  you  have  mentioned,  it  is 
])robable  that  a  different  ring  rule  would  have  to  be  provided  for 
that  wood,  owing  to  the  difference  in  some  of  the  characteristics  of 
that  wood. 

Mr.  Stern:    That  would  be  an  analogous  rule,  wouldn't  it? 

Mr.  Xortli:  It  would  be  an  analogous  rule,  but  it  would  take 
separate  consideration.  The  l-orest  Service  has  proposed  a  rule 
to  cover  all  of  the  coniferous  woods ;  but  this  rule  here  discussed 
was  based  on  the  consideration  of  "N'ellow  I'ine  alone,  anrl  api)He>.  in 
detail,  to  that  wood  only. 

Mr.  Marsh:  Do  1  understand  that  you  consider,  for  in- 
stance, that  a  Loblolly  or  Shortleaf  i'ine  with  a  similar  number  of 
;innular  rings  and  the  same  ])ercentage  of  hard  summerwood  is  of 
equal  strength  with  the  Longleaf  Pine  with  the  same  charac- 
teristics ? 

Mr.  Xortli:  I  would  say  yes,  if  the  condition  you  describe 
is  found. 

//'.  ^".  Lacker,  as.soc.  w.  s.  i:. :  Dd  I  understand  that  it 
is  impossible,  or  almost  so.  for  a  .^killed  inspector  to  distinguish 
between  the  different  kinds  of  Southern  Pine,  excej^t  by  the  annular 
rings?  Tn  other  words,  do  you  mean  that  if  the  wood  has  very 
wide  and  few  rings,  the  stick  is  ]irobablv  Loblolly  or  Shortleaf. 
and  if  the  annular  rintrs  are  \erv  close  that  it  is  probablv  Longleaf 
Line? 

Mr.  Xortli:  That  is  the  case.  Xo  man  can  tell  the  exact 
botanical  species  unless  he  has  the  flower  and  the  leaf  and 
the  cone  io  judge  by.  lUit  I  think  any  of  us  who  have  handled 
large  amounts  of  timber,  or  inspected  them,  have  in  our  mind's 
eye  the  (|uality  which  we  consider  to  be  Longleaf.  as  against 
.Shortleaf  or  Loblollx .     That   is  what  this  rule  is  gotten  up  for. 

JJ'.  C.  .Iniistroiu/.  M.  w  s.  i:. :  The  idea  then  is  that  the  terms 
that  ha\e  been  used  really  indicate  the  spacing  of  the  anmilar 
rings,   rather  than   the  botanical  species  of  the  tree? 

Mr.  Xortli:  I  think  so.  and  that  we  judge  Longleaf  Pine  by 
the  ai)pearance.  If  it  is  fairly  close  ringed  and  heavy  and  <lense 
and  resilient,  why  we  take  it  as  from  a  Longleaf  Pine  without 
question. 

Mr.  Stern:  You  sa\  summerwood  is  found  in  proportion  to 
the  dry  weight.  Do  you  intend  to  take  into  consideration  anything 
in  these  specifications  except  the  hard  summerwood.  or  is  the  weight 
to  eiUer  into  your  specification?' 
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Mr.  North:  No.  The  percentage  of  hard  summerwood  of 
these  four  classifications  here  is  considered  to  give  a  uniform  dry 
weight,  a  minimum  dry  weight  for  this  quality  of  timber.  It  would 
be  impossible  to  determine  the  dry  weight  of  every  timber,  although 
It  IS  only  a  matter  of  a  little  laboratory  work  to  do  so.  It  is 
impossible  for  economic  reasons,  owing  to  the  low  price  of  the 
material.  For  that  reason  this  is  a  scheme  devised  to  take  the 
place  of  such  a  determination.  In  other  words,  we  know  that  the 
percentage  of  summerwood  governs  the  dry  weight  of  the  material, 
and  it  is  left  to  visual  inspection  rather  than  mechanical  inspection! 
I  should  judge  that  wood  of  this  grade  would  probably  have  a  dry 
specific  weight  of  somewhere  from  30  to  32  lb.  per  cu.  ft.  Of 
course,  a  great  deal  of  the  wood  would  be  considerably  stronger. 
This  is  the  minimum  value  for  that  grade.  The  dry  weight  is 
determined  by  making  a  boring  with  an  auger  1  in.  in  d'iameter  and 
to  a  depth  of  1  in.  The  borings  are  taken  from  different  parts 
of  the  section  with  reference  to  the  heart  centre  and  such  as  would 
represent  an  average  of  the  material.  The  borings  are  placed  in  a 
constant  temperature  furnace  and  kept  there  until  no  further  loss 
of  weight  is  found;  from  this  weight  and  known  volume  the  dry 
weight  is  determined. 

Mr.  Marsh:  What  would  you  consider  a  safe  working  strength 
for  this  class  of  lumber? 

M?'.  North:  With  this  lumber  dry,  we  graded  for  defects  and 
location  of  defects.  I  think  that  a  working  stress  of  1,800  lb.  per 
sq.  in.  in  cross  bending,  in  ordinary  building  construction,  is  justi- 
fied. Heretofore  the  location  of  defects  in  a  timber  has  been  left 
largely  to  the  carpenter.  If  he  is  sufficiently  intelligent  he  puts  the 
large  knots  on  top  and  the  small  ones  on  the  bottom.  But  by  this 
rule  we  propose  to  take  care  of  that. 

Mr.  Stem :    Isn't  that  much  over  the  Yellow  Pine  we  now  get  ? 

Mr.  North:  Yes,  when  we  simply  buy  "Longleaf  Yellow  Pine" 
from  the  average  dealer  without  further  specification. 

Mr.  Stern:    Is  it  vastly  above  the  fir  we  get? 

Mr.  North:  Yes,  Douglas  Fir  is  less  strong  than  this  grade  of 
bellow  Pine  because  it  is  less  heavy.  By  referring  to  Circular  213 
Forest  Service,  dated  Alarch  24,  1913,  you  will  find  the  following 
data:  Based  on  tests  of  small  green,  clear  pieces,  2  by  2  in.  in 
section  and  30  in.  long. 

Longleaf  Douglas 

Yellow  Pine  Fir 

Rings  per  inch 16.5  17.3 

Proportion   of   summerwood 37.0%  22.0% 

Moisture   content 63.0%  32.0%    • 

Specific  gravity,  oven  dry,  based  on — 

Volume  when  green 0.528  0.418 

Volume  when  oven  dry 0.599  0  -158 

Modulus   of   rupture 8630.  6340. 

Fibre  stress  at  elastic  limit 5090.  3570. 
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From  which  you  will  note  that  Douglas  Fir  compares  with 
Longleaf  Yellow  Pine  in  the  following  percentages :  Modulus  of 
rupture,  73.4%  ;  specific  dry  weight,  76.3%  ;  fibre  stress  at  elastic 
limit,  /0.1%.  The  close  relation  of  these  three  qualities  is  appar- 
ent. A  comparison  of  the  resuUs  of  tests  on  timbers  of  structural 
size  and  small  clear  specimens  shows  that  the  effect  of  defects 
in  green  material  is  a  loss  of  about  30%  from  the  strength  value 
of  small  clear  specimens. 

Mr.  Stern:  About  eight  years  ago  a  large  number  of  8  by  16 
in.  Douglas  Fir  bridge  stringers  were  weighed  at  Winona,  Minn. 
Some  of  them  had  been  used  in  bridges  for  five  or  six  years  and 
were  stored  in  the  yard.  Their  weight  per  cubic  foot  was  from  32 
to  33  pounds. 

Mr.  North:  That  would  be  the  air  dry  weight  and  if  the  oven- 
dry  weight  were  determined  as  has  been  described,  such  weight 
would  probably  be  found  as  25  or  26  lb.  per  cu.  ft.  Timber,  like 
other  nonimpervious  materials,  absorbs  and  gives  up  moisture  with 
the  varying  humidity  of  the  surrounding  atmosphere ;  hence  the 
air-dry  weight  is  a  variable  quantity.  Douglas  Fir  is  more  easily 
affected  by  the  humidity  of  the  surrounding  atmosphere  as  it  is 
less  resinous  than  Yellow  Pine  and  therefore  more  permeable  by 
moisture. 

Mr.  Stem:  At  the  same  time  there  were  some  White  Pine 
timbers  there  that  had  been  in  bridges,  and  that  pine  all  showed  up 
as  of  a  lesser  weight  than  the  fir. 

Mr.  North:  It  would,  naturally.  By  reference  to  Circular  213 
you  will  find  its  specific  gravity,  oven  dry,  based  on  volume  when 
green,  to  be  0.363,  and  when  based  on  volume  when  oven-dr\-  to 
be  0.391,  which  is  considerably  less  than  Douglas  Fir.  White  Pine 
is  not  valuable  for  structural  purposes  but  more  so  when  great 
durability  as  to  resistance  to  decay  is  desired. 

F.  E.  Davidson,  m.  w.  s.  e.  (by  letter)  :  This  paper  is  of  great 
interest  to  architects  and  engineers  in  that  it  outlines  at  some  length 
the  physical  properties  of  various  species  of  structural  timber,  and 
has  called  specific  attention  to  the  proposed  new  grading  rules  of 
the  Yellow  Pine  Manufacturers'  Association. 

That  there  is  an  urgent  need  for  a  new  scientific  grading  of 
structural  timber  is  apparent  to  any  one  having  to  do  with  the 
designing  of  buildings  using  structural  timber,  and.  of  course,  with 
the  inspection  of  the  same.  It  has  always  appeared  to  the  writer 
that  the  present  rules  of  the  Yellow  Pine  Manufacturers'  .Asso- 
ciation grading  structural  timber  contain  many  absurdities.  For 
example,  the  existing  standard  specifications  of  the  Yellow  Pine 
Manufacturers'  Association  (see  Hand  Book  on  Yellow  Pine, 
Edition  of  1913.  issued  bv  the  Yellow  Pine  Manufacturers'  Asso- 
ciation, page  117)  for  the  highest  grade  of  structural  timber, 
read  as  follows : 

"No,  1   Common   nimeiision  and   Uc.iw    Joists  will  admit 
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sound  knots,  none  of  which  in  2x4's  should  be  larger  than  2 
inches  in  diameter  on  one  or  both  sides  of  the  piece,  and  on 
wider  stock  which  do  not  occupy  more  than  one-third  of  the 
cross-section  at  any  point  throughout  its  length  if  located  at 
the  edge  of  the  piece ;  or  more  than  one-half  of  the  cross  section 
if  located  away  from  the  edge;  pith  knots,  or  smaller  defective 
knots  which  do  not  weaken  the  piece  more  than  the  knot  afore- 
said; will  admit  of  seasoning  checks;  firm  red  heart;  heart 
shakes  that  do  not  go  through;  wane  ^  of  an  inch  deep  on 
edge,  14  the  width  and  1-3  the  length  of  the  piece;  pitch;  sap 
stain ;  pitch  pockets ;  splits  in  ends  not  exceeding  in  length  the 
width  of  the  piece;  a  limited  number  of  small  worm  holes 
well  scattered,  and  such  other  defects  as  do  not  prevent  its  use 
as  substantial  structural  material." 

With  these  structural  defects  permitted  in  the  highest  grade 
of  structural  timber  manufactured,  would  any  engineer  or  architect 
state  that  there  is  not  now  an  urgent  need  for  a  revision  of  the 
grading  rules?  The  writer  would  recommend  that  in  addition  to 
the  formal  adoption  of  the  suggested  grading  rules,  the  manufac- 
turers of  structural  timber  be  required  to  stamp  each  piece  of 
timber  manufactured  with  its  proper  grade.  This  will  be  of  a  great 
deal  of  assistance  to  architects  and  engineers  in  inspecting  structural 
timbers. 

At  present,  while  the  manufacturers  themselves  have  a  well 
defined  set  of  rules  for  grading,  yet  in  Chicago  at  least  each  whole- 
sale dealer  in  structural  timber  has  his  own  special  rules  for  the 
grading  of  the  same  timber,  and  the  writer  has  found  that  material 
which  wall  grade  as  No.  1  structural  timber  in  one  yard  would 
grade  No.  2  if  delivered  by  another  wholesale  dealer,  and  both 
grades  would  classify  as  No.  2  if  graded  in  accordance  with  the 
manufacturers'  grading  rules.  This  variation  in  grading  rules  was 
the  primary  cause  for  the  reduction  in  the  permissible  fiber  stresses 
of  structural  timbers  permitted  by  the  existing  building  code  when 
the  same  was  under  consideration  some  three  years  ago.  the  old 
building  code  permitting  much  higher  unit  stresses,  for  compres- 
sion, tension,  shear,  etc.,  than  is  permitted  by  the  existing  code, 
the  result  being  that  an  owner  and  architect,  even  if  willing  to 
specify  and  pay  for  the  highest  grade  of  structural  timber,  cannot 
secure  the  benefit  of  the  purchase  of  such  timber,  due  to  the  fact 
that  his  building  will  be  graded  not  by  the  actual  quality  of  timber 
placed  therein,  but  by  the  average  strength  of  the  poorest  grade  of 
structural  timber  now  on  the  Chicago  market. 

Some  few  weeks  ago  the  writer  made  a  personal  investigation 
as  to  the  possibility  of  'securing  from  the  Chicago  wholesale  dealers 
in  structural  timber  first-class  structural  timber.  He  called  three 
of  the  largest  dealers  bv  telephone  and  asked  if  thev  were  prepared 
to  fill  an  order  for  1,000.000  ft.  of  8  by  18  in.  clear  Longleaf  Pine, 
and  was  told  by  each  of  the  dealers  that  thev  would  not  accept 
such  an  order,  as  they  did  not  believe  it  would  be  possible  to  fill  it. 
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The  writer  has  made  further  investigations  by  correspondence 
with  representatives  of  the  southern  mills,  and  is  forced  to  the  con- 
clusion that  the  structural  timber  now  offered  in  this  market  is  of 
a  much  lower  grade  than  it  was  possible  to  secure  a  few  years  ago. 
Only  eight  years  ago  he  was  able  to  secure  a  bill  of  absolutely 
clear  Longleaf  Southern  Pine,  but  no  dealer  today  w^ould  accept 
such  an  order.  He  is  forced  to  the  conclusion  that  the  better  grade 
of  timber  is  now  reserved  for  export,  and  that  the  local  consumer 
must  take  what  is  left,  and  this  in  spite  of  the  oft  repeated  state- 
ment of  mill  owners  that  there  is  just  as  good  timber  standing 
today  as  has  ever  been  cut. 

The  writer  wishes  to  refer  briefly  to  a  statement  contained  in 
the  early  part  of  the  paper,  as  follows :  "The  mechanical  properties 
of  wood  free  from  defects  vary  directly  with  its  dry  weight."  If 
this  statement  refers  to  the  mechanical  properties  of  wood  of  the 
same  species,  then  I  have  no  question  to  raise,  but  if  the  statement 
was  intended  to  convey  the  impression  that  it  is  true  of  all  classes 
of  timber,  then  the  writer  must  take  exception  to  it  as  a  statement 
of  fact,  as  it  is  not  true  in  any  particular  of  timbers  of  different 
species.  For  example,  dry  Whiteoak  averages  about  50  lb.  per 
cu.  ft.  in  weight.  Dry  Southern  Pine  weighs  from  40  to  45  lb.  per 
cu.  ft.  Dry  Hemlock  weighs  only  approximately  25  lb.  per  cu.  ft.. 
but  based  upon  all  tests  of  which  the  writer  has  any  knowledge, 
Longleaf  Southern  Pine  is  the  strongest,  either  in  tension  or  com- 
pression with  the  grain.  It  is  stronger,  even,  than  Oak,  but  Oak 
has  a  much  greater  value  in  compression  across  the  grain,  or  in 
shear  with  the  grain,  while  Hemlock  has  a  much  lower  shearing 
value  with  the  grain  in  proportion  to  its  weight  than  any  other 
structural  timbers.  Tt  must  be  remembered  that  the  shear  with 
the  grain  is  very  frequently  the  deciding  factor  in  determining  the 
theoretical  strength  of  structural  timbers. 

In  this  connection,  the  writer  would  like  to  go  on  record  as 
advocating  the  advisability  of  all  mills  dealing  in  structural  timbers 
certifying  that  the  lumber  when  it  leaves  their  yard  is  free  from 
the  germs  of  dry  rot.  The  increase  in  the  number  of  cases  of  dry 
rot  reported  in  the  last  two  or  three  years  has  caused  a  great  deal 
of  apprehension  in  some  quarters  as  to  how  to  combat  the  apparent 
growing  evil.  The  suggestion  has  been  made  that  all  stmctural  tim- 
ber be  given  an  antiseptic  treatment  as  a  possible  preventive,  and 
other  suggestions  have  been  made,  but  the  writer  for  one  is  of  the 
firm  belief  that  if  structural  timber  leaves  the  mill  in  a  healthy  con- 
dition, and  is  not  contaminated  in  the  yards  of  the  wholesale 
dealer,  and  is  not  used  in  buildings  where  there  will  be  an  unusually 
large  degree  of  humidity,  the  danger  of  dry  rot  attacking  the 
structure  is  very  small. 

In  conclusion,  let  us  urge  upon  the  manufacturers  of  structural 
timber  the  importance  of  properly  grading  their  product,  and  of 
labeling  every  piece  of  timber  so  that  the  architect  or  engineer's 
inspector  at  the  job,  and  the  owner,  if  he  wishes  to.  may  know  in 
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advance  not  only  who  sawed  the  timber,  but  be  able  to  observe 
from  the  stamp  on  the  timber  its  structural  grade.  It  seems  to  the 
writer  that  the  various  grades  of  structural  timber  should  be  as 
well  defined  and  as  carefully  observed  by  the  manufacturers  as  in 
the  manufacture  of  structural  steel.  Therefore,  why  not  have  as 
carefully  prepared  specifications  for  structural  timbers  ?  When  this 
is  done  let  us  as  engineers  use  our  best  eflforts  to  secure  the  neces- 
sary amendments  to  the  existing  building  codes,  so  as  to  give  to 
the  architect  and  owner  who  is  prepared  to  use  the  better  grade 
of  structural  timbers  the  credits  which  he  should  have  from  its 
use.  At  present  w^e  are  compelled  to  admit  that  our  structural  build- 
ings must  be  rated,  not  by  the  actual  material  entering  into  their 
construction,  but  by  the  average  strength  of  the  poorest  grade  of 
structural  timber  which  can  be  secured  in  our  markets.  While  it 
is  true  that  there  is  a  great  deal  of  variation  in  the  permissible 
stresses  for  reinforced  concrete,  when  the  various  building  codes 
of  the  United  States  are  compared,  as  there  are  in  the  permissible 
stresses  of  structural  timbers,  yet  should  not  the  great  engineering 
profession  use  its  best  efforts  to  secure  the  necessary  amendments 
which  would  result  in  a  more  imiform  practice,  and  which  would 
be  more  consistent  with  modern  engineering  knowledge? 

Mr.  North:  If  I  recollect  right,  among  the  first  sentences  of 
my  statement,  I  called  attention  to  the  fact  that  the  present  grading 
rules  do  not  consider  strength  quality.  They  simply  consider  the 
permissible  defects,  and  for  that  reason  the  Association,  which 
proposed  the  rule  under  consideration,  endeavored  to  establish  one 
which  would  guarantee  a  strength  quality.  All  grading  rules  today 
fail  to  take  this  into  account.  As  to  the  exception  taken  to  the 
law  governing  the  mechanical  properties  of  wood  quoted  from 
Bulletin  108,  we  read  as  follows : 

"Investigators  of  the  mechanical  properties  of  coniferous 

woods  agree  on  the  following  laws." 
For  that  reason  I  do  not  see  why  one  would  consider  Oak  in 
that  connection.  The  committee  which  proposes  this  grading  rule 
will  take  up  the  proposition  of  branding  the  timber  with  its  grade 
and  the  name  of  the  producer.  It  is  expected  that  before  long 
Yellow  Pine  timbers  will  come  on  the  market  so  branded.  You 
will  realize  that  this  is  a  very  difficult  proposition  for  lumber  manu- 
facturers to  undertake  and  a  committee  has  been,  and  is  now, 
seriously  considering  the  best  method  of  doing  this.  But  it  is 
their  intention  to  place  a  timber  on  the  market  which  is  branded 
as  plainly  as  the  name  on  a  bag  of  cement.  This  proposed  rule  is 
so  easily  interpreted  that  almost  any  one  could  check  up  the  quality 
of  the  timber  as  it  came  on  the  ground,  by  a  visual  inspection.  I 
would  hardly  expect  any  producer  or  dealer  to  carry  a  stock  of 
one  million  board  feet  of  8  by  18  in.  timbers  to  supply  the  occa- 
sional demand  of  Mr.  Davidson  and  other  architects.  It  is  an 
unusual  size  and  of  limited  demand  and  only  produced  on  order. 
I  also  know  that  a  kind  Providence  never  made  one  million   feet 
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of  "8  by  18  in.  clear  Longleaf  Pine."  Timber  of  this  size  cannot 
be  "clear"  and  it  is  folly  to  put  such  a  word  in  a  specification 
of  this  character.  For  this  reason  1  doubt  if  Mr.  Davidson  ever 
procured  a  bill  of  "absolutely  clear  Longleaf  Southern  Pine"  only 
eight  years  ago  or  at  any  other  time  and  it  would  be  folly  to  expect 
any  dealer  to  accept  such  an  order  "today"  or  at  any  other  time. 
There  is  more  high-grade  virgin  timber  commercially  available 
today  than  at  any  other  time  in  the  history  of  this  country,  but 
none  of  it  is  or  ever  was  "clear"  in  structural  sizes. 

In  the  Alississippi  Valley  I  do  not  consider  the  question  of  dry 
rot  in  buildings  of  material  importance.  I  have  no  personal  knowl- 
edge of  the  destruction  of  any  building  in  this  part  of  the  country 
from  such  a  cause.  There  has  been  a  great  deal  of  discussion 
concerning  dry  rot  since  last  December,  caused  by  a  paper  prepared 
by  j\Ir.  F.  J.  Hoxie,  of  the  Factory  Mutual  Fire  Insurance  Com- 
panies of  New  England,  but  his  paper  states  that  these  cases  of 
dry  rot  occurred  altogether  in  textile  mills  where  there  was  a 
constant  high  temiperature  with  a  corresponding  high  humidity. 
For  such  use  any  timber  except  an  all-heart,  dense  Yellow  Pine 
timber  should  undoubtedly  have  antiseptic  treatment.  We  do  not 
have  textile  mills  in  this  part  of  the  country  and  our  timber  con- 
structed buildings  are  generally  used  for  warehouse  and  manufac- 
turing purposes  where  the  conditions  mentioned  do  not  obtain.  It 
is  a  fact  that  timber  which  is  infected  with  dry  rot  fungi,  if 
properly  seasoned,  or  if  permitted  to  season  in  a  comparatively  dry 
room,  will  not  be  destroyed  by  this  cause.  The  fungi  will  become 
dormant  and  die.  They  cannot  grow,  except  under  conditions  of 
constant  high  humidity,  and  you  cannot  have  high  humidity  without 
high  temperature.  I  do  not  think  that  for  lumber  used  in  buildings 
of  ordinary  occupancy  we  need  be  afraid  of  destruction  by  dry 
rot.  If  there  are  any  gentlemen  here  who  have  had  experience  with 
dry  rot  in  the  Mississippi  \^'\lley,  I  would  be  very  glad  to  know 
of  a  case.     I  think  it  would  be  of  interest. 

P.  M.  Leichcnko,  juy.  w.  s.  f.  :  Mr.  Davidson  told  mo  a  few 
days  ago  that  he  saw  a  case  of  dry  rot  in  the  Western  Electric 
Company  building,  with  laminated  floors  of  2  by  6  in.  or  3  by  6  in. 
and  covered  with  steel  ceiling  underneath.  W^ien  two  years  old 
the  entire  floor  had  to  be  taken  out  and  replaced  with  a  new  floor. 

Mr.  North:  I  would  not  be  at  all  surjirised.  If  a  man  takes 
green  timber  from  the  forest,  as  most  of  it  js,  and  boxes  it  up  tight 
with  no  opportunity  to  be  ventilated  as  it  becomes  seasoned.  I 
would  expect  dry  rot  to  develop.  In  this  case  a  careful  designer 
would  place  the  steel  ceiling  on  2  inch  furring  strips  attached  to 
the  underside  of  the  laminated  floor,  keeping  the  edge  of  the  ceiling 
away  from  the  walls  one  or  two  inches  and  thus  jiermit  a  circulation 
of  air  between  the  steel  and  the  wood.  I  heard  of  a  case  like  that 
which  occurred  here,  possibly  two  years  ago,  in  a  tobacco  factory 
designed  by  Mr.  Geo.  C.  Nimmons.  His  engineer,  Mr.  Owen,  told 
me  that   they  had  a  "sv/eat  room"  which  had  a  suspended  metal 
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lath  and  plaster  ceiling  below  the  wooden  ceihng  above.  They 
built  the  sides  of  this  room  up  to  the  wood  ceiling  above  and 
boxed  in  an  air-tight  space.  They  found  that  dry  rot  had 
developed  in  the  floor  construction  over  this  space,  and  it  was 
discovered  when  it  appeared  outside  of  the  limits  of  this  sweat 
room.  That  was  simply  a  case  of  taking  some  green  timber  and 
boxing  it  up  so  that  it  could  not  ventilate  and  season.  The 
dry  rot  in  this  building  only  appeared  in  this  particular  spot  and 
did  not  appear  in  any  other  part  of  the  floors,  which  simply  shows 
that  if  you  give  the  timber  a  fair  chance  to  season  it  will  not 
become  affected  in  that  way. 

It  is  essential  that  all  timbers  wdiich  are  susceptible  of  being 
attacked  by  fungi  should  have  an  opportunity  to  season  properly, 
and  when  they  do  and  are  kept  reasonably  dry,  they  cannot  become 
destroyed  by  dry  rot  fungi.  I  would  not  for  a  moment  think  of 
putting  a  metal  ceiling  or  plaster  or  anything  else  under  a  solid 
laminated  floor  until  it  was  at  least  two  years  old  and  had  a  chance 
to  become  seasoned  and  the  fungus  become  dormant,  if  there  was 
any  in  it. 

Mr.  Leichenko:     How  about  painting? 

Mr.  North:  I  would  advocate  against  painting  under  two 
years  on  any  solid  timber.  I  think  it  would  be  better  to  simply 
whitewash,  or  something  of  that  kind. 

S.  T.  Sinetters,  m.  w.  s.  e.  :  In  the  American  Trust  Building 
before  the  floors  were  thoroughly  seasoned,  or  before  the  cement 
underneath  the  floor  had  thoroughly  cured,  the  floor  was  covered 
with  linoleum,  and  in  less  than  three  years  places  where  the  desks 
rested  on  the  floor  were  broken  through.  I  was  interested  in  look- 
ing at  the  floor  when  the  linoleum  was  removed.  The  greater  portion 
of  that  floor  had  to  be  removed  because  you  could  pick  out  whole 
strips  of  it  with  your  fingers.  These  strips  seemed  to  run  in 
certain  lines,  and  I  think  you  are  right  in  saying  it  was  at  a  point 
where  it  was  not  ventilated.  I  noticed  over  beams  where  the 
concrete  seemed  to  fit  up  close  to  the  floor  the  rot  was  the  worst, 
and  you  could  almost  follow  the  beams  under  the  floor  by  the 
rotted  wood  above. 

Mr.  North:    Was  that  White  Pine  wood? 

Mr.  Smetters:    No,  it  was  Maple. 

Mr.  North:  I  think  that  is  true  of  any  wood  and  to  prevent 
dry  rot  you  have  to  ventilate  it  up  to  a  certain  point  to  get  the 
moisture  out  of  the  wood  and  keep  it  dry  as  the  fungi  cannot 
grow  in  dry  wood. 

Albert  B.  Cone  (American  Lumberman)  :  A  few  points  have 
developed  on  which  it  occurred  to  me  I  might  have  something  to 
say  later  on.  One  was  to  emphasize  the  point  that  Mr.  North  has 
already  made,  that  the  strength  of  these  various  Southern  Pines  is 
practically  identical.  The  visible  appearance  of  the  woods  is  as 
good  an  index  of  their  mechanical  character  as  is  obtainable  after 
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the  leaves  are  no  longer  accessible.  The  cells  and  wood  structure 
are  nearly  identical  under  the  microscope  with  all  of  the  different 
Southern  Pines. 

The  question  has  come  up  as  to  the  relation  of  the  annual  rings 
and  the  rapidity  of  growth  to  strength  in  hardwoods  as  compared 
with  that  in  conifers.  That  differentiates  entirely  in  the  condition 
of  growth  of  the  two  dift'erent  woods  You  are,  of  course,  all  well 
aware  that  in  hardwoods  the  circulation  of  the  sap  is  taken  care 
of  by  separate  vessels,  the  sap  pores ;  in  some  sorts  of  woods,  as 
in  maple,  these  are  diffused  evenly  throughout ;  while  in  others,  as 
in  different  kinds  of  oak,  they  are  more  plentiful  in  springwood, 
and  the  pores  are  much  larger  there  than  throughout  the  late  wood. 
But  in  oak  or  hickory  or  in  practically  all  of  the  hard  woods,  the 
wood  structure  itself,  outside  of  the  sap  pores,  is  very  much  the 
same  throughout  all  portions  of  the  annual  rings ;  the  wood  structure 
is  much  more  complicated ;  not  nearly  as  simple  as  in  any  of  the 
conifers.  But  the  difference  between  spring  and  summer  growth 
in  the  conifers  is  largely  due  to  the  fact  that  the  cells,  the  only 
class  of  cells  we  have  in  conifers,  are  very  largely  devoted  in  the 
early  portion  of  the  year  to  the  carrying  of  the  sap,  and  those  cells 
are  very  thin-walled  and  light.  Along  later  in  the  year  when  the 
circulation  of  the  sap  is  not  so  great,  the  cells  thicken  up  and 
become  more  compressed  and  botanists  generally  agree  that  that  is 
because  of  the  compression  existing  between  the  wood  on  the  one 
hand  and  the  new  layer  of  bark  on  the  other  hand. 

One  of  the  first  things  that  happens  to  a  growing  tree  in  the 
spring  is  the  bursting  of  the  outer  corky  layer  of  old  bark ;  but  a 
new  layer  is  formed  on  the  inside  of  the  old  bark  in  the  same  way 
that  a  new  layer  is  formed  on  the  outside  of  the  tree,  and  one  is  corky 
bark  and  the  other  is  new  wood.  As  soon  as  this  new  layer  of 
bark  becomes  sufficiently  strong,  then  the  newly  forming  cells  have 
this  pressure  upon  them  and  they  flatten  out.  They  are  as  broad 
as  they  are  in  the  spring  time  but  they  are  more  compressed 
radially. 

If  you  look  at  a  cross-section  of  any  of  these  coniferous  woods 
under  the  microscope,  you  will  notice  that  while  it  looks  as  if  these 
cells  have  but  a  single  wall,  in  some  portions  (particularly  the 
portions  cut  very  thin)  you  will  notice  that  these  walls  are  split 
and  that  these  are  in  reality  all  little  tubes  which  are  forced  to- 
gether and  cemented  together,  and  in  kiln-drying  the  wood  the 
strength  of  the  wood  is  sometimes  impaired  by  processes  which 
tend  to  loosen  up  these  tubes  from  their  connection  with  each  other. 
However,  under  modern  dry-kiln  processes  that  does  not  often 
happen. 

Mr.  North's  definition  of  an  encased  knot  is  good,  but  perhaps 
T  can  make  the  distinction  a  little  better  mechanically.  As  long  as 
a  limb  is  a  live  limb,  as  long  as  it  is  growing,  the  annual  layer  of 
new  wood  stretches  over  the  limb  itself  as  well  as  over  the  tree. 
and  if  yon  cut  through  tli.it  portion  of  the  knot  which  represents 
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the  living  limb,  the  relation  between  the  wood  of  the  limb  and  the 
wood  of  the  tree  outside  is  continuous ;  that  is,  it  is  much  the  same 
as  the  relation  between  the  small  heart  of  the  tree,  and  the  wood 
which  immediately  encases  it ;  but  as  soon  as  the  limb  dies,  in  Yellow 
Pine  and  many  other  woods,  for  some  time  you  can  have  a  very 
solid  dead  limb.  But  now  the  annual  wood,  instead  of  growing 
out  around  the  limb  as  Avell  as  around  the  trunk,  merely  flows  on 
the  surface  of  the  tree  around  that  dead  limb,  and  in  the  course 
of  a  few  years  the  exposed  portion  of  the  limb  becomes  rotten, 
and  a  storm  comes  along  and  breaks  it  off  and  the  wood  grows 
over  the  end  of  it  and  it  becomes  encased.  If  you  cut  through  the 
end  of  that  limb  and  the  wood  growing  around  it,  you  have  what 
is  called  an  encased  knot,  the  wood  of  which  has  become  dead, 
although  sound,  and  not  intimately  connected  with  the  younger, 
newer  wood  which  surrounds  it. 

There  has  been  a  question  asked,  which  Mr.  North  could  not 
answer,  and  I  imagine  none  can  answer  at  the  present  time,  as  to 
the  relation,  the  physical  relation,  between  the  broad  annual  rings 
with  a  large  portion  of  summerwood,  dark  wood,  and  the  finer 
annular  rings  with  a  small  proportion  of  the  dark  wood.  It  is 
apparent  of  course  that  these  differences  in  the  thickness  of  the 
annual  rings  may  result  from  a  number  of  different  causes.  We 
may  have  the  case  where  the  tree  grows  quite  rapidly  in  the  first 
growing  season  and  then  for  some  cause,  perhaps  because  the  dry 
summer  closes  down  on  it  rather  rapidly  or  because  some  of  the 
other  conditions  of  growth  have  changed,  the  tree  does  not  make 
much  of  a  growth  in  the  latter  portion  of  the  year;  or  the  season 
may  be  a  favorable  one  and  that  growth  may  continue.  We  may 
assume  on  the  average  where  the  rapid  growth  is  prolonged  that 
the  structure  is  more  open  generally,  especially  in  the  springwoods. 
The  cells  are  not  only  larger,  but  they  are  thinner-walled.  And  it 
is  probable,  as  Mr.  North  has  said,  that  the  springwood  of  the  large 
annual  ring  will  be  lighter  and  more  brittle  than  the  summerwood 
of  a  tree  which  has  made  a  more  moderate  growth.  Whether 
there  is  any  particular  difference  between  the  dark  summerwood 
of  the  large  ring  and  the  dark  summerwood  of  the  narrow  ring  is 
something  which  those  who  have  studied  these  matters  have  not, 
as   far  as   I  know,  gone  into  very  thoroughly. 

The  question  of  dry  rot  raised  in  Mr.  Davidson's  paper,  Mr. 
North  has  already  answered,  but  I  would  emphasize  the  fact  that 
the  prevention  of  the  growth  of  dry  rot  or  any  other  fungus  is 
largely  a  matter  of  failing  to  give  it  the  proper  conditions  for 
growth.  We  are  all  a  fairly  healthy  looking  lot  here,  and  yet  the 
fact  remains  that  we  probably  in  the  course  of  our  life  in  a  city 
like  Chicago  come  quite  often  in  contact  with  various  germs  of 
disease  and  it  is  not  keeping  ourselves  free  from  that  condition, 
not  keeping  ourselves  in  an  absolutely  sterile  condition  all  the 
time,  which  is  the  secret  of  our  health;  it  is  in  keeping  up  our 
powers  of  bodily  resistance  so  we  can  throw  off  those  germs.     I 
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know  of  no  germs  of  growth  that  are  more  prevalent  under  any 
and  all  circumstances  than  the  spores  of  the  various  forms  of 
fungi.  You  can  prepare  a  bed  of  horse  manure  for  mushrooms 
and  you  will  get  a  nice  bed  of  fungus  of  some  sort  and  even  though 
you  plant  no  mushroom  spawn  you  will  probably  get  some  mush- 
rooms. So  if  you  put  wood  in  a  location  to  give  it  the  conditions 
of  humidity  and  temperature,  it  forms  a  natural  bed  for  the  growth 
of  fungus,  as  was  illustrated  in  the  case  of  the  textile  factories. 
Even  though  the  manufacturers  do  their  very  best  to  protect  their 
timbers,  they  cannot  guarantee  the  sterility  of  the  cars  drawn  over 
miles  of  railroad  ties  which  are  infected  with  this  same  dry  rot 
fungus.  * 

Mr.  North:  Mr.  Newlin  told  me  the  other  day  at  the  Labora- 
tory at  Madison,  that  they  were  making  some  strength  determina- 
tions of  the  summerwood  alone,  getting  small  pieces  and  making 
rather  minute  investigations,  but  investigations  which  they  hope 
will  lead  to  more  knowledge  than  we  now  have  on  the  strength 
value  of  this  portion  of  the  wood.  But  it  will  be  a  year  before  that 
information  is  available. 

/.  IV.  Musham,  ivi.  w.  s.  e.  :  I  would  like  to  ask  Mr.  North  if  it 
is  possible  to  get  as  good  timber  today  as  we  could  have  secured 
eight  or  ten  years  ago? 

Mr.  North:  Go  down  in  the  forests  and  look  at  the  newly 
cut  stumps  of  30  in.  in  diameter  and  over,  to  be  seen  there,  which 
are  250  or  300  or  more  years  old.  I  think  they  are  as  old  practi- 
cally as  the  trees  that  were  cut  fifteen  or  twenty  years  ago.  1 
cannot  see  where  there  is  any  difference  in  fifteen  or  twenty  years 
more  growth  in  these  trees  that  arc  standing  today  than  at  that  time. 

A  Member:    Are  kiln-dried  timbers  shipped  to  this  market? 

Mr.  North:  Not  heavy  timber.  .\  bill  of  timber  for  a  large 
warehouse  is  generally  cut  to  order.  When  it  gets  on  the  job 
there  may  be  not  more  than  five  or  six  weeks  elapsed  time  from 
the  standing  trees  to  the  building.  Kiln-drying  heavy  timber  of 
Yellow  Pine  tends  to  develop  serious  checks,  more  so  than  by  air- 
drying. 

Mr.  Stern:  As  to  the  fir  timbers,  quite  a  large  proportion  arc 
on  account  of  the  freight  haul. 

Robert  S.  Liudstrom  (Architect)  :  Yellow  Pine  for  mill  con- 
struction of  buildings  up  to  90  ft.  in  height  has  a  revival.  T 
think  in  the  last  ten  years  Yellow  Pine  and  mill-constructed  build 
ings  have  supplanted  reinforced  concrete  buildings,  as  concrete  had 
been  a  fad.  The  argument,  some  years  ago.  in  favor  of  reinforced 
concrete  buildings  was  the  saving  of  insurance.  Today  I  think 
reinforced  concrete  engineers  will  agree  with  me  that  any  building 
under  a  loading  of  100  pounds  can  be  most  economically  constructed 
by  mill  building  with  Yellow  Pine.  .\t  the  present  time  we  arc 
getting  a  rating  for  an  area  of  16.000  sq.  ft.,  with  the  building 
sprinkled.      Clients    that   have    reinforced    concrete   buildings   that 
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were  built  eight  or  nine  years  ago,  now  insist  upon  Yellow  Pine 
mill  construction  buildings.  The  greatest  difficulty,  as  Mr.  North 
has  explained,  is  for  architects  and  engineers  to  determine  the 
quality  of  Yellow  Pine  lumber. 

Some  years  ago  \vc  knew  something  about  Georgia  Pine,  but 
today  Georgia  Pine  is  off  the  market.  We  now  select  the  timber 
that  we  think  is  the  strongest,  and  has  the  longest  life  for  mill- 
constructed  buildings,  namely  Longleaf  Yellow  Pine.  A  large 
majority  of  the  architects,  and  I  used  to  do  it  myself,  specify  kiln- 
dried  lumber,  free  from  sap  and  knots.  x\s  a  matter  of  fact,  seven- 
eighths  of  the  material  we  receive  from  the  south  is  put  on  cars 
and  brought  here  as  soon  as  it  is  cut  from  the  trees.  There  is 
no  such  thing,  to  my  mind,  as  a  kiln-dried  12  by  12  Yellow  Pine 
post.  If  we  use  timber  in  the  rainy  season  we  expect  it  to  absorb 
a  certain  amount  of  water,  and  we  do  not  expect  that  much  of  the 
water  will  come  out  of  the  timber  until  the  summer  heat  sets  in  or 
until  the  steam  is  turned  on  in  the  fall.  I  have  found  from  experi- 
ence that  the  timbers  that  come  green  from  the  South,  brought  to 
the  building  through  all  kinds  of  weather,  and  left  to  dry  out  after 
the  building  is  occupied,  begin  to  check  as  soon  as  the  steam  is 
turned  on.  On  later  buildings  I  have  made  it  a  standing  rule  to 
have  the  buildings  open  and  allow  the  timbers  to  dry  during  con- 
struction. 

At  one  time  I  specified  that  the  lumber  for  a  certain  building 
should  be  kiln-dried.  The  timber  was  delayed  thirty  days  in 
transit  and  it  got  soaked  in  a  rain  storm,  with  the  result  that  the 
lumber  was  not  dry  when  put  in  the  building.  Ever}'  mill- 
constructed  building  should  have  close  attention  from  the  engineers, 
during  the  first  year's  occupancy,  because  that  is  when  the  damage 
is  done.  Occupants  will  pile  it  full  of  goods  and  heat  it  to  about 
70  deg.  F.  and  no  new  green  timber  in  a  building  can  stand  that 
temperature  without  checking. 

With  our  present  square  foot  building  rule,  on  a  mill- 
constructed  building  sprinkled,  the  insurance  is  about  12  cents  on 
the  building  and,  we  will  say,  20  cents  on  the  contents.  On  a  rein- 
forced concrete  building  the  msurance  is  40  cents  on  the  building 
and  8  cents  on  the  contents,  unsprinkled.  Thus  we  have  48  cents 
on  a  reinforced  concrete  building,  against  32  cents  on  a  mill- 
constructed  building. 

What  I  want  to  ask  Air.  North  is,  cannot  a  specification  be 
drawn  up  that  all  can  follow  ?  Our  difficulty  is  in  writing  the  speci- 
fications and  with  the  contractor  bidding  on  these  specifications. 
When  the  lumber  arrives  at  a  job  we  have  to  go  ahead  with  our 
building;  we  have  to  take  what  we  can  get.  I  think  we  have 
one  of  the  strongest  building  departments  in  the  world  when  it 
comes  to  giving  us  floor  loadings,  etc.,  provided  timbers  are  of  a 
proper  kind. 

In  a  recent  building  the  posts  and  floor  construction  were  of 
Longleaf  Yellow  Pine  with  a  16  ft.  span,  which,  according  to  the 

September,  1914 


732       Disiussiofi — Grading  Yellow  Pi)tc  Timber  for  Structural  Purposes 

code,  gave  us  1,300  lb.  tiber  stress.  But  not  seeing  the  timbers,  the 
Building  Department  would  only  allow  1,000  lb.  fiber  stress,  due  to 
the  fact  that  there  had  been  so  much  pine  used  that  was  not  Long- 
leaf  Yellow  Pine.  I  asked  for  1,300  lb.  fiber  stress  and  got  it.  1 
asked  for  200  lb.  per  sq.  ft.  live  loading,  but  they  would  only  give 
me  150.  I  think  we  should  get  together  and  decide  upon  the  build- 
ing code  for  Yellow  Pine  stresses  and  see  if  we  cannot  get  some- 
thing substantial  to  give  to  our  clients. 

Mr.  North:  There  is  no  doubt  that  a  great  deal  of  lumber  is 
purchased  on  specifications  different  from  those  Mr.  Lindstrom 
or  other  architects  write.  Through  the  wholesale  and  retail  dealers 
the  architects'  specifications  seldom  get  to  the  producer  in  their 
original  form.  I  feel  that  with  the  grading  rules  such  as  we  have 
proposed  here  and  the  proper  branding  of  material,  all  that  trouble 
will  be  overcome.  From  my  acquaintance  with  manufacturers  1 
believe  that  the  great  majority  of  them  are  men  who  are  disposed 
to  live  up  to  the  specifications  as  they  receive  them. 

I  can  cite  a  case  which  happened  not  long  ago  to  one  of  the 
best  producers  in  the  South,  who  shipped  a  bill  of  first-class  timbers 
to  this  market.  It  was  when  the  association  was  beginning  to 
consider  the  subject  of  branding  their  output.  He  was  interested 
to  see  where  that  material  went,  as  he  had  simply  sold  it  to  a  whole- 
saler and  that  w^as  all  he  knew  about  it.  He  followed  his  lumber 
and  when  the  lumber  got  to  the  job  there  was  more  lumber  in  that 
bill  than  he  shipped  on  that  order.  The  contractor  objected  to  some 
of  the  lumber  and  with  probably  good  reason.  But  this  merchant, 
broker,  wholesaler,  or  whatever  he  might  have  been,  produced  a 
bill  of  lading  from  this  mill  of  very  high  standing  in  the  South,  and 
swore  it  all  came  from  that  place,  and  induced  the  man  to  waive 
his  objections.  That  was  the  best  and  most  convincing  argument 
that  this  producer  ever  had  that  he  should  brand  his  lumber,  because 
his  lumber  is  one  of  most  excellent  quality  and  is  well  known  all 
over  Europe,  but  when  it  comes  into  our  markets  it  is  mixed  up 
with  a  lot  of  inferior  stuff,  and  his  reputation  suffers  from  trade 
practices  which,  under  present  conditions,  he  cannot  regulate.  For 
these  reasons  it  will  be  a  matter  of  but  a  short  time  until  all  lumber 
will  be  branded,  and  if  it  is  not  up  to  grade,  that  producer  cannot 
stay  in  business  very  long. 

Mr.  North  (by  letter)  :  At  Jacksonville.  Florida,  on  May  30, 
1914,  a  committee  of  the  Georgia-Florida  Saw  Mill  Association 
proposed  a  rule  for  grading  Yellow  Pine  lumber  on  a  strength 
basis.  This  committee  was  assisted  by  Messrs.  John  A.  Newlin 
and  Roger  E.  Simmons,  of  the  Forest  Service,  l^.  S.  Department 
of  Agriculture. 

1^he  proposed  rule  reads  as  follows : 

DENSE   SOUTHERN    YELLOW    PIKE. 

Paragraph   I.     For  timbers   and   dimension,    there   must 
show  on  the  cross-section,  between  the  third  and  fourth  inch. 
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measured  radially  from  the  heart  center  or  pith,  not  less  than 
six  annual  rings  of  growth,  a  greater  number  of  which  shall 
show  at  least  one-third  summerwood,  which  is  the  dark  portion 
of  the  rings  of  growth.  Wide-ringed  material  excluded  by 
this  rule  will  be  acceptable,  provided  that  in  the  greater  number 
of  the  annual  rings  the  dark  ring  is  hard  and  in  width  equal 
to  or  greater  than  the  adjacent  light-colored  rings.  In  all  cases 
there  must  be  sharp  contrast  in  color  between  the  spring  and 
summerwood. 

Paragraph  II.  For  sizes,  where  the  center  cannot  readily 
be  determined,  the  following  will  apply :  There  must  show 
on  the  cross-section  an  average  of  not  less  than  six  annual 
rings  of  growth,  a  greater  number  of  which  shall  show  at 
least  one-third  summerwood,  which  is  the  dark  portion  of  the 
rings  of  growth,  and  otherwise  as  provided  for  in  paragraph  I. 

It  will  be  noted  that  this  rule  does  not  specify  the  location  of 
defects,  nor  mention  cross  grain,  etc.,  as  is  the  case  with  the  rule 
proposed  by  the  Yellow  Pine  Manufacturers'  Association.  There 
is  no  heart  specification  as  this  is  to  be  governed  by  the  Interstate 
Rules  of  1905,  which  w^ere  adopted  by  the  Georgia  Interstate  Saw 
Mill  Association,  South  Carolina  Lumber  Association,  New  York 
Lumber  Trade  Association  of  New  York  City,  Yellow  Pine  Ex- 
change of  New  York  City,  The  Liimberm.an's  Exchange  of  Phila- 
delphia, The  Lumber  Exchange  of  Baltimore,  Maryland.  By  these 
rules  the  best  or  "Prime  Grade"  is  defined  as  follows : 

"Dimension  sizes  (6  by  6  and  up).  All  square  lumber 
shall  show  two-thirds  heart  on  two  sides,  and  not  less  than 
one-half  heart  on  two  other  sides.  Other  sizes  shall  show 
two-thirds  heart  on  face  and  show  heart  two-thirds  of  length  on 
edges,  excepting  Avhen  the  width  exceeds  the  thickness  by 
three  inches  or  over,  then  it  shall  show  heart  on  the  edge  for 
one-half  the  length." 

The  "merchantable"  grade  calls  for  less  heartwood  and  the 
"standard"  grade  does  not  mention  heartwood. 

Owing  to  the  small  trees  and  sm.all  diameter  of  the  heartwood 
contained  therein,  the  Interstate  Rules  of  1905  are  as  rigid  con- 
cerning heartwood  as  the  East  Coast  forests  will  admit.  But  when 
great  strength  and  resistance  to  decay  is  required  the  Yellow^  Pine 
Manufacturers'  Association's  proposed  rule  is  preferable  in  so  far 
as  the  location  of  defects  and  percentage  of  heartwood  is  con- 
cerned. The  forests  in  which  the  members  of  this  Association 
operate  contain  trees  of  ample  size  from  which  bridge  and  trestle 
timbers  can  be  produced  as  required  by  the  specifications  that  the 
American  Society  for  Testing  Materials,  the  Yellow  Pine  Manu- 
facturers' Association  and  the  American  Railway  Engineering 
Association  have  jointly  agreed  upon.  These  forests  are  located 
in  Alabama,  Mississippi,  Louisiana  and  Texas. 

Where  durability  alone  is  required  as  to  dry  rot,  any  quality 
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of  lumber  of  sufficient  strength  will  suffice  provided  it  is  treated 
by  soaking  in  a  solution  of  bichloride  of  mercury  according  to  what 
is  known  as  the  Kyanizing  Process. 

There  is  little  difference  in  the  two  rules  as  to  the  description 
of  the  appearance  of  the  wood  in  so  far  as  the  number  of  rings 
<'ind  percentage  of  summerwood  is  concerned.  The  Georgia-Florida 
Saw  Mill  Association  rule  is  shorter  and  more  easily  applied  and 
should  serve  the  purpose  admirably.  Ijut  the  specification  concern- 
ing heartwood,  defects  and  their  location  as  proposed  by  the  Yellow 
Pine  Manufacturers'  Association  is  essential  to  a  high-grade 
material  such  as  will  meet  the  requirements  of  structures  of  the 
first  class. 

If  the  business  associations  of  architects  and  engineers  would 
adopt  some  such  specifications  as  herein  proposed  and  do  so  in 
cooperation  with  the  producers,  the  use  of  those  specifications  would 
speedily  bring  to  our  markets  a  scientifically  graded  and  branded 
material.  It  may  be  that  the  initiative  must  be  taken  by  the  writers 
of  specifications  and  it  would  be  more  effective  if  the  specifications 
were  uniform. 
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THE  100-FOOT  LENGTH  STANDARD 

REPORT  OF  MR.  G.  A.  M.  LILJENCRAXTZ,  CHAIRMAN  OF  COMMITTEE  ON 

A   STANDARD   OF   LENGTH    HAVING   THIS    IN    HAND,    IS 

HEREWITH    PRESENTED. 

Chicago,  111.,  October  30,  1913. 
To  the  Board  of  Direction, 

Western  Society  of  Engineers, 
Chicago. 
Gentlemen : 

Your  Committee  on  a  100- Foot  Length  Standard  has  the  honor 
to  report  that,  after  numerous  delays  of  all  kinds,  this  has  at  last 
been  completed  and  was  graduated  on  the  23rd  instant  by  Prof.  L. 
A.  Fischer,  Chief  of  the  Weights  and  Measures  Division  of  the 
U.  S.  Bureau  of  Standards,  Washington,  D.  C. 

It  must  be  expected,  as  a  matter  of  course,  that  the  Board,  or 
rather,  the  successive  Boards,  as  well  as  interested  individual  mem- 
bers, have  wondered,  at  times,  if  this  Standard  was  ever  to  be  an. 
accomplished  fact;  and  it  is  due  to  all,  including  the  committee 
having  had  the  matter  in  hand,  that  a  statement  be  presented  which 
will  give  the  general  outline  of  the  progress  in  securing  the  final 
result  and  thus  in  a  measure  account  for  the  seeming  dilatory  action 
of  the  committee. 

Your  committee  was  appointed  on  April  12,  1907,  or  about 
six  and  one-half  years  ago,  after  a  preceding  committee  (appointed 
April  4,  1902),  had  for  several  years  attempted  to  secure  a  suitable 
location,  but  without  success,  and  finally  resigned. 

Several  locations  were  suggested  and  investigated  by  the  new 
committee,  both  indoors  and  outdoors,  but  each  was  deemed  un- 
suitable. 

The  architects  for  the  new  County  Building,  Messrs.  Holabird 
&  Roche,  were  consulted  as  to  whether  a  place  might  be  secured 
for  the  Standard  in  that  building,  which  was  then  nearing  com- 
pletion, and  in  a  letter  of  September  30,  1907,  Mr.  Holabird  sug- 
gested that  a  formal  application  for  space  be  made  to  the  Hon. 
Wm.  Busse,  President  of  the  County  Board.  On  October  3rd 
following,  such  formal  request  was  made,  viz. :  for  space  on  the  10th 
floor,  the  only  place  believed  to  be  available.  On  the  following 
day  a  reply  was  received  to  the  efifect  that  the  request  would  be 
submitted  to  the  Board  at  its  next  meeting.  No  reply  having  been 
received  to  April  of  1908,  another  letter  was  sent  on  the  7th  of  that 
month,  requesting  the  favor  of  a  reply. 

No  action  was  taken  bv  the  County  Board,  however,  and  as 
the  contemplated  location  in  the  County  Building  had  several 
objectionable  features,  and  as  the  erection  of  a  new  City  Hall  had 
been  decided  upon,  a  letter  was  sent  to  the  Commissioner  of  Public 
Works,  Mr.  John  J.  Hanberg.  on  May  25,  1908.  requesting  him  to 
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consider  the  proposition  of  furnishing  a  suitable  room  for  the 
Bench  in  the  new  building. 

The  matter  was  taken  up  with  the  architects,  who  in  a  letter 
dated  December  14,  1908,  to  Commissioner  Hanberg,  recommended 
that  a  room  in  the  northeast  corner  of  the  basement  of  the  new 
building  be  provided  for  the  purpose. 

The  proposition  received  the  informal  approval  of  the  Com- 
missioner; a  plan  was  prepared  and  submitted  for  approval  to  the 
Board  of  Direction  of  the  Western  Society  on  January  2,  19CK.). 
At  the  Board  meeting  held  on  January  18,  1909,  the  report  of  your 
committee  was  approved  and  the  committee  "was  empowered  to 
accept  the  location  for  the  Standard  of  Length  in  the  basement  of 
the  new  City  Hall,  provided  that  no  financial  obligations  of  the 
Society  are  involved ;  the  committee  to  be  continued." 

In  an  interview  with  Commissioner  Hanberg,  on  or  about 
February  20,  1909,  he  stated  that  he  had  directed  the  architects 
to  make  all  necessary  provisions  for  the  space  required ;  that  the 
City  would  provide  all  expense  in  preparing  the  room,  and,  "if 
necessary,  he  would  recommend  that  the  City  pay  for  the  rod  or 
bar ;"  also,  that  he  would  approA'e  a  place  when  submitted  by  the 
architects  and  formally  authorize  the  work  to  be  done. 

Plans  were  accordingly  made  and  approved,  and  a  copy  of  the 
."^ame  sent  to  the  U.  S.  Bureau  of  Standards  on  February  25,  1909, 
for  consideration  and  suggestions  as  to  any  desirable  modifications. 
Under  date  of  March  2,  1909,  the  Director  of  the  Bureau  approved 
the  plans  with  some  modifications,  notably  that  of  supporting  the 
rod  on  brackets  instead  of  on  a  concrete  bench,  as  shown  on  the 
plan.  The  modifications  were  naturally  made  as  suggested  and 
new  plans  were  made  accordingly. 

On  November  11,  1909.  the  committee  reported  progress  to 
the  Board  of  Direction  and  submitted  a  letter  granting,  through  the 
architects,  authority  to  proceed  with  the  installation.  The  report 
contained  sundry  recommendations,  among  which  that  authority 
be  granted  the  committee  to  'have  the  work  done,  at  an  expense  that 
we  estimate  will  not  exceed  $225.00." 

At  a  meeting  of  the  Board,  held  (~>n  December  30,  1909,  the 
above  report  was  accepted  and  the  "committee  continued  with 
nuthority  to  proceed  to  procure  and  install  the  Standard  of  Length 
in  accordance  with  the  report."  The  following  conditions  were 
stipulated  by  the  Board  at  that  time : 

"First,  that  the  City  should  agree  to  maintain  the  Standard  of 
Length  without  expense  to  u<?.  Second,  that  our  donation  should 
be  accepted  in  regular  form  by  the  Mayor  and  Council,  through 
appropriate  resolutions,  which  should  also  provide  for  the  mainte- 
nance of  the  Standard  as  above." 

It  was  also  decided  that  a  bronze  plate  be  made  containing  a 
statement  of  the  presentation  of  this  Standard  to  the  City  by  the 
Western  Society  of  Engineers,  by  whom  it  was  installed  and  cali- 
brated, etc.,  such   pintc  to  be  hung  on  the  wall   of  the   Standard 

Vol.  XTX,  No.  7 


LiljeHcraiitz — 200-Foot  Length  Standard 


737 


room.  The  data  for  the  plate  were  submitted  to  the  Board  for 
approval  at  a  meeting  held  on  October  1st,  1912,  and  approved; 
the  Board,  however,  very  kindly  added  thereto  the  names  of  the 
members  of  the  committee.     The  tablet  so  approved  is  as  follows: 


The  work  of  erection  of  the  new  City  Hall  was  progressing 
favorably;  the  space  for  the  Standard  was  duly  set  apart  and 
completed,  but  on  September  12,  1911,  information  was  received 
from  the  City  Architect  to  the  effect  that,  while  wires  for  electric 
lighting  of  the  room  had  been  properly  installed,  there  had  been 
no  authority  obtained  for  the  necessary  fixtures.  A  request  for 
such  fixtures  was  made  on  May  2,  1912,  to  Mr.  L.  E.  McGann,  who 
had,  prior  to  this  time,  succeeded  Mr.  Hanberg  as  Commissioner  of 
Public  Works.  The  authority  was  granted  and  on  June  21,  1912. 
the  City  Council  passed,  by  a  unanimous  vote,  an  order  officially 
authorizing  the  Commissioner  to  permit  the  Western  Society  of 
Engineers  to  install  the  Standard  of  Length  as  proposed.  A  con- 
dition was  imposed  by  the  Commissioner  providing  that  plans  should 
be  submitted  for  hi?  approval,  which  was  done.  During  the  winter 
between  1911  and  1912  the  room  v/as  occupied  by  the  workmen  who 
v\-ere  engaged  in  installing  electric  wires,  etc.,  in  the  building,  for 
storing  their  tools  and  materials,  and  no  work  could  be  done  on  the 
Length  Standard. 

The  preliminary  work  of  making  and  placing  of  the  brackets 
for  the  support  of  the  rod  was  done  by  Mr.  Peter  Heer,  a  member 
of  this  Society  and  Vice-President  of  the  Eugene  Dietzgen  Co., 
who  had  at  an  early  date  submitted  an  estimate  of  cost  of  his  work, 
amounting  to  $121.00.  Mr.  Heer,  in  the  meantime,  however, 
severed  his  connection  with  the  company,  but  on  request  in  a  letter 
of  August  5,  1912,  the  Dietzgen  company  agreed  to  complete  the 
work  begun  by  Mr.  Heer.  Still  the  committee,  well  acquainted 
with  the  long  experience  of  Mr,   Heer  in  this  class  of  work  and 
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with  his  reputation  for  accuracy  and  precision,  finding  him  unen- 
gaged and  available,  considered  it  very  desirable  to  have  him  finish 
the  work  he  had-begun,  and,  having  obtained  the  considerate  consent 
of  the  Eugene  Dietzgen  Co.  to  relinquish  their  right  in  favor  of 
Mr.  Heer,  he  was  requested  to  resume  operations.  Unavoidable 
delay  in  getting  the  steel  rofl  welded,  as  well  as  sickness  and  neces- 
sary absence  from  the  city  of  Mr.  Heer,  caused  further  loss  of  time. 

Department  of  commerce 


(HfrtifiratF 


FOR 

100  FOOT  BEKCH  STANDARD. 


auBMrmsBY 

Western  Society  of  Engineers , 
Chicago.,  111. 


Tills  certifies  that  the  inter'/als  of  the  above  Eench  Standard, 
located  in  the  City  Kail,  Chicago,  111.,  have  been  compared  with 
standards  of  the  United  States  at  a  temperature  of  83  F,  and  the 
results  when  reduced  to  £2  F.  (  or  to  20  C.  for  the  Eietric  in- 
tervals) using  an  assumed  coefficient  of  linear  expansion  of 
0.00000647  per  degree  F.  give  the  follo'.ving  corrections  at  the 
■'standard  temperature. 

INTERVAL   COF.RECTIOi:  AT  63°  F,    INTERVAL    CORRECIION  AT  ZD°   C. 

(C  to  1  ft.)  +0.002  inch       (0  to  1  a)                    +0.2  nan 

(0  "   3  "  )  +0.001  "          (0  "   20  ")         -0.2  xm 

(O  "   10  "  )  C.OOl  "          (0  "   50  ")          0.0  asa 

(C  "   25  "  )  0.000  " 

(o  "   50  "  C.OOC  " 

(O  "   65  "  )  -0.C02  " 

(0  "100  "  )  +0.002  " 

A  plus  (+)  correction  ceans  that  the  interval  is  longer  thai; 
its  nominal  length,  a  minus  (-)  correction  that  it  is  too  short. 

TeM  JVo.     142S2 
"°™  «         Wdshin^on,  D.  C.    October  24,  1915.  n-*« 

On  ['"ebruary  IS,  l*n.\  the  rod  had  been  welded,  and  the  wt)rk 
of  polishing  the  same,  fini.shing  the  rollers  on  which  it  rests,  and 
the  woodwork  around  it,  and  finally  inserting  the  platinum-irfdium 
plates  for  the  gradur.tion  marks  was  all  completed  and  the  Bureau 
of  Standards  notified,  on  July  26,  19LS,  that  all  was  ready  for  the 
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calibration  of  the  rod.  A  reply  was  received  to  the  effect  that, 
owing-  to  an  excessive  amount  of  work  in  their  office,  there  would 
be  some  necessary  delay,  which  proved  to  extend  until  the  23rd  of 
October,  1913,  when  the  graduation  was  completed,  tested,  and 
found  of  a  high  degree  of  accuracy. 

GENERAL   DJLSCRIPTION    OF   THE   STANDARD. 

The  accompanying  sketch  shows  in  place,  elevation,  and  cross- 
section  the  general  arrangement  of  the  apparatus;  also  the  location 
of  the  room  in  the  building. 

The  room  allotted  to  the  Bench  is  about  8  ft.  in  width  and 
108  ft.  in  length.  The  steel  rod  is  2  in.  by  Vz  in.  and  102  ft.  in 
length.  It  was  made  in  six  pieces,  as  it  would  have  been  impracti- 
cable to  either  transport  a  rod  of  the  full  length  through  the  streets, 
or  bring  it  through  the  winding  corridors  into  its  designated  place. 
The  pieces  were  welded  together  by  the  oxy-hydrogen  process. 
The  rod  rests  on  rollers  secured  to  brackets  3  ft.  6  in.  apart,  which 
are  fixed  to  the  wall  of  the  room  with  screw  bolts  in  such  a  manner 
as  to  allow  of  perpendicular  adjustment,  and  the  top  surface  of  the 
rod  was  thus  secured  in  a  level  plane. 

The  rod  being  in  proper  place  and  level,  small  metal  plates, 
5/16  in.  in  diameter,  were  inserted  flush  with  its  top  surface  at 
each  place  where  a  graduation  mark  was  to  be  placed,  viz :  at 
the  following  points:  at  zero  (0),  1  foot,  1  yard,  1  meter,  10  feet, 
25  feet,  50  feet,  66  feet,  20  meters,  30  meters,  and  100  feet.  The 
plates  were  made  from  an  alloy  of  90%  platinum  and  10%  iridium, 
as  per  suggestion  of  the  Bureau  of  Standards.  At  the  zero  end  of 
the  rod  there  is  provided  a  clamp  for  holding  the  end  of  a  tape  line 
to  be  tested.  At  the  other  end  there  is  provided  a  spring  balance. 
The  rod  was  graduated  on  October  23rd  by  Prof.  L.  A.  Fischer,  of 
the  U.  S.  Bureau  of  Standards,  Washington,  D.  C,  and  his  official 
report  is  submitted  herewith. 

The  following  persons  and  parties  should  be  mentioned  as 
especially  deserving  the  appreciation  of  the  Society  for  the  interest 
shown  and  services  rendered  in  connection  with  the  establishment 
of  the  Bench. 

The  architects,  Messrs.  Holabird  &  Roche,  gave  very  valuable 
and  important  assistance  in  securing  the  consent  and  in  arranging 
for,  as  well  as  in  fitting  up,  the  room  for  its  intended  use.  Without 
their  kind  assistance,  many  more  difficulties  would  undoubtedly 
have  been  met  with. 

The  two  Commissioners  of  Public  Works,  Mr.  John  J.  Han- 
berg  and  Mr.  L.  E.  McGann,  respectively,  showed  great  interest  in 
the  work  and  through  their  influence  gave  very  material  aid  in 
securing  results. 

Mr.  Charles  Kallal,  City  xA.rchitect,  installed  the,  electric  lights 
with  their  fixtures  and  attended  to  the  necessary  furnishing  of  the 
room. 

Mr.  Peter  Heer,  who,  for  the  Eugene  Dietzgen  Co.,  began  the 
installation  of  the  brackets  and  steel  rod,  later  completed  the  ad  just- 
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ments,  placed  rollers,  platinum  plates  and  other  accessories  with 
extreme  precision  and  care,  devoted  a  great  deal  of  his  time  to  this 
work  gratuitously  and  charged  the  Society  only  for  the  cost  of 
materials  used. 

We  desire  to  especially  mention  that,  in  inserting  the  platinum 
plates  for  the  graduation  marks,  these  were  located  with  such 
accuracy  that  practically  every  graduation  mark,  as  made  by  Mr. 
l^scher,  was  found  almost  exactly  in  the  center  of  the  platinum 
])lates.  The  only  place  that  showed  any  notable  variation  from 
this  was  the  mark  indicating  30  meters. 

Geo.  P.  Nichols  &  Brother,  members  of  this  Society,  were  in 
possession  of  the  necessary  appliances  for  welding  the  separate 
parts  of  the  steel  rod  together,  and  they  kindly  offered  to  do  this 
work  free  of  charge.  When,  however,  the  time  was  ripe  for  having 
the  welding  done  (quite  a  period  having  elapsed  since  their  promise 
was  made),  they  had  dispossessed  themselves  of  their  outfit.  Never- 
theless, they  secured,  at  their  own  expense,  the  needed  apparatus 
and  workmen  and  caused  the  work  to  be  done  free  of  any  expense 
to  the  Society. 

The  Eugene  Dietzgen  Co.,  who  (through  their  vice-president. 
Mr.  Peter  Heer),  installed  the  earlier  part  of  the  work,  the  brackets 
and  parts  of  the  rod,  etc.,  very  kindly  contributed  these  parts  of 
the  work  free  of  any  charge. 

SUMMARY,   IN   BRIEF,  OF  DONATIONS  .\XD   EXPENDITURES   IN   CONNEC- 
TION  WITH   THE  CONSTRUCTION  OF  THE    100- FOOT  STAN- 
DARD OF  LENGTH. 

1 .      DONATIONS. 

The  City  of  Chicago  furnished,  for  the  exclusive  use  for  this 
purpose,  a  room  in  the  basement  of  the  new  City  Hall  with  furnish- 
ings including  electric  light  fixtures  and  current,  etc. 

The  Eugene  Diet::gen  Co.  furnished  the  materials  for  and  the 
work  of  construction  and  installing  of  the  brackets  and  the  steel  bar. 

Geo.  P.  Nichols  &  Brother  furnished  apparatus  and  labor  for 
welding  the  steel  bar. 

Mr.  Peter  Heer  furnished  all  labor  and  supervision  of  the 
installation  of  the  several  parts  of  the  Standard,  and  attended 
several  meetings  of  the  committee  in  an  advisory  capacity. 

2.      EXPENSES  PAID  BY  THE  WESTERN   SOCIETY. 

Woodwork  and  materials  on  the  bench $141.94 

Mr.  L.  A.  Fischer,  hotel  bill,  meals  and  traveling 

expenses    48.3.^ 

Bureau  of  Standards,  testing  charge 15.00 

Bronze  plate,  casting,  finishing  and  hanging 16.9.S 

Spring  balance  and  attachments 5.50 

Varnish,  brush,  etc.,   for  woodwork 3.25 

$230.99 
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In  conclusion,  the  committee  respectfully  recommends  that 
suitable  resolutions  be  passed  presenting  the  Standard  of  Length 
to  the  City  of  Chicago,  through  the  Honorable,  the  Mayor,  and  the 
City  Council,  with  the  request  that  the  same  be  formally  accepted 
by  the  City  Council  by  ordinance  or  resolutions  providing  for  the 
care  of  the  same  and  for  its  being  kept  available  for  such  engineers, 
surveyors,  and  others  of  the  public  having  occasion  to  make  use 
of  the  same. 

(Signed)         G.  A.   M.   L[liencrantz, 
C.  D.  Hill, 

A.    C.    SCHRADER, 

Committee. 


December  23,  1913. 
Honorable  Lawrence  E.  McGann, 

Commissioner  of  Public  Works, 
Chicago. 
Dear  Sir: 

The  Western  Society  of  Engineers  has  completed  the  installa- 
tion of  the  lOO-Foot  Standard  of  Length  in  the  room  set  aside  for 
this  purpose  in  the  basement  of  the  City  Hall.  The  Standard  has 
been  graduated  by  the  U.  S.  Bureau  of  Standards,  of  Washington, 
D.  C. 

The  Western  Society  of  Engineers  now  tenders  to  the   City 
this  Standard,  as  set  forth  in  the  accompanying  resolution. 
Kindly  transmit  the  resolution  to  the  City  Council. 
Very  respectfully, 

(Signed)         J.  H.  Warder, 

Secretary. 

December  23,  1913. 
To  the  Mayor  and  City  Council 

of  the  City  of  Chicago. 
Gentlemen : 

At  a  meeting  of  the  Board  of  Direction  of  the  Western  Society 
of  Engineers,  held  at  their  rooms  in  the  Monadnock  Block,  Chicago, 
on  the  twenty-second  day  of  December,  1913,  the  following  resolu- 
tion was  unanimously  adopted : 

Whereas,  the  Western  Society  of  Engineers  has,  for  some- 
thing more  than  ten  years,  endeavored  to  secure  a  suitable  location 
for,  and  to  establish  therein,  a  Standard  of  Length  for  the  con- 
venience and  use  of  engineers,  surveyors,  and  others  having  occasion 
to  ascertain  the  accuracy  of  their  tape  lines,  chains,  or  other 
measures  of  length :  and 

Whereas,  the  City  of  Chicago,  by  a  resolution  passed  by  the 
City  Council  on  June  21,  1912,  and  approved  by  the  Mayor,  has 
provided  such  a  room  in  the  City  Hall,  for  the  purpose  stated ;  and 

Whereas,  the  Western  Society  of  Engineers  has  caused  to  be 
established   therein     a    lOO-Foot    Standard   of    Length,   accurately 
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graduated  by  a  duly  authorized  representative  of  the  United  States 
Bureau  of  Standards  in  Washington,  D.  C. ; 

Now  therefore,  we,  constituting  the  Board  of  Direction  of  the 
Western  Society  of  Engineers,  for  and  on  behalf  of  the  said  Society, 
tender  the  said  Standard  of  Length  to  the  City  of  Chicago,  with 
the  respectful  request  that  the  City,  by  proper  ordinance  or  resolu- 
tion, accept  the  same  and  appoint  a  custodian  to  have  charge  of 
it,  and  provide  for  its  accessibility  to  any  and  all  persons  having 
occasion  to  make  use  thereof. 

(Signed) 

Ai.r.ERT  Reichmann,  President. 

A.  'Bemext,  Vice-President. 

B.  E.  Grant,  Vice-President. 
J.  F.  Hayford,  Vice-President. 

C.  R.  Dart,  Treasurer. 

E.  McCuLLouGii,  Trustee. 
J.  G.  GiAVER,  Trustee. 

F.  E.  Davidson,  Trustee. 

J.  W.  Alvord,  Past  President. 

0.  P.  CnAiMRERLAiN,  Past  President. 
W.  C.  Arm.'^trong,   Past  President. 
R.  F.  ScHUCHARDT,  Member. 

1.  F.  Stern,  Member. 
Langdon  Pearse,  Member. 


December  29,  1913. 
The  Honorable, 

The  Board  of  Direction,  Western  Society  of  Engineers, 
1735  Monadnock  Block,  Chicago. 
Gentlemen : 

I  have  your  letters  of  the  23d  instant,  transmitting  resolutions 
presenting  to  the  City  of  Chicago,  on  behalf  of  the  Western  Society 
of  Engineers,  a  one  hundred  foot  Standard  of  Length,  to  be  in- 
stalled in  a  space  set  aside  for  it  in  the  City  Hall  building. 

I  have  transmitted  your  letters,  with  the  resolution,  to  the  City 
Council,  stating  that  the  Standard  will  be  placed  in   the  custody 
of  the  Superintendent  of  Maps,  as  recommended  by  your  Society. 
I  enclose  herewith  a  copy  of  my  letter  to  the  City  Council. 
Thanking  you,  I  am. 

Very  truly  yours. 

(Signed)         L.  E.  McGann. 
Commissioner  of  Public  Works. 


December  2^.  1013. 
The  Honorable, 

The  Mayor  and  City  Council. 
Cientlemen : 

I  transmit  herewith  communication  from  Mr.  j.  H.  Warder, 
Secretary  of  the  Western  Society  of  Engineers,  transmitting  a  noti- 
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hcation  and  resolutions  from  the  Western  Society  of  Engineers,  to 
the  effect  that  the  100-foot  Standard  of  Length  has  been  installed 
in  the  apartment  set  aside  for  the  preservation  of  this  Standard. 

This  Standard  is  for  public  use,  and  has  been  placed  in  the 
custody  of  the  Superintendent  of  Alaps,  as  recommended  by  the 
Western  Society  of  Engineers. 

This  is  in  accordance  with  provision  by  the  Committee  on  City 
Hall  construction,  as  authorized  by  resolution  of  the  Citv  Council 
June  21,  1912. 

Yours  very  trulv, 

(Signed)"        L.  E.  McGaxn, 
Commissioner  of  Public  Works. 


May  29th,  1914. 
Western  Society  of  Engineers, 

53  W.  Jackson  St.,  Chicago,  Illinois. 
Gentlemen : 

On  March  30th  last  the  City  Council  passed  an  ordinance 
formally  accepting  the  U.  S.  100-foot  Standard  of  Length  installed 
in  the  basement  of  the  City  Hall  by  your  Society.  A  copy  of  the 
ordinance  is  enclosed  herewith,  marked  in  red. 

I  am  requesting  Mr.  T.  C.  Phillips,  in  charge  of  the  Survey 
Division  of  this  Bureau  and  also  a  meml^er  of  your  Society,  who 
will  present  this  communication,  to  take  up  with  your  Committee 
the  proposition  of  establishing  a  set  of  rules  and  regulations  gov- 
erning the  use  of  this  Standard. 

Yofirs  very  truly, 

(Signed)         J.   D.  Riley, 

Superintendent  of  Maps. 


At  a  meeting  of  the  Chicago  City  Council,  reported  March  30th, 
1914,  a  certain  report,  which  had  been  presented  March  23rd,  was 
called  up,  concurred  in,  and  passed  unanimously,  which  is  as  fol- 
lows: 

Whereas,  in  a  communication  dated  December  29,  1913,  the 
Commissioner  of  Public  Works  transmitted  to  the  City  Council  a 
communication  from  the  Western  Society  of  Engineers,  with  refer- 
ence to  the  installation  in  the  basement  of  the  City  Hall  of  a  one 
hundred  (100)  foot  Standard  of  Length  in  accordance  with  a  reso- 
lution passed  by  the  City  Council  June  21st,  1912;  and, 

Whereas,  said  communication  respectfully  requested  the  City, 
by  proper  ordinance  or  resolution,  to  accept  same,  and  to  appoint 
a  custodian  to  have  charge  of  it ;  and, 

Whereas,  in  a  communication  from  the  Commissioner  of  Public 
Works,  the  Superintendent  of  Maps  was  placed  in  custody  of  same, 
said  communications  being  filed ;  therefore, 

Be  it  ordained  by  the  City  Council  of  the  City  of  Chicago : 

Section  1.  That  the  City  of  Chicago  hereby  accepts  the  in- 
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slrument  known  as  the  one  hundred  foot  Standard  of  Length,  in- 
stalled in  the  basement  of  the  City  Hall  by  the  Western  Society 
of  Engineers. 

Section  2.  That  the  Superintendent  of  Maps  is  hereby  desig- 
nated Ex-Officio  Custodian  of  the  Standard  of  Length. 

Section  3.  This  ordinance  shall  be  in  effect  from  and  after  its 
j)assage. 


June  5,  1914. 
Mr.  John  D.  Riley,  Supt.  of  Maps, 

City  Hall,  Chicago,  111. 
Dear  Sir: 

Your  letter  of  ^Lay  29th,  by  the  hand  of  Mr.  T.  C.  Phillips, 
was  received,  and  laid  before  the  Board  of  Direction  of  this  Society 
at  their  last  meeting,  the  early  part  of  this  week.  The  Board  in- 
structed the  writer  to  notify  the  committee  who  had  charge  of 
the  preparation  and  installation  of  this  Standard  of  Length  to  con- 
fer with  you,  and  formulate  a  set  of  rules  and  regulations  governing 
the  use  of  this  Standard  of  Length.  The  committee  has  been  so 
notified,  and  it  is  hoped  that  they  may  formulate  these  rules  in  the 
\ery  near  future,  after  conferring  with  you  on  the  same. 
Very  respectfully  yours, 

(Signed)         J.  H.  \\'.\rder. 

Secretary. 


June  5,  1914. 
Messrs.  G.  A.  M.  Liljencrantz.  C.  D.  Hill  and  A.  C.  Schrader, 

Committee  of  the  W.  S.  E.  on  the  .Standard  Measure  of  Length. 
Gentlemen : 

At  the  last  meeting  of  the  Board  of  Direction,  a  letter  from 
Mr.  John  D.  Riley,  Supt.  of  the  Bureau  of  Maps.  City  Hall.  Chicago, 
was  presented,  in  which  he  expressed  a  wish  that  a  set  of  rules 
and  regulations  should  be  prepared  governing  the  use  of  the  100- 
foot  Standard  Measure  of  Length,  in  the  basement  of  the  City 
Hall.  The  action  of  the  Board  was  to  refer  this  letter  to  you,  the 
Committee  on  the  Standard  of  Length,  \\\\h  a  request  that  you 
confer  wath  Mr.  Riley,  and  ]irepare  a  set  of  rules  governing  the  use. 
etc.,  of  this  Standard  Measure  of  Length.  Tlie  writer  would 
respectfully  suggest  that  this  receive  your  early  attention,  for  the 
reason  that  when  at  the  City  Hall  this  morning  he  found  the  neces- 
sity for  some  such  rules,  because  of  the  tendency  of  those  using 
the  Standard  of  Length  to  mark  on  the  same  when  making  a 
comparison  with  other  apparatus.  A  letter  will  go  to  Wr.  Ri|ey, 
apprising  him  of  this  action  of  the  Board,  in  requesting  the  com- 
mittee to  prepare  these  rules. 

\Vrv  respectfully  yours. 

(Signed)         J.  H-  W akdkr. 

Secretary. 
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To  the  Board  of  Direction,  Chicago,  111.,  July  25,  1914. 

Western  Society  of  Engineers, 
Monadnock  Block,  Chicago. 
Gentlemen : 

In  compliance  with  your  request  in  letter  dated  June  5,  1914, 
to  the  Committee  on  the  "U.  S.  Standard  of  Length,"  to  establish, 
in  conjunction  with  the  custodian  of  the  said  Standard,  certain 
rules  governing  the  use  of  the  Standard,  the  committee  has  to 
report  that,  after  going  over  the  matter  carefully  with,  and  in  the 
office  of,  the  custodian,  Mr.  John  D.  Riley,  of  the  Map  Department, 
City  Hall,  a  set  of  rules  were  agreed  upon  and  adopted. 

A  copy  of  the  adopted  rules  is  respectfully  enclosed  herewith. 

This  being  probably  the  last  action  expected  of  the  committee, 
I  venture  to  suggest  that  the  committee  be  discharged. 

For  the  Committee :  Very  respectfully  yours, 

(Signed)         G.  A.  M.  Liljencrantz, 

Chairman. 

RULES  FOR  THE  USE  OF  U.  S.  STANDARD  OF  LENGTH 

INSTALLED  IN  CITY  HALL,  CHICAGO.  ILLINOIS, 

BY  THE  WESTERN  SOCIETY  OF  ENGINEERS. 

1.  Applicants  desiring  to  compare  measures  with  the  U.  S. 
Standard  of  Length  in  the  basement  of  the  City  Hall,  Chicago. 
Illinois,  will  apply  to  the  custodian,  John  D.  Riley,  Superintendent 
of  Maps,  Room  410,  City  Hall. 

2.  The  room  containing  the  U.  S.  Standard  of  Length  will 
be  kept  locked,  and  admission  thereto  permitted  only  in  company 
with  a  representative  of  the  custodian. 

3.  A  record  of  persons  availing  themselves  of  the  use  of  the 
Standard  will  be  kept  in  a  register  provided  for  that  purpose. 
The  record  shall  show  the  date,  the  name  of  the  person  comparing 
measure,  the  occupation  or  business  of  such  person,  the  firm  or 
corporation  he  represents,  the  number,  kind  and  length  of  measures 
compared  with  the  Standard,  the  temperature  of  the  room,  the 
result  of  the  test,  and  name  of  custodian's  representative. 

4.  The  Standard  will  be  available  for  use  during  the  regular 
office  hours  of  the  Bureau  of  Maps  and  Plats,  namely,  from  9:CX) 
A.  M.  to  5  :00  P.  M.  each  day  except  holidays,  Sundays,  and  Satur- 
day afternoons. 

5.  Persons  using  the  Standard  for  comparing  measures  are 
cautioned  to  use  great  care  in  adjusting  metal  tapes  upon  any  of 
the  platinum  disks,  to  avoid  wear  and  erosion  of  the  delicate  marks 
on  them. 

6.  Marking  or  scratching  of  any  part  of  the  bar  or  its  aux- 
iliary parts  is  prohibited. 

7.  Testing  of  chains  directly  on  the  Standard  rod  is  pro- 
hibited. Chains  may  be  compared  with  a  steel  tape  tested  on  the 
Standard. 

8.  It  is  the  duty  of  the  custodian's  representative  to  enforce 
the  above  rules,  to  see  that  equipment  is  left  in  order,  and  to  lock 
up  room  at  the  conclusion  of  tests. 
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MIDSUMMER  EXCURSION  TO  CLEARING 

Exactly  at  1 :30  p.  m.,  July  25tli,  four  coaches  of  members 
and  their  friends,  275  in  all,  left  the  Dearborn  Station  on  the  excur- 
sion to  Clearing-.  The  first  stop  was  at  21st  Street,  near  the  Penn- 
sylvania Railroad's  new  lift  bridge  over  the  South  Branch  of  the 
Chicago  River.  This  bridge  is  of  the  vertical  lift  type  and  has  a 
single  two-track  span.  The  old  swing  bridge  was  still  in  service, 
although  it  has  since  been  removed  and  the  new  bridge  put  into 
operation.  The  new  bridge  was  lowered  as  far  as  the  old  one 
permitted,  and  several  of  the  more  daring  spirits  climbed  .the  narrow 
stairs  in  the  tower  and  out  onto  the  bridge. 

The  next  stop  was  at  79th  Street,  where  the  grades  of  the 
Rock  Island  and  the  Chicago  &  Western  Indiana  roads  are  being 
separated,  in  addition  to  the  elevation  of  both  lines  above  the  street. 
This  work  contemplates  an  ultimate  development  of  five  Rock  Island 
tracks  crossing  over  ten  Western  Indiana  tracks.     From  the  special 


Track   Elevation   at   Seventy-ninth   Street. 

train  a  section  of  track  elevation  of  the  Western  Indiana  road  a 
mile  and  a  half  in  length  was  viewed,  the  work  being  in  all  stages 
of  completion  from  temporary  tracks  and  concrete  work  to  finished 
tracks  on  their  embankments  and  street  subways.  At  79th  Street 
one  flagman  controls  the  movements  of  more  than  400  trains  a  day 
over  the  old  grade  crossing. 

A  particular  feature  of  this  work  is  the  use  of  huge  movable 
gallows  frames  from  which  wall  moulding  forms  are  hung.  These 
forms  mould  a  24-foot  section  of  a  40-foot  wall  in  12  hours. 
Concrete  piles  arc  being  used  under  all  wall  and  abutment  founda- 
tions;  over  16,000  of  them  have  been  used  on  this  work,  this  being 
one  of  the  largest  pile-driving  jobs  on  record. 

Apparently   engineers   harl    taken   advantage   of   the   "Camera 
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War"  as  many  a  roll  received  an  imprint  of  the  Stonehenge-like 
arches  and  towers  which  make  up  the  "Shell  Abutments." 

From  79th  Street  the  party  journeyed  west  to  Clearing  over 
the  Belt  Railway  of  Chicago,  passing  enroute  another  section  of 
track  elevation  a  mile  and  a  half  in  length,  where  four  Belt  tracks 
and  two  Wabash  tracks  are  being  elevated. 

The  train  entered  the  Clearing  Yard  at  the  east  end,  passed 
through  the  West  Bound  "Receiving  Yard,"  and  on  up  the  approach 
tracks  to  the  hump,  taking  the  same  route  as  will  the  freight  trains 
when  the  yard  is  ready  for  operation. 

Arriving  at  the  hump  the  men  left  the  coaches  to  inspect  the 
track  work  and  interlocking  bridge,  from  which,  at  a  height  of  60 
feet  above  the  ground,  a  splendid  view  of  the  yard,  and,  in  fact,  the 
whole  surrounding  country,  was  obtained.     Many  men,  even  rail- 


The  Clearing  Yard. 
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road  engineers,  were  amazed  at  the  vast  expanse  of  tracks  lying 
on  all  sides ;  the  55  track  Classification  Yards  to  the  east  and  west ; 
two  "run-around"  tracks  beneath  the  hump,  an  interlocking  plant 
(on  a  bridge)  above  the  hump,  the  Locomotive  Repair  Shops  to 
the  north;  130  miles  of  tracks  in  one  huge  yard,  with  a  capacity 
of  handling  10,000  cars  a  day;  the  Interlocking  Plant  which  controls 
the  movements  of  four  trains  at  once  toward  the  hump  and  the 
classification  of  cars  in  two  directions  into  four  sets  of  26  classi- 
fication tracks  each,  was  a  feature  that  aroused  great  interest. 

Members  of  the  Society,  who  have  been  connected  with  the 
design  and  construction  of  the  yard,  were  kept  busy  explaining  the 
various  features  of  the  yard.     All  present  came  away  with  a  vivid 
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impression  of  the  importance  and  complexities  of  railroad  terminal 
facilities  in  large  cities. 

Climbing  aboard  the  train  again  the  party  was  taken  west 
through  the  Classification  and  Departure  Yards,  still  following  the 
future  course  of  freight  cars,  to  the  west  end  of  the  yard  nearly 
five  miles  from  the  east  end  where  the  yard  was  first  entered.  From 
there  the  train  backed  along  a  "nm-around"  track  on  the  surface 
of  the  ground  to  the  Locomoti\e  Shops,  where  a  stop  was  made  to 
view  the  Store  House,  Roundhouse,  Boiler  Shop,  Coaling  Station, 


At  Clearing. 

Car  Repair  Tracks,  Power  House  and  other  facilities  being  built 
to  care  for  cars  and  engines. 

The  ice  water  in  the  cars  and  the  Entertainment  Committee's 
cigars  added  a  much  appreciated  "human  interest"  touch  to  this,  as 
well  as  other  portions  of  the  trip. 

Leaving  the  shops,  a  tired  but  happy  and  interested  crowd 
climbed  aboard  the  train  for  the  return  home,  discussing  enroute  the 
vast  undertakings  ihvA  had  been  seen.  Promptly  on  time,  at  6:00 
p.  m.,  the  train  arrived  at  the  Dearborn  Station,  evcrvbofly  happy, 
after  a  successful  and  interesting  trip. 
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BOOK  REVIEWS 

THE    BOOKS     REVIEWED    ARE    IX     THE    LIBRARY    OF    THIS     SOCIETY. 

Theory  of  Arches  and  Suspension  Bbidges.  By  J.  Alelan.  Translated  by 
D.  B.  Steinman,  Chicago.  Alyron  C.  Clark  Publishing  Co.,  19i;5.  Cloth ; 
6  by  9  inches;  pp.  303.     Price,  $3.00. 

Professor  Steinman  has  done  a  great  service  to  all  English  speaking  en- 
gineers in  translating  this  treatise  on  Arches  and  Suspension  Bridges  by 
Professor  IMelan.  The  students  of  this  subject  find 'the  works  of  engineers 
and  teachers  of  Continental  Europe  a  very  fruitful  ground  for  study,  and 
much  labor  has  been  expended  in  laboriously  wading  through  works  in 
foreign  languages  in  the  hope  of  getting  some  particular  enlightenment  on 
some  especial  work.  Unfortunately  the  knowledge  of  foreign  languages  is 
not  particularly  highly  developed  in  our  American  engineers,  and  the  effort 
to  follow  the  line  of  close  reasoning  in  a  practically  unknown  language 
usually  leaves  the  seeker  after  knowledge  in  a  very  befuddled  state  of  mind. 
The  extent  of  foreign  investigation  on  the  subject  of  Professor  Melan's 
work  is  very  clearly  indicated  in  the  extensive  biblio,graphy  given  at  the  close 
of  his  book. 

During  recent  years  this  fact  has  been  appreciated  more  than  ever  before, 
and  reference  works  such  as  the  above  are  being  translated  into  English  by 
men  who  like  Professor  Steinman  have  specialized  along  the  same  lines 
of  work. 

This  book  is  essentially  a  reference  work  and  not  for  the  use  of  the 
designer  who  is  not  already  practically  familiar  with  the  subject.  The  Ger- 
man method  of  starting  at  the  beginning  and  taking  nothing  for  granted,  is 
followed.  The  progress  is  so  rapid,  however,  that  it  is  almost  essential  for 
the  engineer  to  have  gone  through  the  simpler  exemplification  of  this  subject 
by  writers  like  Greene,  Burr,  Turneaure  and  others. 

The  mass  of  mathematical  analysis,  with  the  constant  use  of  the  Greek 
alphabet,  is  quite  likely  to  frighten  the  average  engineer.  The  book  repays 
close  study.  It  aims  to  give  the  student  a  general  basic  working  principle, 
but  it  is  questionable  if  it  really  does  so. 

In  the  opening  chapters  a  masterly  exposition  of  the  conditions  of  stat- 
ical determinacy  or  indeterminacy  is  given,  as  also  the  general  forms  into 
which  hinged  and  fixed  arches  may  be  resolved. 

Practically  all  possible  combinations  are  considered  somewhere  or  other 
in  this  book,  and  it  is  hard  to  conceive  of  any  form  of  arch  structure  which 
has  not  received  more  or  less  attention,  both  from  the  analytic  and  the  graph- 
ical method  of  treatment. 

Among  the  subjects  treated  are  the   following: 

Flexible  arch  and  unstiffened  cable. 

Stiffened  suspension  bridges. 

The  arched  rib. 

Plate  girder  arches  with  straight  extrados. 

Cantilever  arches. 

Continuous   arches. 

Arch  and  suspension  systems  with  open  webs. 

Framed  arches  of  various  kinds. 

Combination  of  arched  rib  with  straight  truss  and  with  cable. 

Elastic  theory  applied  to  masonry  and  concrete  arches. 

The  book  deserves  a  place  in  the  library  of  every  practicing  engineer  who 
has  anything  to  do  with  structures  of  any  kind,  and  will  amply  compensate 
him  for  all  time  devoted  to  the  study  of  its  pages.  I.  F.  S. 

The  Mississippi  River  Flood  Problem.  How  the  floods  can  be  prevented. 
John  A.  Fox,  Secretary-Manager  Mississippi  River  Levee  Association, 
Memphis.  Tenn.,  1914.  Leather  bound ;  64  pp. ;  9  by  13  in. ;  many  illus- 
trations. 
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"^ 
This  handsome  book  has  been  prepared  and  published  as  a  memorial  to 
Congress,  to  induce  action  and  enact  legislation,  to  prevent  the  recurrent 
Mississippi  River  floods,  which  result  in  such  serious  loss  of  life  and  prop- 
erty. The  text  does  not  treat  of  the  more  narrow  and  exact  technical  and 
engineering  matters  of  design,  construction,  and  costs  of  levee  building, 
but  by  means  of  its  numerous  illustrations  it  does  present  in  a  forcible  man- 
ner what  it  means  to  have  such  floods,  the  vast  territory  aflfected,  and  the 
misery,  discouragement,  and  loss  that  follow  There  are  three  good  pictures, 
of  President  Wilson  and  Past  Presidents  Taft  and  Roosevelt,  with  quota- 
tions from  the  political  platforms  of'  each  of  the  three  parties,  in  which  the 
statements  are  made  that  this  matter  is  of  national  concern,  and  that  the 
Federal  Government  should  render  assistance  in  the  physical  operations  neces- 
sary to  control  and  curb  the  destructive  floods.  A  map  on  page  14  shows  the 
extent  of  the  drainage  basin  of  the  Mississippi  River,  from  Idaho  in  the 
northwest  to  Western  New  York,  Western  Pennsylvania  and  West  Virginia 
on  the  east,  and  from  near  the  Great  Lakes,  southward  to  Northern  Texas, 
Mississippi,  Alabama  and  Georgia,  an  area  of  1,240,050  square  miles. 

The  area  subject  to  overflow  is  stated  at  29,000  square  miles,  nearly  as 
much  as  the  state  of  South  Carolina,  or  the  area  of  Scotland.  The  state- 
ment is  also  made  that  the  cost  of  completely  protecting  this  area  of  the 
Mississippi  Delta  by  a  system  of  levees  is  estimated  at  $60,000,000,  and  for 
comparison  the  cost  of  reclaiming  22,000  square  miles  in  Egypt  by  the 
British  Government  was  $53,000,000.  Other  interesting  facts  are  presented 
in  this  book,  and  the  author  presents  some  of  the  plans  proposed  to  prevent 
these  recurrent  floods,  and  also  shows  the  futility  of  any  system  of  reservoirs 
to  hold  back  the  excess  stream  flow.  Also,  that  though  the  cutting  of  the 
forests  may  have  increased  the  run-off,  reforestation  will  not  now  cure  the 
trouble.  There  have  been  serious  floods  in  the  Mississippi  Valley  for  over 
a  century  past,  not  every  year  perhaps,  but  at  frequent  recurring  intervals, 
and  the  evidence  seems  complete  that  leveeing  is  the  only  protection  to  this 
region.  Illustrations  in  the  book  show  that  shape  and  dimensions  of  efTectivc 
levees,  and  also  methods  employed  to  protect  the  river  banks  from  erosion 
by  the  uses  of  mattress  work  and  riprapping.  In  this  the  Mississippi  River 
Commission  engineers  have  shown  much  skill  and  ability.  When  such  work 
is  completed  and  the  river  is  restrained  within  its  bounds,  a  great  acreage  of 
fertile  land  will  be  available,  and  the  book  presents  some  fine  pictures  of 
results  which  will  be  had,  abundant  crops  of  cotton,  corn,  sugar  cane,  rice, 
fruit  orchards,  and  cattle  raising,  and  not  of  less  importance  is  the  saving 
of  life  and  property,  and  the  encouragement  of  settlement  and  farming  opera- 
tions, which  has  been  such  uphill  work  in  the  past.  By  all  means,  have  the 
Federal  Government  take  hold  of  this  work,  push  it  forward,  and  reclaim  the 
Mississippi  Delta  lands  from  these  frequently  recurring  and  devastating  floods. 

Report  on  Coal  in  Alaska  for  Use  in  United  States  Navy.  House  Docu- 
ment 876,  63rd  Congress,  2d  Session,  Washington,  1914.  Pam.  125  pp. ; 
6  by  9  in.  and  12  pp.  of  illustrations,  with  two  folded  maps. 

This  is  a  report  of  a  survey  and  tests  of  Alaska  coal  to  determine  its 
suitability  for  naval  use. 

The  Bering  River  District  was  selected  as  furnishing  coal  most  likely 
to  be  acceptable  for  the  purposes  in  contemplation. 

The  report  contains  a  general  description  of  the  topography  and  geology 
of  the  district,  with  geological  and  geographical  maps,  also  more  detailed 
descriptions  of  the  various  drainage  basins  of  the  district. 

Numerous  steaming  and  other  tests  were  made  of  the  coal  and  similar 
tests  of  Pocahontas  coal  were  made  for  comparison. 

The  conclusion  is  that  the  coal  is  not  suited  to  use  on  naval  vessels 
owing  to  too  low  evaporative  power  (5.04  lb.  per  sq.  ft.  of  heating  surface, 
against  8  lb.  required)  and  too  low  a  ratio  of  combusion  per  sq.  ft.  of  gradr 
surface   (10.11  lb.  against  .10  lb.  required). 

A  most  interesting  and  valuable  report,  nevertheless  W.  S.  B. 
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Chicaco  City  .Manual,  IDl.i.  Prcparccl  Ijy  I'Vancis  A.  luistinan,  City  Statis- 
tician, Chicago  Bureau  of  Statistics  and  .Municipal  i.ihrary.  19!:!.  ;22:i 
pp.  including  index;   (>  by   '.)   in.;   cloth  l)ound. 

.-\  very  interesting  hook,  containing  many  facts  of  interest  even  to  an  old 
time  resident  of  the  city.  The  geographical  situation  of  the  city,  taken  hy 
observations  in  1S,j8  for  the  dome  of  the  Court  House  is  S7  deg.,  :{8  min.,  ].:i 
sec.  longitude,  west  from  Greenwich  (England),  and  41  deg.,  5:{  min.,  6.2  sec. 
north  latitude.  This  was  determined  by  U.  S.  Engineer,  Lt.  Col.  J.  D.  Gra- 
ham, and  duly  reported  to  the  War  Department  at  Wasliington,  D.  C.  .\ 
very  interesting  and  readal)le  historical  sketch  introduces  the  reader  to 
"Town  and  City"  the  first  24  years  of  Chicago,  covering  nearly  fifteen  pages, 
and  is  followed  by  several  pages  of  short  biographies  of  noted  early  citizens 
and  otificers  in  the  city  government,  .\nother  interesting  portion  relates  to 
"Chicago  Railroad  Building  in  the  Fifties."  Another  portion  gives  a  history 
and  migrations  of  the  Chicago  Post  Office,  which  is  of  interest  to  those  who 
only  know  the  present  Federal  Building.  An  interesting  chapter  tells  of  the 
Chicago  Reduction  Company  being  brought  to  terms,  and  covers  OJ^  pages. 
Then  comes  a  statement  of  the  Civil  Service  Commission  and  the  City 
Council.  The  Government  of  the  City  of  Chicago,  its  several  departments, 
and  the  officers  of  the  same,  occupies  some  34  pages.  The  book  is  quite  a 
Cyclopedia  or  Directory  of  the  various  parts  of  the  city  government,  and  is 
a  mine  of  information  for  those  who  have  anything  to  do  in  a  business  way 
with  the  city.  This  includes  the  Aldermen,  the  Board  of  Education,  the 
Park  System  and  its  government,  the  Sanitary  District,  the  various  Courts, 
and  many  other  matters  of  interest  to  live,  wide-awake  citizens  of  this 
great  city. 

The  city  authorities  and  ]\Ir.  Eastman  are  to  be  congratulated  for  their 
success  in  producing  such  an  interesting  and  vakialile   .Manual. 

A  Treatise  of  Wooden  Trestle  Bridges  and  Their  Concrete  Substitutes, 
.According  to  the  Present  Practice  of  American  Railroads.  By 
Wolcott  C.  Foster.  Fourth  Revised  and  Enlarged  Edition.  John  Wiley 
&  Sons,  New  York,  1913.  Cloth ;  9  by  12  in. ;  440  pages ;  profusely  illus- 
trated.    Price   $5.00. 

The  first  edition  of  this  standard  w^ork  appeared  in  ls91  and  a  second 
enlarged  edition  was  called  for  in  1894.  A  third  edition  was  called  for  in 
1900.  containing  much  new  matter  on  the  renewal  and  replacing  of  trestles, 
tool  equipment  for  pile  drivers,  preservation  of  timbers,  examples  of  electric 
railroad  trestles,  etc.  The  present  edition  is  best  described  by  the  author  in 
the  Preface  as  follows: 

"In  revising  this  work  it  is  believed  that  it  has  been  brought  down  to 
the  present  time.  While  at  first  glance  it  might  seem  as  though  the  wooden 
trestle  was  losing  its  importance  in  railroad  work,  it  and  its  substitutes  have 
in  reality  been  growing  in  importance.  Wooden  trestles  may  be  gradually 
disappearing  from  main  lines  of  heavy  traffic,  liut  the  increased  growth  of 
branch  lines  or  feeders  and  of  trestles  at  manufacturing  plants  and  for  elec- 
tric railways  have  probably  more  than  kept  pace  with  its  abandonment  on 
main  lines. 

Many  of  the  railway  clu!)s  and  engineering  associations  have  permanent 
committees  on  wooden  bridges  and  trestles,  and  much  good  work  has  been 
done  by  them  during  the  past  ten  years.  Their  proceedings  have  been  drawn 
on  heavily  in  this  revision.  New  matter  has  been  added  to  every  chapter. 
Various  standards  and  rules  of  practice  adopted  by  the  different  associations 
have  been  included  in  their  proper  places.  Two  new  chapters,  one  giving  a 
short  outline  of  timber  preservation  and  one  on  concrete  trestles,  have  been 
added  to  the  book. 

The  plates  in  Part  II  have  been  nearly  doubled  in  number  and  include 
many  examples  of  the  latest   practice,   especially   for  heavy  traffic. 

.\n  entire  new  part,  giving  a  very  extensive  biI)liography  of  the  sul)ject 

September,  1914 


754  Hook  Reviews 

and   of   related   matters  of   interest   in   trestle  liuildiny   and    maintenance,   has 
been  added. 

It  is  hoped  that  this  revision  will  prove  of  benefit  and  use,  not  only  to 
those  engaged  in  steam  railroad  work,  but  also  to  those  engaged  in  electric 
railway   work  and  to  manufacturing  plants   having  or  desiring  to  construct 
elevated  tracks   for  the  cheap  handling  and  unloading  of  materials. 
Ill  1     ..  E.  McC. 

Chemical  Reagents;  Their  Purity  and  Tests.  Authorized  translation  on 
Priifung  der  Chemischen  Reagenzien  auf  Reinheit  (Zweite  Auflage)  von 
E.  Merck.  By  Henry  Schenck,  A.  B.  (Harvard).  2nd  ed.  D.  Van 
Nostrand  Co.,  New  York,  1914.  Cloth,  6  by  9  in. ;  pp.  199,  including 
index.     Price,   $1.00   net. 

This  is  a  new  edition  of  the  well-known  work  which  has  been  heretofore 
pul)lished  by  the  Van  Nostrand  Co.  Several  improvements  have  been  made 
in  this  new  edition;  for  example,  many  new  uses  of,  and  methods  of  testing, 
the  reagent  chemicals  are  described,  as  also  new  reagents  which  have  come 
into  use;  likewise  the  addition,  in  parenthesis,  of  the  percentage  of  the 
minimum  amount  of  the  impurity  which  the  test  would  recognize. 

The  table  at  the  end  of  the  Ijook,  upon  tlie  preparation  of  test  solutions, 
and   brief  instructions   for   making  them,   is  of   value. 

Altogether  the  work  is  one  of  great  value  to  chemists,  and  should  be 
found  in  every  laboratory.  The  typographic  work  is  perfect.  The  work 
cannot   be   too  highly   spoken   of. 

The  index  of  authors,  to  whom  reference  is  made,  an<l  their  works, 
is  of  value. 

The  subject  index  is  a  convenience,  although  the  work  is  arranged 
alphabetically;  and  it  constitutes  a  good  cross-reference  list.  W.  S.  B. 
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THE  FUTURE  SANITARY  PROBLEM  OF  CHICAGO 

.\  .Sympo.stuim. 

Presented  April  30,  iQij. 

President  Lee:  The  Western  Society  of  Engineers  is  particu- 
larly fortunate  in  having  as  guests  this  evening  several  eminent 
engineers  who  are  exceechngly  well  known  in  their  specialties. 

This  Society,  as  many  of  you  know,  is  a  general  Society  which 
embraces  engineers  in  all  the  various  specialized  departments  of  the 
work.  We  have  a  number  of  Sections  which  deal  particularly  v/ith 
the  specialized  work  of  the  Sections.  Nevertheless,  we  are  all 
proud  to  be  members  of  the  general  Society  where  we  can  all  meet 
on  a  common  ground  and  occa.sionally  discuss  questions  of  broad 
general  interest. 

The  Western  Society  welcomes  its  guests  tonight.  We  are 
honored  by  their  presence  here.  We  are  particularly  honored 
because  some  of  them  are  from  what  to  many  of  us,  either  in  the 
immediate  or  the  more  remote  past,  was  the  mother  country. 

From  necessity,  the  experience  and  training  of  the  sanitary 
engineer  in  the  old  coimtry,  and  the  practice  of  sanitary  engi- 
neering of  which  our  guests  are  such  distinguished  exponents,  no 
doubt  began  at  an  earlier  time  than  in  this  country,  although  perhaps 
the  advance  made  in  the  science  may  have  kept  step  here  with  the 
I)rogress  there. 

As  our  meeting  tonight  is  directly  concerned  with  a  subject  of 
particular  interest  to  sanitary  engineers  and  as  this  is  a  meeting 
of  the  Hydraulic,  Sanitary  and  Municipal  Section  of  the  Society. 
1  take  pleasure  in  calling  upon  our  past  president,  Mr.  J.  ^^'  Alvord. 
to  take  charge  of  the  meeting  as  its  presiding  officer. 

/.  W.  Alvord,  M.  w.  p.  E. :  Mr.  President  and  Gentlcnun  of 
the  Western  Society : 

It  may  be  of  interest  to  you  to  know  something  of  the  mow^'- 
ment  which  has  led  to  our  having  present  with  us  these  distinguished 
gentlemen  from  whom  we  will  hope  to  hear  a  few  words  later  on. 

Growing  cities  never  come  to  a  standstill  in  their  sanitary 
requirements.  Cycles  of  progress  occur  in  which  certain  problems 
are  worked  out,  and  the  necessary  works  completed,  after  which 
there  come  times  when  we  pause  to  take  stock,  to  have  an  account- 
ing, so  to  speak,  to  see  where  we  are,  and  inevitably  we  find,  after 
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we  draw  a  long  breath,  that  we  must  look  again  into  the  future, 
because  the  future  inevitably  has  for  us  new  problems — fresh  and 
often  different  problems  Avhich  we  must  be  prepared  to  meet  as 
they  arise. 

It  has  recently  seemed  desirable  to  the  Chicago  Real  Estate 
Board,  as  representing  many  of  the  largest  tax-paying  interests  of 
this  city,  that  some  sort  of  review  might  be  had  of  our  present 
river,  harbor  and  sanitary  situation,  and  particularly  as  to  our 
sanitary  problems,  so  that  some  sort  of  an  outlook  into  the  future 
might  be  had  to  show  us  clearly  what  we  must  do  to  take  care 
of  the  coming  population  which  we  can  see,  or  think  we  can  see, 
is  pressing  upon  us  for  sanitary  protection. 

Through  the  very  public-spirited  generosity  of  Mr.  Henry  H. 
Walker,  of  the  Chicago  Real  Estate  Board,  whom  we  have  the 
pleasure  of  having  with  us  tonight,  funds  have  been  provided  for 
the  use  of  the  River  and  Harbor  Committee  of  the  Chicago  Real 
Estate  Board  for  this  purpose,  and  after  careful  consideration  by 
that  committee  the  distinguished  gentlemen  who  are  here  tonight 
(and  who  have  been  at  work  fo'f  the  last  two  weeks)  have  been 
selected  to  look  over  the  situation  and  a.'j'^''''^  "^  as  to  these  import- 
ant matters. 

In  order  to  formulate  the  situation,  the  ^^'^^^  ^"^  Harbor 
Committee  of  the  Real  Estate  Board  framed  up  a  sciT^  ^^  questions 
which  it  thought  adequately  presented  the  sanitary  proWems 
which  are  imminent  in  the  city  of  Chicago  and  its  environ  '^  ""*  ^^^^ 
near  future.  I  do  not  know  that  all  of  you  have  had  an 'o,'^P°/'' 
lunity  to  realize  what  those  problems  are,  and  perhaps  it  mig""* 
interest  you  to  hear  the  series  of  questions  which  we  have  had  put 
to  these  gentlemen: 

1.  Assuming  that  all  of  the  sewage  and  trade  wastes  of 
the  Sanitar>-  District  are  to  be  dealt  with  by  a  dilution  flow  of 
water  from  Lake  Michigan,  what  is  the  proper  ratio  of  dilu- 
tion water  to  population  for  Chicago  to  count  upon  in  the 
future  ? 

2.  Assuming  that  trade  wastes  and  solids  are  to  be 
separated  from  the  sewage  flow  at  intercepting  sewer  outlets 
and  treated,  what  is  the  best  location  and  method  for  such 
treatment,  and  what  ratio  of  dilution  flows  to  population  in 
the  niain  drainage  channel  may  be  safely  allowed  for  jiroper 
purification  of  the  effluent  water  after  such  treatment? 

3.  Is  it  the  best  course  for  the  citv  to  relv  on  full  and 
complete  treatment  of  the  sewage  from 'its  outlying  territory 
and  the  application  of  Lake  Michigan  flow  to  the  sewage  of 
the  central  districts  of  the  city,  or"  would  it  be  better  to  par- 
tially purify  all  of  the  sewage  by  initial  treatment  by  screens. 
or  in  tanks,  or  both,  at  a  large  number  of  stations  throughout 
the  district,  leaving  the  diluting  flow  of  water  from  Lake 
Michigan  to  complete  the  trontnicnt? 
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4.  Is  it  best  to  concentrate  the  sewage  flow  for  partial 
treatment  at  one  or  two  main  stations  or  should  it  be  collected 
in  a  larger  number  of  small  districts  and  dealt  with  in  smaller 
installations  ? 

5.  To  what  extent  is  it  desirable  to  purify  sewage  under 
our  present  conditions,  in  the  view  of  the  uses  and  conditions 
in  the  channels  and  rivers  into  which  our  drainage  is  now 
discharged  ? 

6.  To  what  extent  is  it  desirable  to  construct  branch  dilu- 
tion channels  receiving  at  their  upper  ends  dilution  water  in 
place  of  collecting  and  intercepting  sewers  reaching  to  the  main 
channel  ? 

7.  To  what  extent  has  the  dumping  and  spreading  of 
dredgings  from  the  river  into  the  Lake  proved  to  be  dangerous 
to  the  purity  of  the  water  supply,  and  to  what  extent  should 
It  be  limited? 

8.  What  should  be  done  to  improve  the  sewage  condi- 
tions in  such  specially  objectionable  districts  as  the  South 
Branch,  in  the  Stock  Yards  district,  the  West  Fork  and  the 
North  Branch  in  the  factory  district? 

9.  Should  trade  wastes  be  dealt  with  at  private  or  public 
expense  and  how  may  they  best  be  treated  under  the  conditions 
here? 

10.  Assuming  that  the  general  government  will  limit  the 
amount  of  water  to  be  taken  from  the  Great  Lakes  for  Chicago 
Sanitary  Purposes  to  10,000  cu.  ft.  per  second,  what  supple- 
mentary works  will  be  necessary,  how  soon  should  they  be 
begun,  and  what  will  be  their  approximate  cost? 

11.  To  what  extent  should  reliance  be  had  for  a  pure 
water  supply  upon  the  prevention  of  accidental  pollution  of 
the  Lake  by  steamships  and  commerce  carriers,  or  from  the 
deposit  of  dredgings,  and  when  should  reliance  be  had  upon 
the  purification  of  the  water  supply  bv  filtration,  sterilization 
or  other  purification  methods? 

12.  Will  a  harbor  on  the  Lake  Front  prove  to  be  in  any 
way  a  menace  to  our  water  supply  as  at  present  located,  and 
derived,  and  if  so,  what  steps  can  be  taken  to  prevent  the 
contamination  of  the  water  supply  from  that  source? 

I  think  we  can  well  appreciate  that  these  gentlemen  have  had 
something  to  think  about  during  their  stay  at  our  lake-front  hotels 
Une  of  them  asked  me  rather  diffidently  the  other  day  if  thev 
really  were  expected  to  answer  every  one  of  those  questions  com'- 
pletely  and  I  assured  him  that  to  some  extent  those  questions  were 
torrnulated,  not  because  we  expected  complete  answers  from  them 
at  this  time  but  in  part  because  we  wanted  the  public  to  realize 
tnat_  there  is  an  important  problem  here  and  what  that  problem 
consists  of  Undoubtedly  answers  to  some  of  these  questions  can 
only  be  obtained  after  years  of  study  and  the  co-operation  of 
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the  city,  the  Heahh  Department,  and  the  Sanitary  District,  and 
the  analytical  and  technical  work  which  they  have  under  way  now. 
and  should  begin  in  the  near  future.  But  fundamentally  these  are 
the  questions  which  must  be  solved,  and  these  gentlemen  who  are 
with  us  tonight  can  bring  to  their  solution  resources  of  long 
experience  in  many  ways  and  in  widely  differing  localities. 

Here  in  Chicago  we  have  many  and  varied  ideas.  I  counted 
up  this  afternoon  some  twenty-five  diff"erent  ideas  which  I  have 
heard  advanced  in  one  way  and  another  as  to  the  various  phases 
and  the  merits  or  demerits  of  this  and  that  part  of  our  sewage, 
drainage,  water  stipply  and  river  problems.  And  while  I  won't 
inflict  them  upon  you,  you  doubtless  could  recall  many  of  them. 

Now,  as  to  this  future  sanitary  problen.i  of  Chicago,  I  think 
we  all  realize  that  there  is  foimd  a  great  advantage  in  bringing  in 
fresh  minds,  minds  which  have  not  been  so  close  in  touch  with  this 
jjroposition  that  any  one  phase  of  it  would  perhaps  obscure  the 
rest  of  it,  as  is  sometimes  the  case  with  some  of  us  who  live  here 
and  who  are  in  daily  touch  with  all  these  questions.  In  a  sort  of 
half-formulative  way  we  who  are  close  to  these  problems  gain 
opinions  without  really  realizing  that  we  are  taking  any  particular 
stand.  And  so  it  seems  to  be  highly  desirable  to  go  way  outside 
of  our  own  circle  to  obtain  a  clear  perspective  and  bring  in  fresh 
minds  that  can  review  this  whole  situation  and  bring  to  it  a  long 
experience  of  a  general  character. 

We  have  with  us  tonight  as  one  of  these  specialists,  a  gentle- 
man who  has  been  very  jirominent  in  the  study  of  the  solution  of 
the  sewage  disposal  problem  of  the  city  of  New  York.  I  think  it 
would  be  a  surprise  to  many  of  our  Western  Society  members  to 
know  that  New  York  City  has  a  sewage  disposal  problem.  T  know 
it  was  a  surprise  to  me  when  it  was  first  suggested  to  me.  I  always 
had  recalled  that  great,  broad  harbor  of  New  York  and  imagined, 
without  much  reflection,  that  the  city  of  New  York  at  least  would 
never  be  troubled  with  sewage  disposal  problems.  Hut  they  have 
been  studying  very  carefully  and  very  thoroughly  such  jjroblems. 
and  I  think  you  will  be  interested  to  hear  something  ab. nu  the 
work  which  they  have  been  doing. 

Dr.  George  A.  Soper,  who  not  only  is  a  distinguished  .sanitarian 
l)Ut  for  the  past  nine  years  as  President  of  the  Metropolitan  Sewer- 
age Commission  of  New  York  has  been  carefully  studying  condi- 
tions there,  is  with  us  and  I  take  pleasure  in  introducing  him  t(. 
vou.     Dr.  Soper.  will  you  kindly  give  us  a  few  words? 

Dr.  Gconjc  A.  Sojicr:  Mr.  President  .and  Members  of  the 
Western  Society  of  Engineers : 

It  is  with  great  pleasure  that  we  come  here  lonighl  lo  meet 
with  you  and  to  express  the  appreciation  which  we  feel  for  the 
cordial  reception  we  have  had  ever  since  we  came  into  your  city. 

.\bout  a  week  ago  we  ajjpeared  at  a  luncheon  of  the  Chicago 
Keal    F.state    Hoard,   and    it    was   agreed,   before    we    arrived,    that 
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inasmuch  as  the  others  chose  to  regard  me  as  the  chairman  of  the 
board,  it  would  be  appropriate  for  me  to  speak  on  behalf  of  the 
party  such  words  of  return  greeting  as  the  occasion  seemed  to 
require.  I,  in  the  best  form  1  knew,  undertook  the  task.  The  others 
had  explained  that  they  were  quite  incapable  of  making  an  address 
suitable  to  the  occasion.  I  knew  that  I  was  not  capable,  but  because 
I  wanted  to  be  as  polite  as  possible  to  the  foreigners,  I  undertook 
the  duty.  Events  showed  that  I  should  not  undertake  it  again  to- 
night. My  colleagues  are  so  abundantly  able  to  speak  for  them- 
selves that  I  have  been,  and  you  will  be,  delighted  and  convinced, 
as  I  was,  that  the  task  is  very  well  placed  in  their  own  hands.  At 
the  same  time,  I  cannot  refrain  from  saying  that  as  a  board  we 
have  received  the  most  courteous,  generous  attention  everywhere. 
Every  fact  that  we  have  asked  for  from  every  department,  from 
every  official,  even  opinions — which,  perhaps  in  some  cases,  we 
should  not  have  asked  for — have  been  given  us  with  an  appearance 
of  sincerity  and  openness  which  has  left  nothing  to  be  desired  on 
our  part. 

Mr.  Alvord  told  you  a  joke,  but  only  half  of  the  joke.  I  refer 
to  the  list  of  questions  which  he  said  it  would  require  years  on 
the  part  of  many  to  answer.  The  other  part  of  the  joke  lies  in 
about  one  ton  of  literature  now  in  our  rooms.  Perhaps  the  ques- 
tions and  answers  are  all  in  the  literature,  but  inasmuch  as  we  have 
not  mastered  it,  we  feel  a  good  deal  of  humility  in  undertaking 
to  supplv  even  such  answers  as  an  engineer  feels  justified  in  giving 
in  a  qualified,  careful  way. 

Mr.  Alvord  has  referred  to  my  work  in  New  York,  and  as  some 
of  the  problems  which  we  have  been  considering  in  Chicago  corre- 
spond with  some  of  the  problems  in  New  York,  it  has  occurred 
to  me  that  you  might  be  interested  to  know  how  New  York  set 
about  solving  its  sewage  question. 

The  situation  was  different  in  this  respect,  that  in  New  York 
there  had  been  no  investigation  of  the  sewage  question.  There  had 
been  no  agitation  or  public  opinion  upon  the  sewage  problem. 
There  had  been  no  individual  or  coordinated  action  on  the  part  of 
the  city  or  state  or  government,  or  on  the  part  of  the  various  cities 
— and  there  are  over  eighty  municipalities  in  the  Metropolitan 
district — to  dispose  of  their  sewage  in  an  acceptable  wa}'.  The  field 
was  clear.     The  opportunity  was  without  the  slightest  obstruction. 

The  investigation  was  undertaken  at  the  instance  of  the  state. 
The  state  of  New  York  passed  a  bill  requiring  the  City  of  New 
York  to  appoint  a  commission  to  consist  of  five  men,  three  at  least 
to  be  of  recognized  skill  in  sanitary  engineering,  and  it  authorized 
New  York  City  to  raise  the  funds  to  pay  the  bills.  The  act  speci- 
fied about  a  dozen  questions  of  large  and  searching  scope  that  the 
engineering  board  had  to  answer. 

Very  briefly,  the  questions  related  first  to  the  sanitary  condi- 
tion of  the  harbor  and  its  various  immediate  tributaries.  The  board 
was  asked  whether  ihc  methods  of  sewage  disposal  then  existing 
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were  satisfactory,  and  if  not,  what  should  be  done  to  make  them  so? 
Was  it  desirable  for  the  many  cities  and  towns  within  twenty  miles 
of  the  New  York  City  Hall  to  form  an  agreement  as  to  the  way 
in  which  they  could  best  dispose  of  their  sewage?  Would  it  be 
better  for  the  two  states  to  cooperate?  or  would  it  be  wise  for  one 
Metropolitan  sewage  district  and  commission  to  be  formed  to  attend 
to  the  main  drainage  and  sewage  disposal  problems  of  the  locality? 

The  commission  was  appointed  in  1906.  Two  years  later  it  was 
reorganized.  What  I  have  to  say  of  the  methods  and  policies  and 
results  of  the  work  dates  from  January,  1908.  The  commission 
has  remained  without  change  of  personnel  from  1908  up  to  the 
present  time.  The  members  are  four  engineers  and  one  physician. 
The  engineers  are  Charles  Sooysmith,  m.  w.  s.  e.,  whom  you  recog- 
nize perhaps  by  name  as  an  authority  on  foundations  and  other 
underground  structures ;  James  H.  Fuertes,  whom  you  will  recog- 
nize as  a  man  who  has  done  a  great  deal  of  sanitary  work,  especially 
in  sewage  disposal  and  water  purification ;  H.  deB.  Parsons,  whose 
work  in  connection  with  refuse  disposal  has  perhaps  made  him 
known  to  many  in  this  room,  and  the  speaker.  The  physician  of 
the  board  is  Linsly  R.  Williams,  who  has  recently  been  appointed 
Deputy  Commissioner  of  Health  of  the  State  of  New  York  in  a 
plan  of  reorganization  by  which  the  health  activities  of  the  Com- 
monwealth are  to  be  greatly  extended. 

The  first  work  to  be  done  by  the  commission  was  to  investigate 
the  conditions  of  sewage  and  sewage  disposal  which  existed.  The 
ground,  as  I  said,  had  never  been  covered.  It  was  not  known  where 
all  the  sewers  discharged.  In  some  cases  it  was  not  easily  ascer- 
tainable. The  results  of  the  disposal  of  the  sewage  into  the  harbor 
and  its  tributaries  had  not  been  investigated  by  any  health  authority. 
There  had  been  relatively  little  complaint,  except  in  some  quarters 
where  the  complaint  had  been  insistent — complaint  of  nuisance, 
complaint  of  harm  to  health. 

The  commission  undertook  to  bring  together  the  statistics  of 
sewage  for  the  district  within  20  miles  of  the  New  York  City 
Hall.  It  undertook,  by  means  of  inspections,  by  means  of  floating 
laboratories,  and  otherwise,  to  make  a  thorough  study  of  the  results 
of  the  sewage  discharges.  The  floating  laboratories  moved  from 
one  part  of  the  harbor  to  another,  analyzing  the  water  chemically 
and  bacteriolojricallv.  and  collecting  samples  of  dejiosits  to  analyze 
them  microscopically  and  bacteriologically. 

The  idea  in  the  very  large  amount  of  analytical  work  done 
was  not  to  determine,  as  some  persons  at  the  time  supposed,  whether 
the  water  was  polluted  or  not.  The  object  was  to  obtain  knowledge 
as  to  the  circumstances  under  which  the  sewage  discharged  into 
the  water  was  assimilated  by  the  natural  forces  which  existed  there. 
It  was  recoirnized  bv  the  commission  that  the  water  had  a  great 
power  for  harmlessly  assimilating  the  sewage  materials,  and  it  was 
considered  desirable  for  reasons  of  ecduomv  to  utilize  the  digcstixe 
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or  assimilative  capacity  to  the  full  extent  consistent  with  a  due 
regard  to  the  public  health  and  welfare. 

Estimates  were  made  to  determine  what  it  would  cost  to  carry 
all  the  sewage  away  from  the  harbor  and  dispose  of  it  on  land, 
dispose  of  it  at  sea,  or  dispose  of  it  by  intensive  purification;  but 
the  cost  in  all  cases  was  found  to  be  prohibitive.  It  was  recognized 
from  the  outset  that  disposal  through  dilution  must  be  an  essential 
feature  of  whatever  method  the  city  would  adopt.  It  was  recog- 
nized that  the  disposal  of  sewage  through  dilution  had  its  limits. 
It  was  found  that  under  certain  circumstances  very  little  sewage 
could  be  put  into  water  without  creating  a  nuisance. 

I  will  not  undertake  to  relate.,  even  in  outline,  the  other  studies. 
They  were  very  considerable.  Experiments  were  made  both  in  the 
laboratory  and  on  a  large  scale  in  the  field  to  determine  under  what 
circumstances  sewage  could  be  mixed  with  water,  because  it  was 
found  that  the  water  would  have  to  be  thoroughly  mixed  with  the 
sewage  before  the  sewage  ingredients  would  be  assimilated. 

The  amount  of  dissolved  oxygen  in  the  water  was  at  that  time 
considered  to  be  a  matter  of  the  utmost  importance.  Analyses  of 
the  water  for  dissolved  oxygen  were  made  at  all  seasons  of  the 
year,  at  all  stages  of  the  tide,  in  all  parts  of  the  harbor  and  at  all 
depths.    The  analyses  were  made  on  the  spot. 

It  was  then  regarded,  and  is  still  regarded  by  the  Metropolitan 
Sewerage  Commission,  that  the  dissolved  oxygen  represents  the  best 
single  criterion  of  the  relative  intensity  of  sewage  pollution.  But 
as  the  commission's  work  continued,  the  importance  of  the  oxygen 
test  seemed  to  be  considerably  diminished. 

Very  briefly,  where  the  water  of  the  harbor  would  have  con- 
tained 100%,  or  its  saturation  value,  of  oxygen,  if  no  sewage  had 
been  discharged  into  the  water,  it  has  been  found  that  large  arms 
of  the  harbor,  as  for  example  the  East  River  from  the  Battery  to 
Hell  Gate,  were  depleted  to  the  extent  of  60  to  70%.  During  the 
work  of  the  commission,  extending  over  the  years  I  have  men- 
tioned, there  has  been  a  progressive  decline  in  the  amount  of  oxygen 
present.  Two  summers  ago  samples  were  selected  of  the  best 
water  that  could  be  had  from  the  lower  East  River  at  the  Brooklyn 
Bridge,  and  it  was  found  that  there  was  less  than  20%  of  the  satura- 
tion value  of  dissolved  oxygen  in  it.  The  value  of  the  oxygen 
test  is  minimized,  in  the  view  of  the  commission,  by  the  presence 
of  deposits  on  the  bottom.  There  might  be  sufficient  oxygen  in 
the  water  to  prevent  putrefaction,  but  if  the  deposits  on  the  bottom 
were  in  a  putrefiable  state,  they  would  ferment,  gas  would  be 
given  off,  offensive  odors  would  be  produced,  large  quantities  of 
black  mud  would  be  distributed  through  the  water,  and  other 
objectionable  consequences  would  follow.  Now,  very  briefly  then, 
the  commission  found  it  necessary  to  make  a  thorough  examination 
of  the  whole  theory  of  the  disposal  of  sewage  through  dilution. 

Health  was  affected  in  various  ways  in  the  pollution  of  the 
harbor.    The  harbor  was  used  for  the  cultivation  of  shell  fish,  and 
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where  slicll  fish  were  not  actually  put  into  the  water  for  cultivation, 
wild  shell  fish  were  often  taken.  It  has  been  estimated  by  the 
commission  that  over  500,000  bushels  of  oysters  are  taken  from 
the  waters  within  the  city  limits,  and  consumed  for  the  most  part 
in  raw  condition.  There  are  over  800,000,000  gallons  of  sewage 
discharged  every  day  into  the  waters.  Over  .3,000,000  baths  are 
taken  in  floating  pool  bath  establishments,  into  which  and  out  of 
which  the  harbor  water  has  free  access.  Many  people  are  in 
constant  touch  with  the  water  in  their  various  vocations  about  the 
water  front.  Driftwood  is  taken  by  many  people  to  their  homes 
and  used  as  fuel — dried  in  many  cases  behind  kitchen  stoves  and 
handled  by  those  who  prepare  the  food  for  the  family. 

ilie  commission,  however,  has  not  laid  great  stress  upon  the 
danger  to  health  v/hich  the  pollution  of  the  water  of  the  harbor 
represents.  It  has  taken  the  ground  that  the  discharge  of  sewage 
into  the  harbor,  as  at  present,  is  an  ofifense  to  the  sense  of  common 
decency.  Extensive  investigations  were  made  of  the  practices  of 
other  cities,  particularly  European  cities,  and  it  was  found  that 
most  of  them  w^ent  to  large  expense  to  carry  their  sewage  entirely 
out  of  the  open  waterways  within  their  municipal  limits.  That 
was  done — it  was  found  upon  inquiry — not  as  a  measure  of  health 
alone,  but  by  what  one  of  my  friends  in  Germany  called  "culture." 
He  said,  "You  don't  understand  it  in  America,  but  we  call  it 
'culture.'  " 

It  would  l)e  impossible,  as  we  found,  for  reasons  of  cost,  to 
carry  all  the  sewage  away  from  New  York  Harbor,  and,  frankly. 
the  commission  considered  that  it  was  umiecessary  to  do  so.  The 
water  must  be  polluted  as  gauged  by  a  drinking  water  standard. 
I'ecause  it  w^as  polluted,  it  was  rendered  unsuitable  for  bathing 
aiul  shell  fish  culture. 

The  question  arose:  How  clean  should  the  water  be  kept: 
W  hat  are  the  requirements  of  health  and  common  decency  which 
must  be  satisfied  in  any  system  of  main  drainage  and  sewage  dis- 
posal to  be  built  for  the  citv?  And  at  this  point  the  commission 
followed  a  policy  w-hich  has  extended  throughout  all  its  work.  It 
formulated  its  own  ideas,  put  them  in  definite,  written  shape,  and 
then  called  in  a  number  of  sanitary  experts  to  make  independent 
reports  on  the  question.  The  commission  throughout  has  secured 
the  most  competent  criticism  of  its  work  which  this  countrv  an<l 
luirope  could  afiford. 

There  were  eight  sanitary  experts  called  in  to  advise  on  the 
standard  of  cleanness  for  the  water.  I  need  not  mention  their 
\ocations,  probably,  but  there  was  a  phvsician.  a  professor  of 
hygiene,  engineer.s — three  engineers.  I  think,  all  of  whom  you  would 
probably  know  if  I  mentioned  them.  And  exentually  the  investiga- 
tions made  by  the  various  experts  were  brought  together,  published 
individually,  and  a  digest  of  their  opinions  imblished,  with  the 
commission's  opinion. 

Based  on  tlie  stnndnnl  of  cleanness  which  the  commis.sion  con- 
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siders  should  be  tlie  goal  in  keeping  the  harbor  reasonably  clean 
there  were  laid  out  main  drainage  and  sewage  dis^x^sal  works  for 
the  city  of  New  York.  For  that  purpose  the  city  was  divided  into 
four  great  areas  or  drainage  districts.  They  were  laid  out,  without 
reference  to  political  lines,  borough  boundaries  or  anything  of  the 
kind,  and  with  strict  reference  to  the  necessities  of  drainage  and 
the  opportunities  of  drainage. 

Intercepting  sewers  and  disposal  works  along  various  general 
lines  were  laid  out  for  the  different  parts  of  the  city.  During  the 
course  of  that  work  fi^'e  experts  were  brought  in.  The  total  number 
of  experts  which  the  commission  has  called  upon  from  time  to 
time  has  been  over  twenty,  and  in  every  case  their  reports  have 
been  published,  or  are  in  preparation  for  the  final  report  of  the 
commission. 

Very  briefly,  the  plan  of  disposal  recommended  for  the  city 
of  New  York  is  the  collection  of  the  sewage  at  a  number  of  central 
points  where  after  more  or  less  treatment  the  effluent  will  be  dis- 
charged into  the  main  tidal  channels.  You  understand,  of  course, 
that  the  city  is  of  great  extent,  and  the  opportunities  for  treatment 
works  and  for  disposing  of  the  effluent,  vary  in  different  places. 
In  a  large  number  of  cases— I  think  there  are  twenty-four  or 
twenty-five— sewage  would  be  brought  to  central  pcj'ints  and 
screened,  passed  through  grit  chambers,  and  discharged  through 
submerged  outfalls  laid  on  the  bottom  of  the  harbor  at  a  distance 
not  less  than  200  ft.  from  the  pierhead  lines.  In  four  principal 
cases  there  would  be  extensive  sewage  disposal  works.  They  would 
consist  of  settling  basins,  which  could  in  course  of  time  be  used 
as  precipitation  basins,  and  submerged  outfalls.  With  the  exception 
of  one  plant— not  a  large  one— the  commission  has  recommended 
disposal  works  of  less  efficiency  than  sprinkling  filters  or  contact 
beds,  for  the  reason  that  the  more  efficient  the  process  the  greater  is 
the  likelihood  of  odor. 

The  commission  has  ii«jt— and  this  after  the  most  careful  con- 
sideration—deemed it  wise  to  recommend  settling  basins  within  the 
built-up  parts  of  the  city,  because  of  the  danger  of  nuisance  and 
because  of  the  popular  objection  which  would  certainly  be  aroused 
if  the  property  holders  in  the  neighborhood  learned  that  sewage 
d]<jposal  works  were  going  to  be  placed  near  them. 

The  policy  of  utilizing  to  the  fullest  extent  practicable  the 
assimilative  capacity  of  the  water  should  be  carried  out,  but  it  will 
not  be  sufficient  to  answer  the  requirements  for  all  time.  The  water 
will  become  over-burdened  with  sewage  unless  some  of  the  sewage 
IS  taken  away.  Consequently  the  commission  has  recommended 
that  about  200,000,000  gallons  of  sewage  be  taken  from  the  inner- 
most part  of  the  harbor  and  disposed  of  at  a  distance. 

New  York  is  unfortunately  situated  in  not  having  suitable 
land  where  the  sewage  can  be  taken  for  oxidizing  treatment.  It 
has  been  recommended  that  an  island  be  built  in  the  sea  about  three 
miles  off  the  shore  for  the  construction  of  settling  basins  where  the 
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200,000,000  gallons  of  sewage  will  be  taken  and  finally  disposed  of. 
There  will  be  about  1,000  tons  of  sludge  removed  every  day  from 
that  sewage.  The  sludge  will  be  taken  to  sea  by  a  tank  steamer 
and  dumped.  The  works,  including  intercepting  sewers,  pumping 
station,  mains,  island,  tanks  and  submerged  outfalls,  will  cost  about 
$17,000,000. 

There  is  a  still  larger  plant  of  settling  basins  proposed  for  the 
junction  of  the  Harlem  River  and  the  East  River,  where  in  course 
of  time — a  time  not  too  far  distant  for  engineers  to  reckon  on — 
there  will  come  about  400,000,000  gallons  of  sewage  for  disposal. 

I  have  been  speaking  of  the  conditions  of  pollution  as  they 
exist  today,  but  of  course  the  works  which  are  designed  are  to 
serve  the  future.  It  is  expected  that  the  population  will  double 
in  thirty  years.    The  quantity  of  sewage  will  more  than  double. 

The  works  are  laid  out  with  the  intention  that  they  shall  be 
built,  not  at  once  and  as  one  enterprise,  but  in  progressive  stages. 
The  steps  have  been  definitely  indicated.  By  1920  about  $25,000,000 
will  have  been  spent  on  the  works;  and  by  1930,  about  $50,000,000. 
The  commission  has  made  comparatively  few  calculations  beyond 
the  year  1940. 

The  status  of  the  commission  is  advisory.  It  has  no  power  to 
construct ;  it  has  no  power  to  compel  the  construction  of  works. 
It  is  expected,  however,  that  this  board,  having  been  provided  in 
the  first  instance  by  the  state  and  being  continued  on  three  occasions 
by  legislative  acts  passed  at  the  instance  of  the  city,  the  work  paid 
for  by  the  city  and  brought  to  its  present  point  will  be  carried  out 
in  all  its  essential  particulars. 

From  first  to  last  the  investigations  have  cost  $263,000.  The 
commission  has  two  more  years  to  serve,  according  to  the  last 
act  of  the  legislature,  but  it  has  recommended  its  own  extinction — 
said  to  be  an  unprecedented  thing — because  it  has  finished  the  work 
for  which  it  was  created.  There  is  now  before  the  city  a  compre- 
hensive plan  and  policy  for  keeping  the  harbor  reasonably  clean, 
and,  according  to  the  legislative  instructions,  the  commission  has 
fecommended  the  form  of  administration  which  in  its  judgment  i>^ 
best  suited  for  the  construction  and  maintenance  of  the  main 
drainage  and  disposal  works  required.  A  special  commission  should 
be  created  to  do  the  work. 

Throughout  the  work  the  commission  has  enjoyed  the  co- 
operation of  city  officials,  and  the  United  States  Cn)vernment  has 
cooperated  in  tidal  and  other  studies.  If  the  work  is  not  of  an 
authoritative  character,  the  blame  lies  wholly  with  the  coninii'^sioner.- 
themselves  and  largely  with  its  president,  who  has  had  personal 
charge  of  all  the  scientific  and  technical  work  which  lias  been  done. 

It  is  a  i^eculiar  pleasure  to  me  to  remember  that  at  a  time  when 
the  commission  was  considering  the  various  alternative  scheme^ 
for  the  reasonable  protection  of  the  lower  East  River  against  pollu- 
tion, it  called  from  Europe  one  of  the  distinguished  Englishmen 
who  is  here  tonight,  Mr.  Watson.     It  was  largdv  as  the  result  of 

Vol.  XIX.  No.  s 


Future  Sanitary  Problem  of  Chicago  767 

his  opinion,  arrived  at,  I  think,  quite  independently  of  the  opinion 
of  the  commission — which  we  tried  not  to  give  him — that  at  least 
200,000,000  gallons  cf  sewage  from  the  lower  East  River  territory 
should  be  carried  to  sea.  The  commission  had  four  alternative 
projects,  and  before  deciding  permanently  which  one  to  recommend, 
it  called  upon  Mr.  Watson  to  examine  the  conditions  and  advise 
which  of  the  alternative  schemes,  if  any,  was  satisfactory  in  his 
opinion,  and  if  none  of  them  would  do,  to  recommend  a  more 
adequate  and  economic  treatment  of  the  question, 

Mr.  Alvord:  About  twenty-six  years  ago  I  started  out  on  an 
exploration  trip  to  find  out,  if  I  could,  what  sewage  disposal  plants 
were,  and  in  the  course  of  my  peregrinations  I  landed  in  Birming- 
ham, England.  With  the  characteristic  American  assurance,  and 
with  the  nerve  of  a  somewhat  earlier  youth  than  I  now  possess,  I 
walked  into  the  office  of  the  Chief  Engineer  of  the  Birmingham 
Sewage  Works  and  presented  my  card,  and  asked  him  what  he 
was  doing  an^  if  I  could  see  it.  Fortunately  I  received  a  very 
courteous  greeting  and  facilities  were  kindly  placed  at  my  disposal 
to  look  over  the  then  existing  plant,  the  city  at  that  time  being 
about  to  embark  on  a  much  larger  project.  I  recall  distinctly  the 
appearance  of  the  Chief  Engineer  whom  I  met  at  that  time.  I 
should  say  now  that  he  seemed  young.  But  he  also  looked  as  if 
he  felt  a  great  weight  of  responsibility  on  his  shoulders.  I  have 
looked  in  vain  for  that  youthful  look  since  again  meeting  Mr. 
Watson  here,  but  there  is  in  its  place  a  more  mature  and  more 
convincing  expression,  though  no  more  hopeful  than  I  seem  to  recall 
twenty-six  years  ago. 

Since  that  time  Mr.  Watson  has  carried  out  one  of  the  largest 
and  most  successful  sewage  disposal  propositions  in  England,  that 
for  the  treatment  of  the  sewage  of  Birmingham,  and  he  has  been 
called  in,  in  many  other  places,  to  advise  in  projects  of  a  like 
character.  He  has  been  recently  elected  and  is  now  the  honored 
president  of  the  Sanitary  Institute  of  Great  Britain. 

I  am  sure  we  shall  be  very  glad  to  hear  a  few  words  from 
Mr.  John  D.  Watson. 

Mr.  John  D.  Watson:     Mr.  Chairman  and  Gentlemen: 

You  make  me  blush  for  very  shame  at  the  manner  in  which 
you  have  greeted  me,  which  is  quite  overpowering,  and  I  frankly 
say  that  after  the  very  eloquent  address  which  you  have  listened 
to  from  Dr.  Soper  you  have  placed  me  in  a  very  embarrassing 
position. 

1  say  sometimes,  and  I  say  it  with  great  feeling,  that  engineers 
are  very  bad  speakers.  But  I  think  I  will  have  to  change  my  mind. 
Dr.  Soper  has  given  to  you  one  of  the  clearest  expositions  of  a 
sewage  scheme,  or  a  projected  sewage  scheme,  that  I  think  it  has 
ever  been  my  privilege  to  listen  to.  And  I  should  like  also  to  say 
that  I  never  was  called  in  to  give  advice  in  any  single  instance 
where  more  ample  and  more  careful  preparatory  investigations  had 
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been  made  for  the  guidance  of  the  expert  than  the  case  of  New 
York  under  Dr.  Soper's  skillful  lead. 

We  English  engineers  do  not  make  the  thorough  investigations 
before  we  attack  our  problems  that  I  found  on  this  side  of  the 
Atlantic.  I  have  been  inculcating  that  disposition  in  England.  I 
have  been  assuring  my  brethren  that  we  are  not  as  careful  and  as 
thorough  in  our  investigations  as  we  ought  to  be. 

We  sometimes  forget  that  the  very  best  work  of  that  kind 
and  the  earliest  which  has  ever  been  done  was  at  Lawrence  (Mass.). 
I  remember  very  well  that  at  the  Congress  of  Hygiene  and  Demo- 
graphy, which  was  held  in  London  in  1891,  those  of  us  who 
were  interested  in  the  disj^osal  of  sewage  at  that  time — I  can 
only  speak  for  myself  and  for  many  friends  with  whom  I  have 
spoken  since — passed  by  the  investigations  of  the  Massachusetts 
State  Board  of  Health  that  were  lying  on  the  table.  Those  investi- 
gations indicated  very  clearly  the  lines  upon  which  we  are  working 
today.    But,  as  I  say,  we  then  passed  them  by. 

Since  that  time,  however,  we  have  had  occasion  to  admire 
and  to  follow  the  lines  indicated.  And  perhaps  we  have  done  so 
more  boldly,  more  thoroughly  than  any  other  people.  The  reason 
was  obvious.  Professor  \\'hittle  put  it  very  graphically  and  very 
accurately  when  he  said  that  the  reason  why  England  has  taken 
the  lead  in  the  matter  of  sewage  disposal  was  because  necessitx 
v.-as  the  mother  of  invention. 

The  English  rivers  are  small.  The  cities  are  large.  Hence 
the -absolute  need  to  purify  sewage.  In  some  cases  our  rivers  were 
so  filthy  that  they  looked  more  like  ink  than  water.  The  odor 
emanating  from  them  was  so  great  that  injury  to  health  was 
manifest;  injury  to  health  was  so  apparent  that  committees  in- 
trusted with  the  care  of  the  public  health  had  no  difficulty  whatever 
in  persuading  their  constituents  of  the  need  of  that  work  and  had 
comparatively  little  difficulty  in  getting  money  to  do  it. 

Early  in  the  history  of  sewage  purification  as  we  know  it  now, 
I  was  called  in  to  advise  what  should  be  done  at  Balmoral  Castle. 
1  recommended  what  I  believed  then,  and  what  I  believed  for 
long  after,  to  be  the  very  best  method  of  disposal  of  the  sewage. 
1  advised  irrigation,  but  Oueen  Victoria  would  have  none  of  it.  She 
said,  "No,  we  are  not  going  to  have  any  irrigation  here  near  my 
castle."  And  something  else  had  to  be  substituted.  Another  process 
was  adopted,  which  was  comparatively  successful,  but  it  certainlv 
did  not  purify  the  erilucnt  to  the  extent  that  it  ought  to  have  been 
l)urified  considcrini;  ihe  fact  that  the  cftluent  was  discharged  directly 
into  the  river  from  which  the  citizens  of  .Aberdeen  drew  their 
drinking  water.     But  then,  the  sewage  was  fn'>m  a  Royal  Castle! 

We  have  tra\elcd  a  long  way  since  then,  gentlemen.  Irrigation 
is  as  good  a  way  of  purifying  sewage  as  anv  in  existence.  It  is 
perhaps  better  than  any.  You  get  more  equal  effluents  from  a  good 
irrigation  field  than  from  anv  other  purification  process.  But  still 
those  eftluents  are  not   in\ariablv  free  from  i)athogenic  organisms. 
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That,  however,  has  not  been  the  reason  why  irrigation  has  ceased 
to  be  so  popular  in  England.  The  reason  is  rather  that  so  much 
land  is  needed;  the  area  required  in  the  case  of  a  large  town  is 
very  great.  In  the  case  of  Birmingham  where  I  have  been  bold 
enough  to  advise  the  disuse  of  miles  of  territory  as  irrigation  fields 
for  the  purification  of  sewage  and  to  substitute  biological  filters, 
the  reason  for  the  change  was  chiefly  this,  that  it  recjuired  the 
addition  of  an  acre  of  land  every  week  in  order  to  keep  pace  with 
the  growing  population. 

Now,  Birmingham  is  not  a  great  city  in  the  sense  that  some 
cities  are  great.  Birmingham  and  the  immediate  district  which 
forms  the  constituent  authorities  of  the  drainage  board,  has  a  popu- 
lation of  only  1,000,000.  Paris  is  much  greater  and  there  the  same 
difficulties  obtain.  Dr.  Cailmette,  in  the  recent  report  which  he 
has  sent  to  the  Minister  of  the  Interior,  states  very  distinctly  that 
in  the  future  they  must  extend  their  purification  works,  not  by 
enlarging  their  irrigation  farms,  but  by  erecting  biological  filters. 
And  he  recommends  that  this  should  be  done  on  the  lines  which 
have  been  adopted  at  Birmingham,  which  I  ought  to  tell  you  were 
gradual.  There  was  no  drastic  movement.  In  the  case  of  Birming- 
ham, biological  filters  were  built  in  order  to  meet  the  wants  of  the 
increasing  population  in  the  first  instance,  but  we  found  that  an 
acre  of  bacteria  beds  was  eqvial  to  about  70  acres  of  land;  and 
that  we  were  able  to  concentrate  the  work  on  a  very  limited  area. 
We  were  able  to  direct  administration  much  more  frugally,  and 
were  able  to  locate  whatever  nuisance  is  attachable  to  a  sewage  puri- 
fication plant  to  this  particular  concentrated  area.  The  drainage 
board  wished  to  substitute  biological  filters  for  land  as  quickly  as 
possible. 

I  have  not  given  you  the  speech  which  I  suggested  to  myself 
when  Dr.  Soper  was  speaking.  I  have  quite  a  lot  here  which  has 
no  reference  to  sewage  purification  whatever.  And  I  .im  not 
going  to  inflict  that  speech  upon  you  now.  But  inasmuch  as  I  have 
begun  on  the  question  of  sewage  purification,  I  should  like  to 
say  that  we  are  dealing  with  a  subject  which  is  practically  new 
to  this  generation,  and  the  public  should  be  lenient  with  us  if  we 
make  mistakes.  Several  generations  ago  the  Craigenterry  Meadows 
of  Edinburg  were  used  as  irrigation  meadows,  but  not  for  the 
purification  of  sewage.  The  meadows  were  never  used  for  the 
purification  of  sewage  as  we  understand  the  subject  today,  but 
merely  for  the  purpose  of  passing  over  the  land  a  liquid  which  was 
charged  with  organic  matter  for  the  purpose  of  raising  crops.  They 
were  able  to  raise  as  many  as  six  and  seven  crops  of  grass  in  a 
year,  and  that  was  the  object  they  had  in  view  at  that  time,  rather 
than  the  purification  of  sewage.  But,  as  I  say,  the  subject  which 
we  are  dealing  with  is  a  perfectly  new  one  to  this  generation,  and 
I  think  I  am  right  in  suggesting  that  the  subject  as  we  understand 
il  originated  with  the  State  Board  of  Health  of  Massachusetts. 

We  have,  however,  gone  through  many  vicissitudes  in  the  study 
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of  biological  purification.  A  good  many  of  us  have  been  engaged 
fighting  terrible  battles  from  that  day  to  this.  At  one  time  we  be- 
lieved that  the  septic  tank  was  going  to  get  rid  entirely  of  our  sludge. 
Some  of  us  believed  it  and  acted  upon  it  and  constructed  works 
with  the  idea  that  the  septic  process  was  going  to  liquefy  all  the 
sludge  that  went  into  the  tank.  But  the  day  of  reckoning  came. 
We  found  that  the  septic  tank  had  been  over-rated  and  that  some 
of  us  claimed  for  it  what  it  was  not  able  to  do.  Then  we  began 
to  discuss  the  question  of  whether  a  percolation  filter  or  a  contact 
bed  was  the  right  method  of  considering  the  liquid  portion  of 
sewage.  Then  more  recently  we  came  to  the  stage  of  considering 
whether  better  forms  of  septic  tanks  could  not  be  used. 

My  friend,  Dr.  Travis,  of  Hampton,,  inaugurated  what  was 
called  the  Hampton  theory.  He  constructed  a  hydrolithic  tank,  and 
since  that  time  Dr.  Imhoff,  of  Essen,  constructed  a  tank  which  was 
a  considerable  improvement  on  that  which  was  designed  by  Dr. 
Travis.  The  Imhoff  tank  is  an  excellent  one  and  it  deserves  its 
popularity. 

In  1901  I  began  to  study  the  question  of  intensive  treatment  of 
sludge,  treating  the  sludge  septically  apart  from  the  liquid,  as  is  done 
by  the  Imhoff  tank.  I  tried  it  for  a  whole  year,  but  I  am  bound  to 
admit  I  did  not  succeed.  Since  that  time  and  since  developments 
have  taken  place  in  the  Emscher  district,  I  have  been  using  shal- 
low tanks  for  the  purpose  of  promoting  fermentation  of  sludge,  and 
we  have  been  successful.  Instead  of  constructing  the  deep,  double- 
decked  tank,  as  some  one  has  called  it,  our  tanks  at  Birmingham 
are  quite  shallow, — only  6  ft.  deep.  We  pump  sludge  from  om- 
tank  into  another;  that  is  to  say,  from  the  sedimentation  tank  into 
the  sludge  digestion  tank.  We  help  fermentation  by  injecting 
steam  into  the  sludge  as  it  passes  along  from  the  suction  pipe 
through  the  pump  into  the  delivery  pipe.  -And  in  that  way  we  have 
been  able  to  raise  the  temperature  10  deg.,  promote  putrefaction  in 
raw  sludge  very  quickly,  and  sustain  fermentation  in  a  very  re- 
markable manner.  Personally,  I  think  it  is  cheaper,  and  sometime? 
better  than  the  double-decked  tank  system.  But,  of  course,  circum- 
stances must  regulate  whether  an  engineer  adopts  one  method,  or 
imother,  or  a  combination  of  both.  Those  things  have  all  to  be 
taken  into  account  and  must  all  go  together  if  a  complete  system 
is  to  be  installed  which  is  capable  of  obtaining  a  uniform  amount 
of  suspended  solids  from  sedimentation  tanks,  irrespective  of 
velocity  of  flow. 

I  have  found  the  drying  of  fermented  sludge  a  burden,  and 
have  further  found  it  necessary  to  accumulate  mountains — I  might 
call  them — of  inert  sludge,  sludge  which  is  absolutely  without  smell 
and,  therefore,  without  nuisance  even.  The  weather  does  not  affect 
it  after  it  has  been  thoroughly  dried,  but  I  am  faced  with  this  dif- 
ficulty, that  I  have  a  great  big  mountain  of  material  which  I  cannot 
regard  as  being  of  any  use  at  all.  So  I  feel  that  while  that  is  the 
case,  there  is  something  «ti11  to  learn,     something  which  we  must  do. 
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•  We  have  a  large  amount  of  organic  matter  lying  there  doing  noth- 
ing, organic  matter  which  contains  nitrogenous  substances  which 
might  be  utilized,  and  which,  in  my  opinion,  will  be  utilized.  And 
if  some  of  us  only  succeed  in  utilizing  that  material,  which  at  present 
is  going  to  waste,  we  will  do  what  Sir  William  Crookes,  the  Presi- 
dent of  the  British  Association  for  the  Advancement  of  Science, 
predicted  some  years  ago  in  his  presidential  address,  namely,  be  able 
to  husband  the  nitrogenous  matters  which  at  present  are  wilfully 
thrown  to  waste,  nitrogenous  matter  which  is  required  so  much  for 
the  production  of  fertilizing  substances. 

I  do  not  know  v/hether  we  all  realize  that  before  very  long  it 
will  be  necessary  to  find  fertilizers  if  we  are  to  carry  on  the  business 
of  agriculturists.  But  we  must  realize  that  the  chief  industry  is 
agriculture ;  it  is  so  both  in  England  and  America,  indeed,  in  every 
country  of  the  world,  and  before  very  long  we  shall  find  that  we 
cannot  get  manure  from  our  streets  as  we  did  formerly,  the  motor 
cars  are  taking  the  place  of  horses,  and  it  would  seem  that  we  ar^ 
going  to  find  that  there  is  a  great  dearth  of  mineral  for  fertilizing 
the  land. 

You  are  well  aware  that  many  farmers  are  leaving  the  States 
to  go  to  Canada.  Why?  It  is  not  that  they  are  not  satisfied  with 
their  citizenship,  but  it  is  because  they  find  that  the  land  is  becoming 
less  able  to  produce  a  crop  which  will  pay  for  the  labor  which  is  put 
on  the  land.  Without  fertilizing  substances,  it  is  impossible  to  con- 
tinue to  produce  good  crops,  and  they  have  gone  across  the  border 
into  Canada  where  they  have  found  the  land  in  the  state  in  which 
they  first  found  it  when  they  began  to  cultivate  it  in  this  country. 

Now  gentlemen,  I  should  like  to  say  this,  I  come  here  with  great 
pleasure.  I  have  great  admiration  for  the  American  engineers.  I 
now  have  the  pleasure  of  knowing  a  good  many  of  them,  and  I  am  a 
great  admirer  of  the  work  which  they  have  done.  The  best  pos- 
sible compliment  which  I  could  possibly  pay  you  is  this,  that  after 
my  son  graduated  as  a  civil  engineer  at  the  Birmingham  University, 
and  after  he  had  gone  through  certain  work  with  an  old  assistant 
of  mine  at  Leeds,  a  most  excellent  sewerage  engineer,  Mr.  G.  A. 
Hart,  I  advised  him  to  come  to  the  States,  and  he  is  now  in  the 
States,  learning  something  of  your  untrammeled  methods  of  getting 
directly  to  the  object  which  you  have  in  view.  We  are  too  conserva- 
tive in  the  old  country.  We  are  sometimes  too  much  inclined  to 
follow  precedent  and  to  follow  formulae  with  mathematical  accu- 
racy. We  want  more  of  the  characteristics  which  you  have  shown 
to  the  world  to  be  inestimable. 

Gentlemen,  I  thank  you  for  the  opportunity  you  have  given  me 
of  coming  here  and  being  able  to  speak  to  so  many,  privately,  and 
for  this  opportunity  to  say  a  few  words  to  you  collectively. 

Mr.  Alvord:  It  is  not  so  very  many  years  ago  that  those  of 
you  who  are  at  all  interested  in  sanitary  matters  can  remember  that 
there  was  wafted  over  this  countr)^  those  mystic  words  "The  septic 
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tank."  The  very  distinguished  gentleman  who  is  with  us  tonight 
was  on  the  spot  where  the  septic  tank  was  born,  and  if  I  am  correctK 
informed,  assisted  in  the  studies  which  were  made  upon  the  original 
installation  at  Exeter,  later  became  a  partner  of  Mr.  Cameron,  its 
originator,  and  still  later  compiled  a  most  useful  book  with  which 
we  sanitary  engineers  are  all  familiar,  which  is,  as  Dr.  Soper  ha^^ 
happily  expressed  it,  packed  full  of  facts  on  sewage  purification 
work. 

I  take  pleasure  in  introducing  to  you  Mr.  Arthur  J.  Martin, 
Consulting  Sanitary  Engineer  of  London  and  past  president  of  the 
British  Sanitary  Institute.  We  shall  have  the  pleasure  of  hearing 
a  few  words  from  him. 

Mr.  Arthur  J.  Martin:  Mr.  President  and  Gentlemen:  1 
do  not  tlfink  I  should  be  far  wrong,  if  I  were  to  say  that  this  is  the 
most  embarrassing  moment  of  my  life.  I  am  quite  sure  that  you 
will  understand  and  sympathize  with  me  when  1  say  that  it  will  be 
mighty  hard  scratching  for  me  to  find  anything  to  say  to  you  after 
ihe  two  very  able  and  interesting  addresses  to  which  we  have  just 
listened. 

When  I  strike  a  good  line,  1  always  believe  in  sticking  to  it.  1 
do  not  think  I  ever  succeeded  so  well  in  putting  an  audience  in  good 
humor,  as  I  did  the  other  day  by  a  chance  reference  to  Michigan 
Avenue.  T  don't  know  how  it  was,  but  the  words  seemed  to  arouse 
recollections — pleasant  recollections  they  must  have  been — in  the 
breasts  of  those  whom  I  was  addressing.  And  so  I  don't  think  I 
can  do  better  than  to  pronounce  the  same  mystic  words  tonight. 

Now  the  impression  that  Michigan  Avenue  made  on  me  was 
that  the  people  of  Chicago  knew  a  good  thing  when  they  saw  it. 
They  know  what  is  best  in  architecture  and  in  decoration,  and  the\ 
are  not  content  with  anything  short  of  the  best.  And  the  moral 
I  drew  from  it  was  that  although  down  to  the  present  time  Chicago 
has  not  devoted  so  much  attention  as  has  been  done  in  some  other 
|)laces  to  certain  amenities  of  life,  as  with  regard  for  instance  to  the 
flisposal  of  refuse,  and  the  appearance — I  won't  say  the  purity — of 
its  water  supply,  and  to  such  little  matters  as  Bubbly  Creek,  yet 
when  Chicago  does  take  those  problems  in  hand  seriously,  she  will 
tackle  them  with  the  same  energy,  the  same  self-reliance,  and  the 
same  capacity  as  she  has  tackled  other  great  problems  which  she 
has  encountered  in  the  course  of  her  short  existence. 

Those  gentlemen  present  who  are  engaged  in  sanitary  work 
will,  I  am  sure,  agree  with  me  when  1  >^ay  that  sewage  disposal  is 
one  of  the  most  elusive  and  many-sided  problems  with  which  an 
engineer  can  have  to  deal.  Thirty  years  ago  1  knew  all  about  it ; 
twenty  years  ago  I  was  not  quite  so  sure;  ten  years  ago  I  realizeil 
painfully  that  there  was  a  great  deal,  a  very  great  deal  which  I  had 
yet  to  learn,  and  T  have  not  yet  done  learning. 

Now,  I  do  not  think  my  experience  is  peculiar  to  myself.  1 
think  it  is  simply  a  reflection  of  the  transition  through  which  opinion 
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has  pasvsed,  certainly  in  England,  probably  in  other  countries  ot  the 
world,  in  which  sewage  disposal  problems  had  to  be  settled.  We 
began  with  an  overweening  confidence  in  the  ability  of  land  to  deal 
effectually  and  speedily  with  all  sorts  of  offensive  matter.  From 
that,  as  Mr.  Watson  has  just  told  you,  we  passed  on  to  have  an 
equally  enthusiastic  confidence  in  the  powers  of  the  septic  tank,  in 
spite  of  the  express  warnings  which  were  given  by  Mr.  Cameroti 
at  the  time  he  introduced  the  tank.  T  do  not  know  that  any  of  you 
care  to  go  back  to  ancient  history,  but  if  so,  if  you  will  studv  some 
of  Mr.  Cameron's  earliest  statements  with  regard  to  the  septic  tank, 
you  will  find  that,  probably  on  account  of  his  being  a  Scotchman 
and  therefore  gifted  by  Nature  with  a  great  amount  of  cannyness, 
he  did  not  indulge  in  any  rash  predictions  as  to  what  the  tank  \vould 
do.  And  you  will  find  that  his  statements  with  regard  to  the  work 
done  in  the  septic  tank  have  been  fully  borne  out  by  the  findings  of 
the  Royal  Commission  on  .Sewage  Disposal. 

Again  and  again  I  have  been  at  meetings  where  we  have  been 
assured  that  the  contact  bed  was  dead,  and  mine  has  been  the  soli- 
tary voice  in  the  wilderness  pointing  out  that  the  contact  bed  possi- 
l)ly  had  a  career  of  usefulness  before  it  yet. 

Another  vexed  question  is  that  of  the  standards  to  which  sew- 
age effluents  should  conform.  Our  work  in  England  has  been 
greatly  handicapped  by  the  assumption — it  was  not  put  in  so  many 
words,  but  it  was  the  assumption  on  which  we  seemed  to  act — that 
sewage  is  the  same  thing  all  over  the  world,  all  over  the  country, 
at  all  events,  and  that  the  same  rules  with  regard  to  capacity  of 
tanks,  size  of  filters,  etc.^  should  be  applied  in  every  case,  and  not 
only  that,  but  that  the  same  quality  of  efffuent  should  be  called  for, 
no  matter  wdiether  the  effluent  went  into  a  trout  stream  or  whether  it 
was  discharged  into  the  estuary  of  a  great  river.  Well,  that  kind 
of  thing  has,  to  some  extent,  died  a  natural  death.  But  it  is  no 
exaggeration  to  say  that  in  some  cases  urgently  needed  works  of  sew- 
age disposal  were  hung  up  for  years  by  the  insistence  of  the  Local 
Government  Board  on  the  provision  of  land  for  irrigation,  in  situa- 
tions in  which  land  was  absolutely  non-existent. 

Now  again  we  have  received  from  the  Royal  Commission  on 
Sewage  Disposal  a  very  excellent  set  of  suggestions  as  to  the 
capacities  of  works,  but  there  is  a  grave  danger  that  those  sugges- 
tions will  be  crystallized  into  hard  and  fast  rules,  so  that  the  design 
of  a  sewage  works  will  be  nothing  more  than  a  problem  to  be 
solved  by  certain  mathematicnl  formula?. 

I  do  not  think  that  in  this  countrv  there  is  any  danger  of  sew- 
age disposal  practice  drifting  into  such  a  position,  but  if  so  T  hope 
this  English  experience  will  serve  to  warn  you. 

Now,  out  of  the  experience  which  T  have  had  in  dealing  with 
sewage,  there  is  only  one  rule  which  I  recognize  as  of  universal 
application,  and  that  is  to  treat  every  case  according  to  its  merits. 

In  coming  here,  I  resolutely  divested  myself  of  all  preconcep- 
tions based  on  my  English  or  my  European  or  my  Australian  \york, 
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and  iiiadc  up  my  mind  that  I  wotild  look  at  this  matter  from  an 
absolutely  fresh  point  of  view,  and  without  reference  to  any  work 
which  I  had  carried  out  in  any  other  part  of  the  world.  I  come 
here,  and  I  find  an  idea  holding  the  field  to  a  great  extent,  the  idea 
of  disposal  by  dilution.  The  situation  of  Chicago  is,  I  think,  unique, 
and  an  opportunity  presented  itself  of  which  your  engineers,  with 
great  daring  and  originality  availed  themselves,  and  with  a  con- 
siderable measure  of  success.  Recently,  I  believe,  doubt  has  been 
raised  as  to  whether  even  this  process  of  disposal  by  dikttion  might 
not  have  its  limits.  If  I  were  talking  to  an  audience  in  England,  1 
should  certainly  warn  them  against  the  danger  that  the  pendulum 
might  swing  too  far  in  the  opposite  direction.  I  don't  think  T 
need  to  do  so  here. 

During  my  stay  in  Chicago  I  have  been  impressed  by  the 
generous  way  in  which  a  very  large  number  of  exceedingly  busy 
men  in  the  office  of  the  Sanitary  District,  and  elsewhere,  have  come 
to  our  aid  and  furnished  us  with  a  mass — an  overwhelming  mass — 
of  data,  and  have  answered  the  liood  of  questions  which  we  have 
had  in  the  course  of  our  duty  to  pour  upon  them.  I  have  met  with 
a  good  deal  of  kindness  in  Canada  and  Australia  and  in  other  parts 
of  the  world,  but  I  have  never  met  with  greater  courtesy  or  kind- 
ness on  the  part  of  my  professional  brethren  than  T  have  met  with 
here  in  Chicago. 

With  regard  to  what  is  expected  of  us,  I  am  reminded  of  a 
certain  reviewer  passing  judgment  on  a  certain  book  which  was 
submitted  to  him.  He  said  that  it  contained  a  great  deal  that  was 
new  and  a  great  deal  that  was  true,  but  the  things  that  were  new 
were  not  true  and  the  things  that  were  true  were  not  new. 

Now,  I  trust  that  it  is  not  expected  of  my  colleagues  and  myself 
that  we  should  come  forward  with  any  novel  or  startling  proposi- 
tion with  regard  to  the  treatment  of  the  sewage  of  the  city.  If  we 
(lid  so,  I  think  we  should  effectually  blast  our  professional  reputa- 
tions. I  rather  think  that  what  is  exjiected  of  us  is  that,  coming 
with  fresh  minds  to  this  problem,  we  should  endeavor  to  set  things 
in  their  right  focus  and  in  their  true  proportion,  and  that  possibly 
we  should,  through  the  opportunities  which  present  themselves  to  us. 
do  something  to  educate  jniblic  opinion,  at  all  events  the  opinion 
which  counts,  on  behalf  of  those  who  are  already  work-ing  so 
strenuously  in  this  great  task. 

r.efore  sitting  down — I  have  talked  too  long  already,  but  I 
do  want  to  associate  myself  most  cordially  with  what  Mr.  Watson 
has  said  with  respect  to  American  engineers  and  American  methods, 
r  know  ver\'  well  that  anything  that  savors  of  flattery  or  compliment 
would  be  distasteful,  and  I  ask  you  to  believe  mo  that  nothing  of  the 
kind  is  in  my  mind,  and  that  I  am  simply  speaking  from  the  depths 
of  full  conviction  when  1  say  that  wc  in  England,  working  in  a 
somewhat  constricted  environment,  working  amid  obstacles  of  vari- 
ous kinds,  some  inherent  to  the  <;ituation.  some  due  to  our  own 
temperament,  working  ]iossiblv  with  a  slavish  regard  for  precedent. 
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ran  and  do  admire  and  envy  the  way  in  which  problems— engineer- 
ing problems,  and  problems  of  many  other  kinds— are  approached 
m  this  country.  You  may  possibly  have  a  little  to  learn  from  u'; 
in  England ;  certainly  we  in  England  have  a  great  deal  to  learn  from 
America,  more  particularly  as  regards  the  direct  and  practical  way 
in  which  you  tackle  your  great  problems. 

I  have  greatly  enjoyed  the  opportunity  of  meeting  members 
of  the  Western  Society  of  Engineers,  and  I  shall  carry  back  to 
England  with  me  an  account  of  the  live  engineering  societies  which 
you  have  in  America. 

Mr  Alvord:  Engineers  have  a  warm  place  in  their  hearts 
lor  the  laymen  that  appreciate  engineering  work.  I  want  to  bear 
tribute  to  the  public  spirit  and  generositv  of  Air.  Henry  H  Walker 
who  has  made  possible  this  investigation.  Mr.  Walker  has  traveled 
all  over  Europe  and  has,  I  think  I  may  safely  say,  been  to  more 
sewage  disposal  plants  and  investigated  them  more  often  than  any 
Ainencan  sanitary  engineer  that  I  happen  to  know.  We  would  like 
to  have,  before  we  close  the  meeting,  a  word  of  greeting  from  Mr 
Walker. 

Mr.  Henry  H.  Walker:,  I  have  written  on  this  subject  many 
times,  but  I  brought  these  gentlemen  here  to  speak  for  me  and  in- 
dorse, T  hope,  some  of  the  things  that  I  have  advocated 
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CHARACTERISIIC  CURVES  OF  CENIRIPUGAL 

PUMPS 

F.  Wii.r.iAAt  Greve,  Jr./  Assoc.  W.  S.  V.. 

I'riW('nfrd  June   i ,   n)i  j. 

Tlic  (lc\  clopniciu  of  cliaraclcristic  curves,  illustrating  the  per- 
formance of  centrifugal  pumps,  provides  a  clear  and  precise  method 
of  comparing  the  relative  values  of  such  pumps. 

Characteristic  curves  may  deal  with  cither  the  design  or  the 
performance  of  a  machine,  limited  only  in  that  the  curves  must  be 
characteristic  of  that  type  and  follow  the  same  general  equation  for 
any  one  type  of  machine,  irrespective  of  size  or  make. 

It  is  not  the  purj^ose  of  this  paper  to  cover  questions  of  design 
or  actual  results  that  ha\e  been  obtained,  but  rather  to  illustrate  a 
characteristic  method  of  diagramming  the  experimental  data  pertain- 
ing to  centrifugal  pumps.  The  accompanying  diagrams  were  de- 
veloped from  data,  chosen  at  random  from  a  number  of  tests,  to 
illustrate  average  conditions.  The  curves  deal  with  the  head,  speed, 
capacity,  horse  power  input  and  output,  and  the  efficiency  of  a  4  in. 
centrifugal  pump.  The  horse  power  output  of  the  motor  driving 
the  pump  is  labeled  b.  hp.  on  the  diagrams  and  was  assumed  equal 
to  the  horse  power  injntl  of  the  pump,  no  allowance  being  made  for 
i)elt  slippage. 

Dl.VCUAM    X(i.    1. 

Three  series  of  curves  have  been  plotted  on  Diagram  Xo.  1.  At 
present,  we  shall  consider  only  the  set  showing  the  relation  between 
head  in  feet  and  capacity  in  gallons  per  minute,  the  speed  remaining 
constant  for  any  one  curve.  As  one  might  expect,  the  head  de- 
creases with  increase  of  capacity  (except  with  very  small  dis 
charges),  but  the  curves  show  that  the  maximum  head  does  not 
occur  at  the  minimum  discharge,  but  at  a  point  equal  to  about  one- 
third  of  the  maximum.  Had  these  curves  been  continued,  they 
would  have  dropped  on  a  line  approaching  the  vertical.  From  the 
fact  that  the  curves  are  parallel  or  concentric,  the  relations  of  head 
and  capacity  can  be  easily  established  by  simply  sketching  in  a  new 
curve  for  the  desired  speed,  the  curves  established  from  the  test 
data  acting  as  guides. 

!)IAr.R.\M    NO.  2. 

Diagram  No.  2  illustrates  the  changes  in  efficiency  for  various 
values  of  capacity  when  computed  for  a  constant  speed.  Up  to  a 
certain  limit,  variable  for  each  size  or  make  of  ])umi).  the  maximum 
efficiency  and  capacity  arc  found  to  increase  with  an  increase  of 
>pced.  It  may  be  noted  that  the  point  of  maximum  efficiency  moves 
to  the  right  or  to  a  ]ioint  of  greater  capacity,  as  the  speed  is  in- 
creased. 
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For  small  discharges,  the  efficiency  is  practically  the  same  at 
any  speed.  In  general,  each  one  of  these  curves  resembles  a  semi- 
ellipse  with  the  line  of  abscissae,  or  the  capacity-line,  as  the  minor 
axis.  On  this  diagram,  a  maximum  efficiency  of  58%  is  obtained 
at  a  speed  of  1200  r.  p.  m.  and  not  at  the  highest  speed.     . 

DIAGRAM  NO.  3. 

The  amount  of  horse  power  supplied  to  a  pump  to  give  a  defin- 
ite discharge  at  a  constant  speed,  is  shown  on  Diagram  No.  3.  As 
one  might  surmise,  the  horse  power  input  increases  with  the  dis- 
charge for  a  given  .speed  until  the  point  of  maximum  capacity  has 
been  reached,  when  the  curve  becomes  horizontal. 

DIAGRAM  NO.  4. 

The  curves  on  Diagram  No.  4  have  been  plotted  between  brake 
horse  power  and  revolutions  per  minute,  the  capacity  remaining 
constant  for  any  one  test.  Naturally,  the  input  increases  with  the 
speed.  These  curves  have  been  developed  with  the  aid  of  Diagram 
No.  3.  On  the  latter  diagram  the  brake  horse  power  has  been  read 
to  give  a  constant  discharge  for  the  several  speeds  as  plotted. 

DIAGRAM   NO.   5. 

Curves  determining  the  range  in  head  for  various  speeds  (the 
discharge  remaining  constant),  are  shown  on  Diagram  No.  5,  which 
was  developed  from  No.  1  in  much  the  same  manner  as  Diagram 
No.  4  was  obtained  from  No.  3.  The  equations  of  the  curves  fol- 
low closely  those  of  straight  lines,  and  indeed  for  large  quantities 
may  be  assumed  as  such.  This  diagram  and  the  one  preceding  it 
are  not  of  great  importance  by  themselves,  but  are  valuable  in  de- 
termining the  curves  on  Diagram  No.  1. 

Referring  to  Diagram  No.  1,  the  series  of  curves  drawn  from 
the  upper-left  to  the  lower-right  end  of  the  sheet  show  the  horse 
power  required  to  discharge  any  quantity  of  water  against  any  head 
and  at  any  speed  within  the  limits  of  the  pump.  The  method  of 
determining  these  curves  is  illustrated  by  the  following:  On  Dia- 
gram No.  4  let  us  locate  the  point  of  intersection  of  the  lines  of  700 
r.  p.  m.  and  5  b.  hp.  The  capacity  by  interpolation  will  be  found 
to  be  340  g.  p.  m.  At  the  intersection  of  the  lines  of  900  r.  p.  m. 
and  5  b.  hp.  the  capacity  closely  approximates  145  g.  p.  m.  Repeat 
to  secure  several  values  of  discharge  and  speed  for  the  given  horse 
■  ])Ower.  On  Diagram  No.  4,  the  three  lines  of  capacity,  speed  and 
discharge  may  be  found  to  average  at  one  point  and  then  no  inter- 
polation is  necessary.  It  may  be  well  to  remember  that  interpola- 
tion may  be  made  of  either  the  speed  or  the  capacity,  the  horse 
powei^  alone  remaining  fixed.  Transpose  to  Diagram  No.  1  the  values 
of  discharge  and  speed  for  the  given  horse  power.  Here  again 
interpolation  may  be  necessary.  Connect  the  several  points  of  equal 
horse  power  on  Diagram  No.  1  and  the  result  is  a  curve  showing  the 
jjowcr  required  under  various  conditions  of  speed,  capacity,  and 
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head.  In  the  same  manner,  curves  of  any  power  within  the  require- 
ments of  the  pump  may  be  drawn.  These  curves  are  nearly  parallel, 
or  concentric,  when  the  range  in  horse  power  is  small.  This  fact  is 
of  great  importance,  for  when  the  power  is  required  for  which  no 
curves  have  been  drawn,  a  new  curve  may  be  sketched  in  with  rea- 
sonable accuracy. 

In  the  general  direction  from  the  upper-right  towards  the  lower- 
left  side  of  the  diagram,  are  shown  a  series  of  curs^es  representing 
the  efficiencies.  In  a  manner  similar  to  that  employed  in  obtaining 
Diagrams  Nos.  4  and  5,  a  series  of  curves  could  be  plotted  between 
efficiency  and  speed  for  any  constant  capacity.  This  is  not  necessar}^. 
because  all  the  data  needed  are  available  on  Diagrams  Nos.  1  and  2. 
On  Diagram  No.  2  the  line  of  40%  efficiency  will  be  found  to  cross 
the  line  of  1,000  r.  p.  m.  at  the  points  of  150  and  700  g.  p.  m.  Trans- 
pose these  points  of  intersection  of  the  lines  of  speed  and  capacity 
to  Diagram  No.  1,  making  use  of  all  the  speed  curves  drawn.  Con- 
necting the  points  of  equal  efficiency  results  in  an  Iso-Efficiency 
curve,  or,  in  other  words,  a  cur\-e  which  shows  the  relations  of  head, 
speed,  capacity,  and  horse  power  required  to  give  a  definite  efficiency. 
When  by  this  method  an  insufficient  number  of  points  have  been 
plotted,  or  it  is  desired  to  check  the  results  obtained,  recourse  may 
be  had  to  Diagram  No.  1.  For  instance,  assume  any  point  on  one 
of  the  horse  power  curves.  The  head  and  discharge  can  be  read 
immediately,  and  by  the  aid  of  these  two  quantities  the  horse  power 
output  of  the  pump  is  readily  obtained.  This  pump  horse  power 
divided  by  the  horse  power  input  at  the  same  point  will  give  the 
efficiency  at  this  point.  Just  as  in  drawing  contour  maps,  it  is  pos- 
sible to  plot  any  number  of  these  points.  For  example,  a  head  of 
61  ft.  with  a  corresponding  discharge  of  559  g.  p.  m.  results  in  8.6 
h.  p.  of  work  done  by  the  pump.  The  horse  power  input  is  15  and 
the  efficiency  is  found  equal  to  57.5%.  With  a  head  of  82  ft.  and 
a  capacity  of  416  g.  p.  m..  the  horse  power  is  8.6,  the  horse  power 
input  is  15,  again  resulting  in  an  efficiency  of  57.5%. 

The  efficiency  curves  are  similar  to  the  ellipse.  The  major  and 
minor  axii  of  each  curve  intersect  in  a  common  point,  or  origin, 
about  which  the  curves  themselves  are  concentric.  This  point  of 
intersection  is  also  the  point  of  maximum  efficiency.  Similar  to  the 
discussion  of  the  brake  horse  power  curves,  the  fact  that  these  Iso- 
Efficiency  curves  are  concentric  is  very  important.  Efficiency  curves 
which  have  not  already  been  drawn  can  be  sketched  in  with  con- 
siderable ease  and  accuracy. 

The  advantages  of  representing  the  performance  of  a  pump  in 
the  manner  explained  are  several  in  number  and  are  of  interest 
to  both  the  engineer  and  the  manufacturer.  The  most  valuable  fact 
brought  out  in  the  -preceding  explanation  is  that  in  any  series  of 
curves  on  Diagram  No.  1  the  curves  are  parallel  or  nearly  so.  Dia- 
grams Nos.  2,  3,  4  and  5  may  be  considered  as  supplementary  to 
Diagram  No.  1.     Any  question  referring  to  the  relations  of  speed, 
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discharge,  head  pumped  against,  horse  power  input  and  output  are 
quickly  answered  by  reference  to  Diagram  No.  1.  In  short,  this 
diagram  represents  a  map  upon  which  the  characteristics  of  the 
pump  are  indicated.  It  is  the  only  one  that  is  necessary  to  keep  on 
file,  thus  reducing  the  amount  of  data  to  keep  for  reference.  At 
the  conclusion  of  a  test,  it  is  sufficient  in  itself  in  indicating  the 
results  obtained. 

When  more  than  one  diagram  is  used  in  representing  test  re- 
sults there  is  danger  of  error  when  the  eye  is  deflected  from  one 
diagram  to  another.  Tables  are  often  prepared  in  lieu  of  diagrams 
which  also  give  rise  to  error  due  to  necessary  interpolation  and  to 
the  comparison  of  results,  summed  up  under  several  headings.  A 
salesman  on  the  road  is  able  to  answer  quickly  and  accurately  the 
questions  of  a  client  in  regard  to  the  size  and  speed  of  a  pump  to 
discharge  the  required  amount  of  w-ater  under  given  conditions  and 
the  efficiency  of  the  machine  under  such  conditions. 

In  conclusion,  the  characteristic  curves  explained  illustrate  the 
results  of  a  test  in  concise  form ;  reduce  the  liability  of  error  to  a 
minimum ;  require  the  least  amount  of  data  to  be  kept  on  file  or 
forwarded  to  a  prospective  buyer;  and  provide  an  easy  method  of 
comparison  of  various  pumps. 

Dl.SCUSSION. 

President  Lee:  The  paper  is  now  open  for  discussion,  and  I 
am  sure  that  Professor  Greve  will  be  glad  to  answer  any  questions 
that  may  be  asked. 

H.  S.  Bozven,  u.  w.  s.  e.  :  Have  you  found  that  you  get  the 
same  characteristics  for  a  specific  total  head,  irrespective  of  how  that 
total  head  is  divided  between  discharge  and  suction  heads? 

The  Author:  We  have  noted  some  characteristics.  The  prac- 
tical range  was  really  the  same.  The  range  of  suction  in  compari- 
son with  discharge  is  small. 

Mr.  Bowen:  About  what  was  the  comparison  of  suction  and 
discharge  heads? 

The  Author:  Where  head  is  as  low  as  40  ft.,  the  suction  is 
probablv  10  ft.  As  I  remember,  the  characteristics  came  out  just 
alike  all  through. 

Mr.  Boiven:  Some  recent  tests  indicated  that  there  was  quite 
a  change  in  characteristics  when  the  pump  had  a  very  low  suction 
head  without  a  foot  valve,  and  when  compared  with  the  suction 
head  was  higher  due  to  a  foot  valve.  In  either  case  the  total  head 
was  low,  about  12  ft.,  and  the  suction  was  a  comparatively  largt- 
per  cent. 

The  Author:  I  did  not  work  it  out  as  low  as  that.  Data  seem 
to  be  more  or  less  at  fault.  That  is.  in  a  great  many  tests  the  pump 
has  not  been  credited  with  creating  velocity.  This  docs  not  seem 
to  be  fair. 
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5".  T.  Smeiters,  .m.  w.  s.  e.  :  Manufacturers'  claims  are  much 
higher  than  the  figures  generally  given  for  velocity  of  approach  and 
velocity  of  discharge. 

The  Author:  'Jhc  \clocit\-  of  approach  and  the  velocity  of 
discharge  were  obtained  with  the  aid  of  the  formula,  q—-a  v;  where 
(/  is  the  discharge  in  cubic  feet  per  second,  a  is  the  area  of  the  pipe 
in  square  feet,  and  v  is  the  velocity  in  feet  per  second.  The  velocity 
of  approach  was  very  small  except  in  the  cases  of  large  discharge. 
The  pump  was  credited  with  creating  these  two  velocities. 

Mr.  Sinettcrs:  What  length  of  pipe  would  you  specify  for 
head  and  discharge? 

The  Author:  The  diameter  of  pipe  is  limited  by  design  of 
pump.  We  take  into  consideration  the  friction  head  and  discharge 
through  suction  pipe.  The  length  of  discharge  pipe  is  immaterial, 
provided  we  take  care  of  the  friction  between  pump  and  gauge.  The 
idea  is  to  have  the  pressure  gauge  as  close  to  the  pump  as  prac- 
ticable. If  you  take  care  of  the  friction  loss  between  pump  and 
gauge  the  length  of  pipe  is  immaterial. 

President  Lee:  The  question  of  pumping  is  nearly  as  old  as 
civilization.  I  have  been  given  to  understand  that  the  preferred 
installation  is  growing  to  be  the  centrifugal  pump.  In  fact.  I  have 
recently  heard  of  the  substitution  of  heavy  duty  centrifugal  pumps 
for  the  tremendous  pumps  with  which  we  are  familiar  in  large 
]jumping  stations  for  service  in  cities.  It  is  a  very  interesting  sub- 
ject and  I  would  like  to  hear  from  Mr.  Baker: 

H.  S.  Baker,  m.  \\.  s.  k.  :  I  did  not  come  to  speak  on  centrifugal 
pumps,  but  to  learn  something  about  them.  Like  most  water  works 
engineers,  we  are  interested  in  that  subject.  The  City  of  Chicago 
has  several  centrifugal  pumps  in  service,  of  which  the  large  sewage 
]nmips  at  39th  Street  and  Lawrence  Avenue  are  the  oldest  and  are 
driven  by  direct-connected  steam  engines. 

In  1911  two  water  works  pumps  were  installed  at  22nd  Street. 
They  are  operated  by  alternating  current  motors  of  1.000  h.  p.,  the 
pumps  having  a  capacity  of  25  million  gallons  per  day  against  a  115 
foot  head,  and  20  million  gallons  per  day  against  a  130  foot  head. 
Each  unit  was  specified  to  give  a  combined  efficiency  of  67.5%. 

Later  on,  two  steam,  turbine-driven,  centrifugal  pumps,  built 
by  the  Allis-Chalmers  Company,  were  installed  at  the  Lake  V'iew 
pumping  station.  These  pumps  are  designed  for  20  million  gallons 
capacity,  are  driven  by  600  h.  p.  steam  turbines  and  pump  againsl 
a  120-foot  head.  They  run  1.500  r.  p.  m.  and  have  double  run- 
ners. They  have  since  been  taken  out  of  Lake  \  iew  pumping  sta- 
tion and  have  been  erected  at  68th  Street  pumping  station,  where 
they  will  be  kept  in  service  until  the  new  pumping  station  is  erected. 

During  the  past  two  or  three  years  Harrison  Street,  Fourteenth 
Street,  Central  Park  Avenue,  and  Springfield  Avenue  pumping  sta- 
tions have  been  worked  u])  to  i)ractically  their  full  caj)acit\   through 
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the  entire  summer,  as  well  as  during  the  cold  weather,  and  when  one 
engine  had  to  be  shut  down  there  was  a  decided  drop  in  pressure. 

We  contemplated  putting  in  triple  expansion  pumping  engines 
of  the  same  type  as  already  installed,  but  found  we  had  not  suffi- 
cient room.  We  secured  four  centrifugal  pumps,  manufactured  by 
the  AUis-Chalmers  Company,  and  installed  them  in  each  of  the 
existing  stations  as  reserve  units.  They  are  of  25  million  gallons 
capacity  each,  against  130-foot  head,  driven  by  800  h.  p.  steam  tur- 
bines. They  have  not  yet  been  tested  for  efficiency,  but  are  giving 
good  service. 

There  is  also  one  3-million  gallon,  electric,  motor-idriven,  cen- 
trifugal pump  at  the  booster  station  at  Mayfair.  It  is  driven  by  a 
100  h.  p.  motor  with  220- volt  alternating  current.  Two  5-million 
gallon  pumps  driven  by  100  h.  p.  steam  turbines  are  being  installed  at 
Roseland  pumping  station  as  booster  pumps  to  supply  Washington 
Heights  high  level  district,  with  a  guaranteed  duty  of  67  million 
foot  pounds  per  1,000  pounds  of  steam. 

The  design  of  centrifugal  pumps  is  improving  so  rapidly  lately 
that  it  has  come  to  the  point  where  any  engineer  planning  the  in- 
stallation of  new  pumping  machinery  must  consider  them  seriously. 
The  city  of  Cleveland  has  just  purchased  a  25  million  gallon 
unit  to  work  against  a  head  of  over  200  feet. 

The  city  of  Toronto  has  a  number  of  such  units. 
The  city  of  Philadelphia  has  received  bids  for  a  number  of  cen- 
trifugal pumps  to  be  driven  by  steam  turbines. 

Buffalo,  N.  Y.,  has  had  for  a  long  time  centrifugal  pumps 
driven  by  motors. 

In  New  York  City  the  high  pressure  tire  service  is  supplied  by 
centrifugal  pumps. 

From  this  it  will  be  seen  that  centrifugal  pumps  are  taking  a 
large  part  in  water  works  pumping  at  the  present  time. 

The  reserve  units  installed  by  the  city  of  Chicago  were  put  in 
on  a  guarantee  of  87  million  foot  pounds  duty  per  1,000  pounds 
of  steam.  That  was  a  couple  of  years  ago.  The  modern  type  of 
triple  expansion  pumping  engines  attain  a  duty  of  165  million  foot 
pounds  and  upward. 

The  builders  of  centrifugal  pumps  driven  by  steam  turbines 
are  now  claiming  higher  duties — up  to  about  140  million  foot  pounds. 
When  we  consider  that  a  duty  of  approximately  130  to  140 
million  foot  pounds  can  be  obtained  with  a  unit  that  will  cost  $35,000 
to  $40,000.  and  that  a  unit  of  ecjual  capacity  of  triple  expansion  type 
would  cost  $95,000  to  $100,000.  it  appears  to  be  a  close  race  between 
them.  The  cost  of  repairs  and  labor  for  operation  of  centrifugal 
pumv)s  will  probably  be  low. 

Tests  should  be  made  on  centrifugal  pumps  driven  by  steam 
turbines  and  electric  motors  after  they  have  been  running  for  a  year 
or  more.  Such  tests  have  not  been  published  to  any  extent,  and 
would  afford  valuable  information. 
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Mr.  Bowen:  I  met  a  man  a  few  weeks  ago  who  has  charge  of 
seven  large  pumping  stations,  with  heads  ranging  from  85  to  340  ft. 
He  has  no  centrifugal  pumps,  but  he  made  a  statement  to  me  which 
was  indeed  very  interesting.  PVom  one  of  these  stations  (it  is  for 
irrigation  purposes),  the  water  is  taken  off  at  several  different  levels, 
making  several  different  heads ;  and  the  statement  he  made  was, 
that  when  the  water  was  taken  off  the  discharge  line  at  maximum 
head  the  fuel  consumption  was  quite  a  little  greater  than  when  a 
portion  was  taken  off  at  high  level  and  a  portion  at  low  level,  and 
when  the  pumps,  were  running  at  the  same  speed  and  therefore 
delivering  the  same  volume  of  water.  The  head  at  pump,  as  indi- 
cated by  gauges,  was  exactly  the  same  in  each  case,  which  would 
indicate  that  the  pumps  were  doing  exactly  the  same  work  under 
the  two  conditions,  but  the  fuel  consumption  was  different.  If  this 
is  true,  which  is  hard  to  conceive,  then  perhaps  the  testing  of  pumps 
in  manufacturers'  plants,  where  heads  are  created  by  a  valve  in  the 
discharge  line,  may  give  results  which  will  differ  when  the  same 
head  is  obtained  in  actual  operating  conditions. 
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SEWAGE  DISPOSAL    PLANT  AT    ABERDEEN, 
SOUTH  DAKOTA 

W.  G.  Potter,  m.  w.  s.  e. 

Presented  Jiinc  /-s.  /';//,  hcfnrc  the  Hydraulic.  Sanitary  and 
Municipal  Sectinu. 

INTRODUCTION. 

Aberdeen,  South  Dakota,  is  a  town  of  about  12,000  popula- 
tion, and  is  located  on  flat  prairie  land,  having  very  little  fall 
in  any  direction.  The  city  boundaries  include  about  four  square 
miles;  the  extreme  variation  in  elevation  does'  not  exceed  15  ft. 
and  that  only  in  a  very  small  portion  of  the  city.  No  large 
streams  flow  within  reach  of  the  town  for  sewage  outfall.  The 
mily  stream  at  all  available  is  a  small,  sluggish  creek  calle<l 
Moccasin  Creek,  which  flows  through  the  eastern  part  of  the 
city.  Into  this  both  the  storm  sewage  and  the  sanitary  sewage 
empty,  and  for  the  larger  part  of  the  year  the  only  current  in  the 
stream  is  from  this  flow  of  sewage,  increased  by  the  waste  and  over- 
flow from  the  artesian  wells. 

Aberdeen,  being  in  the  artesian  belt  of  South  Dakota,  de- 
rives all  of  its  water,  both  for  the  municipal  supply  and  for  a 
large  number  of  private  supplies',  from  artesian  wells.  The 
pressure  from  these  wells  is  very  high,  the  static  pressure 
amounting  in  some  instances  to  as  much  as  240  lb.,  while  the 
hydrant  pressure  around  town  usually  runs  about  60  lb.,  with 
a  night  pressure  sometimes  up  to  or  over  100  lb.  One  city 
well  of  8  in.  diameter  gave  at  first  about  2,300  gallons  per  min 
ute  discharge  from  a  depth  of  1,270  ft.  Many  of  these  wells 
of  smaller  size  are  left  flowing  all  the  time,  and  because  the 
storm  sewer  system  is  as  yet  very  limited,  this  overflow  goes 
into  the  sanitary  sewers,  thus  greatly  increasing  the  volume  to 
be  pumped  and  purified.  Aside  from  this,  the  sanitary  sewers 
contain  very  little  except  domestic  sewage  and  the  wastes  from 
several  laundries. 

OF.n    niSPOSAI.    SVSTE>f. 

I^he  system  in  use  heretofore  has  been  as  follows.  All  sew- 
age has  to  be.  pumped.  The  pump  station  was  located  within  a 
mile  from  the  business  district,  and  the  sewage  of  the  city  is 
collected  at  this  place  in  a  36  in.  concrete  sewer  about  25  ft.  deep. 
l''rom  this  main  the  sewage  entered  three  concrete  wells  inside 
the  pump  house,  each  8  ft.  in  diameter,  and  each  extending 
about  5  ft.  below  the  36  in.  inlet  pipe.  In  these  wells  were  three 
centrifugal  pumps,  operated  not  continuously  but  with  period> 
of  rest  lasting  not  over  three  hours,  during  which  the  sewage 
rose  some    10  ft.   or   more   in    the   wells   and   backed   up   in   the 
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main  sewer  correspondingly.  The  pumps  were  all  submerged 
and  hard  to  get  at  for  repairs.  They  were  operated  by  a  vertical 
shaft  and  belted  to  a  countershaft  under  the  floor.  The  engine 
was  a  55  h.  p.  Muenzel  gas  engine,  deriving  its  power  from  one 
60  h.  p.  and  one  100  h.  p.  gas  producers.  With  this  engine,  the 
sewage  was  lifted  about  19  ft.,  run  through  a  16  in.  force  main 
about  1,000  ft.,  and  then  again  lifted  about  10  ft.  into  the  septic 
tank.  This  tank  was  of  concrete,  partly  with  flat  concrete  roof 
and  partly  covered  with  a  concrete  block  building.  The  windows 
and  doors  were  all  boarded  up,  and  there  was  absolutely  no 
ventilation,  with  the  result  that  in  places  the  concrete  was  en- 
tirely disintegrated  by  the  sewage  gases,  leaving  holes  through 
the  roof.  There  was  no  further  purification,  and  the  sewage 
entered  the  stream  almost  as  foul  as  it  entered  the  tank,  this 
pollution  continuing  for  a  mile  below  the  outlet  of  the  stream, 
and  emitting  an  odor  that  often  reaches  the  residence  district. 
Both  the  pump  station  and  the  septic  tank  were  of  poor  concrete 
or  concrete  blocks,  and  as  the  former  was  in  a  dangerous  con- 
dition, it  was  considered  advisable  to  build  an  entirely  new 
plant. 

NEW  DISPOSAL   SYSTEM. 

The  new  disposal  system  was  planned  to  consist  of  a  new 
pump  house  with  larger  pumping  capacity,  a  force  main  to  the 
new  plant,  a  sedimentation  tank,  a  sprinkling  filter,  sludge  filter, 
and  final  settling  tank. 

The  location  decided  upon  was  about  two  miles  south  of 
the  town  at  the  junction  of  Moccasin  Creek  with  another  small 
stream,  Foote  Creek,  where  some  little  additional  flow  would 
be  obtained,  at  least  in  the  spring  and  in  wet  seasons. 

NEW  PUMP  HOUSE. 

Because  of  the  concrete  pump  wells  and  the  main  sewer 
being  in  good  condition,  it  was  decided  to  locate  the  new  pump 
house  upon  the  site  of  the  old  one.  The  problem  became  to 
remove  the  old  building,  erect  the  new  one,  put  in  an  additionarl 
engine  and  producer,  put  in  three  new  pumps,  and  change  the 
position  of  the  old  engine  and  producers,  and  still  keep  the 
pumps  going  with  no  shutdown  of  over  the  three-hour  period. 
The  first  thing  done  was  to  remove  the  old  building  and  erect 
the  new  one  with  the  walls  on  new  foundations  just  outside  the 
old  ones,  thus  making  the  new  building  slightly  larger  than 
the  old  one.  This  new  building  was  made  of  brick  with  con- 
crete roof  on  steel  girders.  Then  the  old  pumps  were  removed 
one  at  a  time,  the  wells  were  filled  with  concrete  to  the  grade  of 
the  incoming  sewer,  and  cast-iron  inlet  pipes  and  gates  were 
concreted  into  the  old  terra  cotta  inlets.  Connected  with  these 
inlet  pipes  are  the  three  pumps — one  8-in.  and  two  10-in.  Law- 
rence  centrifugal  pumps — so  that   all   will  be  operated   in   the 
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dry,  and  easily  accessible  for  repair.  Each  pump  has  a  ver- 
tical shaft  running  to  a  beveled  gear  connection  with  a  hori- 
zontal shaft  above  the  floor.  This  horizontal  shaft  is  built  in 
three  sections  so  that  either  pump  may  be  operated  independent 
of  the  other.  By  direct  belts  this  horizontal  shaft  is  connected 
to  the  old  55  h.  p.  and  the  new  100  h.  p.  engine.  Both  are  of 
the  Muenzel  type  of  gas  engine  built  by  the  Minneapolis  Steel 
and  Machinery  Co.  The  horizontal  shaft  is  also  connected  to  a 
30  h.  p.  motor  for  emergency,  and  this  receives  its  power  by 
wire  from  the  Aberdeen  Light  &  Power  Co.  In  the  producer 
room  of  the  pump  house  the  old  producers  have  been  changed 
in  position  and  a  new  producer  and  wet  scrubber  added.  Ad- 
joining the  producer  room  is  a  hopper-bottomed  coal  room,  from 
which  the  coal  is  elevated  to  a  point  above  the  producers  and 
distributed  to  each.     Another  room  is  equipped  with  a  forge 


I 
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Fig.  1. — View  af  Exterior  of  Sedinientation  Tank. 


and  small  tools  for  repairing,  cutting  pipe,  etc.,  for  the  city 
forces.  A  soft-water  well  of  2  in.  size,  about  1,000  ft.  deep,  is 
now  being  bored  to  furnish  water  to  the  producers,  as  it  is 
found  that  the  hard  water  from  the  deeper  wells  has  a  corrosive 
effect  on  the  steel  pans. 

The  reason  for  continuing  tiie  use  of  the  producer  gas'  en- 
gines was  that  this  method  has  been  very  successful  and  very 
cheap  for  the  old  plant,  and  we  did  not  wish  to  discard  the  old 
machinery.  While  I  can  give  no  accurate  cost  figures  for  the 
operation  of  the  pumps,  the  cost  has  been  within  l^c  per  kw. 
hour  against  a  6c  rate  from  the  light  and  power  company  for 
electricity. 

The  punii)age  from  tlu-  lu-w  -station  will  he  contiinious  instead 
of  periodical. 
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FORCE  MAIN. 

From  the  pump  station  the  new  system  will  utilize  about 
300  ft.  of  the  old  16  in.  force  main,  and  will  then  connect  to  the 
plant  with  a  new  14  in.  main  about  9,400  ft.  long.  The  pumpage 
through  this  main  will  be  normally  about  1,500,000  gallons  per 
day,  which  will  give  a  barely  self-cleansing  velocity.  It  is  con- 
sidered that  this  pipe  will  carry  the  sewage  without  excessive 
friction  until  the  discharge  is  about  doubled,  when  another  par- 
allel pipe  will  be  necessary.  The  force  main  is  laid  on  a  gravity 
grade  from  the  pump  station  to  the  plant,  with  a  by-pass  at  the 
plant,  so  that  in  case  of  not  being  able  to  pump  into  the  plant 
at  any  time  they  could  either  pump  through  the  main  to  the 
stream  or  they  could  empty  the  main  entirely  by  force  of  gravity. 

SEDIMENTATION  TANK. 

The  sedimentation  tank  is  rectangular  in  shape,  64  ft.  by 
73  ft.  outside,  and  consists  of  three  units,  any  one   or  all  of 


Fig.  2. — View  of  Interior  of  Sedimentation  Tank  .Showing  Inclined 
Sedimentation  Floors. 


which  may  be  used  at  one  time.  Each  unit  has  three  pockets, 
20  ft.  by  23  ft.  at  the  top  and  2  ft.  by  5  ft.  at  the  bottom,  in 
the  shape  of  an  inverted  square  pyramid.  Suspended  angle  walls 
form  the  upper  story  from  which  the  sludge  falls  into  the  pock- 
ets. As  the  sewage  is  almost  altogetlier  domestic  in  quality,  no 
grit  chambers  are  used  and  the  entrance  of  the  sewage  will  be 
at  one  end  of  the  tank  only,  through  a  14  in,  pipe  in  each  unit 
from  the  force  main,  this  pipe  turning  up  inside  the  tank  to  a 
point  about  6  in.  below  the  flow  line.  The  depth  of  pockets 
and  of  sewage  will  be  17  ft.  The  flow  line  of  the  tank  is  about 
10  ft.  above  the  natural  ground  line.  The  outside  walls  of  the 
tank  are  15  in.  thick  at  the  coping  near  the  top  and  24  in.  at 
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the  bottom,  with  piers  extending  well  below  the  frost  line  at  the 
corners  and  at  the  intersection  of  the  unit  walls  with  the  pocket 
cross  walls  and  outside  walls.  All  are  heavily  reinforced.  Above 
the  coping  of  the  outside  walls  the  concrete  is  3  ft.  high  and 
about  8  in.  thick,  with  a  facing  of  brick  outside.  Above  the 
concrete  is  a  building  of  brick  and  hard-burned  tile,  for  the 
purpose  of  keeping  the  sewage  warm  and  accessible  during  the 
winter.  This  building  covers  both  the  sedimentation  tank  and 
siphon  tanks,  and  has  a  roof  of  wood  construction  supported 
by  posts  on  the  unit  walls  and  covered  with  Carey  roofing. 
Ventilation  is  secured  by  means  of  doors,  windows,  and  three 
ventilators   in   the   roof. 

No  waterproofing  was  necessary,  except  painting  the  in- 
side surfaces  with  asphalt  paint.  Very  few  seeps  were  found 
'  >n   filling  the   sedimentation   tank,  and   those   were  caused   by 


Fig.  o. —  Interior  of  Sedimentation  Tank  in  Operation. 

water  following  the  wires  used  in  holding  the  forms  together 
.All  seeps  were  easily  stopped  by  using  a  little  pitch  on  th«. 
inside  at  these  places. 

Each  pocket  has'  its  sludge  i)ipe  and  valve,  8  in.  in  size. 
.md  the  pipes  from  the  corresponding  ])ockets  in  the  three  units 
combine,  forming  three  main  sludge  pipes  which  extend  through 
the  east  wall  of  the  sedimentation  tank  to  the  sludge  filter. 

THE  SLUDGE  FILTER. 

The  sludge  filter  is  located  30  ft.  east  of  and  parallel  U' 
the  sedimentation  tank.  It  is  32  ft.  by  67  ft.  in  size,  uncovered, 
and  built  of  \Aix\n  concrete  with  12  in.  walls.  It  is  laid  with  a 
'I  in.  floor,  in  which  are  shaped  concrete  drains  about  .^  ft.  apart. 
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The  walls  of  the  filter  come  up  to  about  the  natural  ground  line, 
and  the  depth  is  4^/^  ft.  at  the  north  end  and  5  ft.  at  the  south 
end.  The  filter  material  consists  of  about  18  in.  of  crushed 
>tone  from  2  to  4  in.  in  size,  above  which  is  12  in.  of  coarse 
i^ravel.  The  three  mains  from  the  sedimentation  tank  enter 
the  filter  just  below  the  top  of  the  wall  on  the  west  side,  and 
each  divides  into  a  system  of  4-in.  cast-iron  laterals  supported 
on  piers  just  above  the  surface  of  the  gravel.  Each  of  these 
laterals  is  slotted  for  nearly  its  full  length  and  open  at  the  end 
to  facilitate  cleaning.  In  operation,  after  receiving  the  charge 
from  the  sedimentation  tank,  the  sludge  is  allowed  to  dry  on 
the  filter.  The  liquid  filters  down  to  the  sub-drains,  and  is  car- 
ried away  through  a  12  in.  main  to  the  filter  by-pass,  and  runs 
through  that  around  the  outside  of  the  sprinkling  filter  to  the 
filter  trough,   thus   getting  the  benefit   of  passing  through   the 


Fig.  4. — Sludge  Filter  In  Operation. 
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final  settling  tank.  To  facilitate  removal  of  the  dried  sludge, 
two  tracks  of  24  in.  gauge,  for  industrial  cars,  are  laid  on  con- 
crete piers  over  the  surface  of  the  filter.  The  dried  sludge  will 
l)e  spaded  by  hand  into  the  cars  and  then  removed  to  low 
ground  and  used  for  a  filler. 

SIPHON    TANKS. 

The  liquid,  after  passing  through  the  sedimentation  tank, 
passes  over  an  8  ft.  weir  in  each  unit,  and  into  a  trough,  from 
which  it  goes  through  two  18-in.  sluice  gates  into  the  two  siphon 
tanks.  These  are  adjoining  the  sedimentation  tank,  and  are 
covered  by  the  same  building.  They  are  each  16  ft.  square  at 
the  top  with  three  sides  sloping,  10  ft.  square  at  the  bottom, 
and  are  fitted  with  a  14  in.  Miller  siphon  of  5  ft.  maximum  dis- 
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<harge  depth.  Each  one  of  the  siphon  tanks  contains  about 
7,000  gallons  when  at  discharge  depth,  and  when  running  to- 
gether each  will  discharge  about  once  in  fifteen  minutes.  Veeder 
trip  counters  will  be  used  with  float  attachments  to  register  the 
number  of  discharges  of  each  siphon. 

The  siphons  discharge  into  a  14  in.  main  between  siphon 
tanks  and  sprinkling  filter,  and  branch  14  in.  mains  enter  the 
filter  in  two  places.  By  control  of  the  gate  valves,  either  siphon 
may  be  used  for  either  half  of  the  sprinkling  filter,  or  all  of  it, 
and  if  necessary  the  discharge  of  the  siphon  may  by-pass  the 
filter  altogether  and  come  into  the  final  settling  tank. 

SPRINKLING    FILTER. 

The  sprinkling  filter  is  143  ft.  by  209  ft.  inside,  with  plain 
concrete  walls  8  in.  thick  at  the  top  and  16  in.  at  the  bottom.    A 


Fig.  5. — View  of  Sprinkling  Filter  Showing  Drainage  Channels  and 
Roof  Supports. 


6  in.  concrete  fioor  is  laid  throughout,  antl  in  it,  about  4  ft.  apart, 
are  8  in.  terra  cotta  half  tile  sub-drains.  Each  sub-drain  has  a 
flat  concrete  cover,  18  in.  long,  10  in.  wide,  and  1^^  in.  thick, 
with  two  ribs  which  raise  it  ij^  in.  above  the  floor  to  allow  the 
water  to  enter.  These  covers  were  designed  and  cast  in  Abcr- 
<leen  and  well  seasoned  before  using.  The  filter  floor  has  a  fall 
to  the  south  of  1  ft.  in  the  width  of  143  ft.  On  this  floor  crushed 
granite  of  2  in.  to  4  in.  size  was  spread  to  a  depth  of  5' j  ft.  at 
the  north  end  and  6>^  ft.  at  the  south  side.  One  hundred  and 
seventy-two  carloads  of  rock  were  necessary  to  fill  the  filter  to 
the  required  depth. 
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The  14  in.  main  distributer  enters  the  filter  from  the  siphon 
tank  in  two  places,  each  controlled  by  its  gate  valve.  These 
mains  run  south  through  the  filter  on  concrete  piers  about  1 
ft.  above  the  floor.     Every  13  ft.  on  each  main  a  6  in.  lateral 


\  \ 


Fig.  6.    Sprinkling  Filter  Showing  Piping  Arrangement  for  Sprinkler  Heads. 

extends  east  and  west,  and  at  each  13  ft.  on  each  lateral  is  a  3  in. 
riser  pipe,  on  which  is  a  Taylor  square  nozzle.  There  are  88 
of  these  nozzles'  on  each  main,  or  176  altogether  in  the  filter. 


Fig.  7. — Sprinkling  Filter  Being  Filled  with  Broken  Stunt. 

Each  lateral  is  laid  on  a  grade  to  drain  to  its  main,  and  each 
main  drains  to  the  south  end.     There  each  main  has  a  2  in. 
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drain  running  to  the  filter  trough,  which  may  be  opened  by  a 
stopcock,  thus  draining  the  entire  distribution  system  if  neces- 
sary at  any  time. 

On  account  of  the  usual  extreme  cold  during  the  winter 
season,   some   precautions   were   necessary   to   prevent   freezing 


Fig.  8. — Sprinkling  Filter  Completely  Filled  with  Filtering  Material. 

of  the  nozzles  and  filter.  For  this  purpose,  concrete  piers  were 
built  midway  of  the  nozzles,  and  13  ft.  apart  in  each  direction. 
On  these  piers,  rising  above  the  surface  of  the  stone  about  6  in.. 
4  by  4  posts  were,  erected  with  4  by  6  stringers,  and  on  this 


I'ig.  9. — Sprinkling  Filter  Showing  Roof  Structure. 

framework  a  temporary  winter  cover  of  2  in.  plank  is  laid.  The 
plank  cover  only  will  be  removed  during  the  warm  season, 
the  framework  being  left  in  place,  although  this  framework  is 
so  built  as  to  be  removable  without  drawing  a  nail.  This  roof 
is  of  a  flat  hip  roof  construction  with  3  ft.  rise  to  the  center.    All 
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wood  used  on  this  was  painted  with  a  wood  preservative  before 
using. 

The  sprinkling  filter  covers  0.68  of  an  acre,  and  with  the 
present  normal  flow  of  about  1,500,000  gallons  per  day  it  will 
have  a  loading  of  about  2,200,000  gallons  per  day  per  acre. 


COLLECTING    TROUGH. 


Running  along  the  south  side  of  the  sprinkling  filter,  and 
separated  from  it  by  the  filter  wall  only,  is  the  collecting  trough. 


Fig.  10. — Sprinkling  Filter  Partly  Roofed  Over. 

It  is  3  ft.  wide,  with  a  floor  slightly  below  the  filter  floor ;  the 
outer  wall  is  about  4  ft.  lower  than  the  filter  wall  and  comes 
up  only  to  the  ground  line.     Arches  are  built  in  about  25  ft. 


Fig.  11. — Sprinkling  Filter  In  Operation — Sedimentation  Tank  in  Background. 

apart  over  the  trough   to  counteract  earth  pressure  from   the 
outside. 

All  of  the  filter  sub-drain's  pass  through  the  filter  wall  and 
empty  into  this  trough.  At  the  east  end  of  this  trough  also 
the  filter  by-pass  mentioned  above  enters,  carrying  the  water 
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from  the  sludge  filter  and  from  the  siphon  tanks  in  case  the 
filter  should  for  any  reason  be  put  out  of  service.  Likewise, 
the  force  main  by-pass  has  a  connection  by  which  the  entire 
plant  above  this  point  could  be  put  out  of  service,  if  necessary, 
and  still  give  the  sewage  the  benefit  of  the  final  settling  tank. 
This  trough  could  also,  in  case  of  a  typhoid  epidemic  or  similar 
trouble,  be  used  for  a  hypochlorite  trough.  After  the  liquid 
];asses  into  this  trough,  it  flows  from  either  way  to  the  centre 
;ind  then  through  a  covered  trough  to  the  final  settling  tank. 

FINAL    SETTLING    TANK. 

This  is  a  plain  concrete  tank  63  by  103  ft.  in  size,  divided 
into  two  parts  by  a  middle  longitudinal  wall.  From  the  col- 
lecting  trough    the   flow   enters   a    shallow,    reinforced    hanging 
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.Stream  In  Hack,u;ronn(l. 


trough,  the  flow  into  either  hall  being  controlled  by  a  gate. 
From  this  trough  it  passes  over  a  weir  the  entire  width  of  thi 
tank,  to  the  tank  proper.  Here  it  passes  slowly  through  under 
several  reinforced  baffle  walls  to  the  outlet  end.  The  tank  i.- 
about  4  ft.  deep  below  the  flow  lino,  and  it  takes  the  normal 
flow  about  two  hours  to  pass  through,  thus  allowing  the  sus- 
pended solids  a  final  chance  to  settle  to  the  bottom.  The  floor 
of  the  final  tank  is  below  the  outfall  creek,  and  when  either  com 
partment  is  emptied  for  cleaning,  it  will  have  to  be  done  b} 
gasoline  pumps.  I'Vom  the  final  tank  the  effluent  passes  over 
two  weirs  in  each  half  into  a  final  trough,  and  from  there  through 
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about  200  ft.  of  20  in.  terra  cotta  pipe  to  the  final  outfall  into 
the  stream. 

HEAD   CONSUMED   THROUGH    PLANT 

The  elevation  of  the  main  sewer  at  the  pump  station  is  about 
74.  The  sewage  is  pumped  up  to  elevation  100  at  the  flow  line 
of  the  sedimentation  tank.  The  discharge  of  the  siphon  tanks 
is  at  about  99.5  and  the  elevation  of  the  sprinkler  sprays  is  91.5. 
The  floor  of  the  sprinkling  filter  is  84.5  at  the  south  end,  the 
flow  line  of  the  final  settling  tank  is  84.0,  and  the  grade  of  the 
pipe  at  the  final  outlet  is  83.2.  This  makes  a  total  head  con- 
sumed in  the  disposal  plant  of  16.8  ft. 

AUXILIARY    WORK. 

Part  of  the  auxiliary  work  connected  with  the  proposition 
was  the  construction  of  two  small  reinforced  dams  across  the 


I 
I 


Fig.  13. — General  View  of  Final  Settling  Tank. 

two  streams  for  the  purpose  of  preventing  the  backing  up  of 
the  effluent  towards  town  in  case  of  a  south  wind  and  no  cur- 
rent. A  2-in.  artesian  well  was  also  bored  about  1,000  ft.  deep 
to  furnish  water  for  construction  and  for  other  uses.  A  living 
house  was  moved  from  the  site  of  Aberdeen's'  new  City  Hall, 
about  three  miles  to  the  disposal  plant,  set  up  on  a  concrete 
foundation  and  remodeled.  It  was  connected  with  the  well  and 
given  sewer  connection,  and  is  being  used  by  the  caretaker  as  a 
residence. 

About  1,800  ft.  of  railroad  track  was  put  in  by  the  M.  & 
.^t.  L,  Railroad  to  facilitate  unloading  material. 

GENERAL  REMARKS  AND  COST. 

All  concrete  was  composed  of  Northwestern  States  Portland 
cement  and  pit-run  Kampeska  gravel,  in  proportions  varying 
from  1  to  AYz  to  1  to  6.  This  gravel  was  taken  from  below  the 
water  of  Lake  Kampeska,  about  100  miles  from  Aberdeen,  and  is 

October,  1914 


800  Potter— Stwagc  Disposal  Plant  at  Jberdccii.  S.  D. 

remarkably  free  from  dirt  or  other  foreign  material.     It  made 
a  very  dense  and  solid  concrete. 

In  construction  a  35  ft.  tower  was  erected  between  the 
main  sedimentation  tank  and  the  sludge  filter,  and  all  concrete 
for  these  and  for  the  siphon  tanks  was  spouted  from  the  tower 
to  position.  Gravel  and  cement  were  brought  to  the  mixer  by 
Koppel  cars.  The  concrete  was  raised  in  the  tower,  and  the 
gravel  was  drawn  up  an  incline  to  a  pocket  above  the  mixer 
by  the  use  of  one  team. 

For  the  sprinkling  filter  and  the  final  tank,  the  mixer  wa> 
erected  along  the  railroad  spur,  and  all  gravel  was  shoveled 
direct  from  the  railroad  car  to  the  mixer.  The  concrete  was 
run  from  the  mixer  into  Koppel  cars  on  24  in.  gauge  tracks,  and 
pushed  by  hand  to  the  place  of  dumping.  The  crushed  stone 
for  the  filters,  of  which  175  carloads  were  used,  was  unloaded 
mostly  by  rigging  up  a  block  and  tackle  so  that  a  drag-scraper 
could  be  pulled  lengthwise  of  the  car,  dumping  at  the  end  over 
a  trap  into  a  Koppel  car  beneath.  This  arrangement  cut  the 
cost  of  unloading  and  moving  the  stone  into  position  by  about 
50%from  unloading  by  hand. 

Labor  was  paid  22^c  per  hour  at  first,  followed  for  the 
most  of  the  work  by  25c  per  hour,  and  was  very  hard  to  get 
during  the  summer  and  fall  seasons.  Form  carpenters  were 
paid  from  35c  to  45c  per  hour  and  brick  masons  from  70c  to  80c 
per  hour. 

The  total  cost  of  the  plant  will  be  about  $130,000,  of  which 
about  $20,000  will  be  for  reconstruction  of  the  pump  house  and 
its  new  machinery,  $9,000  for  land  and  right-of-way  costs,  about 
$20,000  for  the  force  main,  $17,000  for  crushed  stone,  and  the  bal- 
ance for  concrete  materials,  labor,  etc.  The  bond  issue  for  this 
work  was  $200,000,  so  that  there  is  an  unexpended  balance  of 
$70,000. 

Sewage  was  started  through  the  new  plant  about  April  1st, 
but  it  will  still  be  some  time  before  the  changes  in  the  pump 
station  are  complete. 

The  entire  work,  excepting  part  of  the  excavation,  part  ot' 
the  pipe  hauling,  and  the  construction  of  the  pump  house  build 
ing  above  the  foundation,  was  done  for  the  Commissioners  ot 
the  city  of  Aberdeen  by  city  forces  without  contract,  the  writer 
being  the  designing  and  constructing  engineer,  and  W.  D. 
Northcn,  of  Chicago,  the  general  foreman.  Most  of  the  change- 
of  machinery  in  the  pump  station  were  made  by  Mr.  W.  F.  Hober- 
ton,  Supt.  of  Water  and  Sewer.  It  is  a  good  example  of  non 
political  municipal  work,  and  the  writer  is  very  glad  to  say  that 
politics  was  one  of  the  incidental  troubles  that  was  entirely  ahseiu 
from  this  work. 

Vol.  XIX.  N...  - 


Discussion — Sczvagc  Disposal  Flint  at  Aberdeen,  S.  D.  801 

Discussion. 

W.  D.  Gcrbcr,  m.  w,  s.  e.  ( Chairman  j  :  One  of  the  principal 
points  of  interest  in  connection  with  this  plant  at  Aberdeen  is,  I 
believe,  the  fact  that  it  was  designed  by  a  special  engineer  (the 
author  of  the  paper  presented  this  evening)  employed  for  that  pur- 
pose, and  constructed  on  a  force  account  basis  by  the  City.  This 
is  rather  a  departure  from  the  general  practice. 

Tlie  Author:  Changes  in  the  pumping  station  are  still  being 
made,  and  because  of  the  operation  of  the  pumps  the  work  is  pro- 
ceeding very  slowly.  It  will  ]jrobably  be  another  month  before 
the  changes  are  completed. 

The  cost  of  concrete  work  ran  from  $3.25  for  the  concrete 
tioor  in  the  sprinkling  filter  up  to  about  $8.25  on  part  of  the  rein- 
forced work. 

The  cost  (jf  tmloading  stone  in  the  s^jrinkling  filter  at  first  ran 
from  45c  to  60c  per  yard.  Later  we  were  able  to  cut  it  down  to 
19c  to  24c  per  yard  by  working  the  drag  scraper  lengthwise  of 
the  car  and  dumping  through  a  trap  into  Koppel  cars.  Most  of 
the  cars  used  were  gondolas.  The  average  final  cost  was  about  32.4c 
for  unloading  stone  from  the  cars  and  ptttting  it  in  ])lace  in  the 
filter. 

Mr.  Gcrbcr:  The  construction  of  such  a  plant  is  an  interest- 
ing problem,  and  one  that  itsually  requires  special  consideration.  1 
think  perhaps  ]\fr.  Sherman  can  give  us  some  ]ioints  on  construct- 
ing concrete  work  of  this  character. 

L.  K.  Sherman,  yi.  w.  s.  e.  :  The  plant  at  Aberdeen  furnishes 
two  interesting  features.  One  of  them  is  the  location  of  a  sprink- 
ling plant  so  far  north,  where  provision  had  to  be  inade  for  an 
extremely  low  temperature.  We  shall  be  interested  to  learn  the 
future  results. 

The  other  interesting  feature  is  that  today  the  people  them- 
selves are  taking  a  higher  view  of  necessities  and  requirements. 
We  have  been  accustomed  to  thinking  that  sewage  disposal  plants 
were  forced  upon  us  by  community  growth ;  in  other  words,  where 
the  population  became  dense,  we  took  care  of  the  situation  by  build- 
ing a  plant  to  prevent  being  a  nuisance  to  our  neighbors.  That  we 
have  advanced  and  will  not  put  up  with  what  we  did  twenty  years 
ago  in  the  line  of  sanitation  is  exemplified,  T  think,  in  this  plant 
at  Aberdeen. 

We  have  also  become  more  rational  in  our  views  regarding 
sewage  disposal.  Some  time  ago,  in  speaking  of  sewage  disposal, 
we  said  "sewage  purification."  Nowadays,  all  prominent  men  in 
sanitation  work  speak  of  it  as  sewage  treatment.  They  have  helped 
the  cause  of  sewage  disposal  in  not  leading  the  layman  to  expect 
from  sewage  plants  that  which  he  cannot  get. 

The  efficiency  of  the  work  done  at  Aberdeen  is  worthy  of 
especial  note.     T  am  not  prepared  to  say  w"hether  contractors  would 
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have  built  the  plant  cheaper  than  Mr.  Potter  did,  but  it  looks  as 
though  the  work  was  done  very  reasonably.  The  use  of  the  siding 
for  unloading  cars  was  ingenious  and  I  have  not  seen  this  done 
elsewhere.    The  concrete  tower  is,  of  course,  standard  practice. 

In  Mr.  Potter's  design,  the  sludge  pipes  do  not  extend  from 
the  valve  to  the  surface,  as  is  the  general  practice.  As  I  under- 
stand it,  the  reason  sludge  pipes  are  generally  run  close  to  the  t0[) 
with  an  opening  is  so  that  a  stick  may  be  poked  down,  expecting 
that  the  pipe  may  clog.  T  have  never  heard  of  the  use  of  a  stick 
being  necessary,  and  I  do  not  know  that  the  pipes  do  clog,  but  this 
is  the  first  plant  I  have  noticed  in  which  that  feature  has  been 
omitted. 

Mr.  Gerbcr:  The  point  ^Nlr.  Sherman  brought  up  in  regard  to 
the  design  of  sludge  pipes  is  a  good  one.  The  feature  doesn't  cost 
much,  and  in  this  respect  it  is  like  a  good  many  other  precautions. 
A  man,  for  instance,  will  carry  accident  insurance,  and  yet  may 
never  have  an  accident.  The  device  may  never  be  used,  but  it 
we  want  it,  we  want  it  badly. 

The  ^liithor:  Mr.  Sherman  called  attention  to  the  sprinkling 
filter  being  used  so  far  north.  There  are  a  number  of  sprinkling 
filter  plants  used  in  Saskatchewan  and  Alberta,  but  they  are  in- 
closed in  buildings.  In  the  case  of  the  plant  at  Aberdeen,  w-e  have 
merely  a  temporary  winter  cover,  which  is  taken  off  in  the  warmer 
season.  They  have  several  sprinkling  filter  plants  of  the  English 
type,  and  disposal  plants,  in  Canada,  some  of  which  have  been 
running  for  the  past  two  years,  which  I  think  have  done  very  well. 
I  am  expecting  to  get  considerable  information  from  Aberdeen 
ihis  coming  winter  in  regard  to  that  plant,  and  also  in  regard  to 
plants  in  the  extreme  North. 

Lanqdon  Pcarse,  m.  w.  s.  i..:  The  author  >ihows  that  the  expen- 
<liture  was  about  $130,f}00  for  12,000  people.  Were  12.000  peopK- 
actually  connected  to  sewers?  Also,  it  would  be  interesting  if  the 
author  would  give  us  the  itemized  cost,  distinguishing  the  cost  of 
settling  basins,  sprinkling  filters,  secondary  tanks,  and  sludge  tanks, 
showing  the  distribution  of  costs  as  compared  with  other  plants. 
What  I  would  like  to  know  particularly,  is  whether,  for  instance,  tin 
-ettling  plant  cost  $33,000.  the  sedimentation  tank  $10,000,  and  thi- 
sludge  tank  $2,000.  .Something  in  that  general  way  would  be  ver\ 
instructive.  T  ha\e  sought  clata  available  on  such  works  in  connec 
tion  with  our  investigations  for  the  Sanitary  District  and  have  found 
considerable  variation  of  cost  throughout  the  country.  l"or  instance, 
costs  based  on  census  figures  do  not  agree  with  the  figures  coverini; 
material  actually  handled,  per  capita;  the  figures  will  run  three  time- 
as  high  for  some  places  as  for  others. 

I  would  also  ask  the  author  whether  he  had  any  difficulty  iii 
forming  the  sloping  walls  and  baffles  of  the  settling  chamber  in  the 
>cdimentation  tank. 

Till'  Author:     The  sprinkling  filter  cost  S.V^.lTK"),  including  the 

Vol.  XTX.  No.  s 


Discussion — Sczi'ayc  Disposal  Plant  at  /ibcrdccn,  S.  D.  80:j 

lock  in  place.  The  rock  amounted  to  5,500  cu.  yd.  The  rock-cost 
was  $2.96  per  cu.  yd.  f.  o.  b.  cars.  The  cost  of  unloading  including 
placing  was  al)out  32c.  The  sedimentation  tank  cost  $13,000.  These 
figures  are  approximate  only.  The  siphon  tank  cost  $1,500.  The 
sludge  tank  cost  about  $2,000.  The  final  tank  cost  about  $4,000.  In: 
connection  with  the  building  of  the  final  tank  we  had  considerable 
water  to  contend  with.  The  pumping  station,  including  new  ma- 
chinery and  changing  the  position  of  the  old  machinery,  cost  $25,000. 
The  land-cost  amounted  to  $9,000  for  80  acres,  of  which  about  three 
acres  are  in  use. 

There  was  considerable  general  w^ork.  For  instance,  we  had  a 
good  deal  of  dirt  to  excavate.  Then  there  were  the  two  dams,  the 
by-passes,  the  attendant's  house,  and  such  things,  that  could  not  be 
included  in  the  cost  of  any  one  of  these  dififerent  parts,  but  still 
were  included  in  the  total  cost.  The  inclined  walls  were  about  8  in. 
thick,  built  of  plain  concrete.  They  were  built  by  making  a  form 
for  the  pocket;  on  account  of  its  weight,  we  cut  the  form  in  two, 
horizontally,  and  handled  each  half  by  means  of  a  derrick;  we  put 
the  entire  form  in  place  for  each  pocket,  concreted  the  pocket,  pulled 
the  form  out,  and  used  it  for  the  next.  We  had  no  trouble  whatever 
in  building  the  walls. 

Mr.  Sherman:  I  recently  constructed  some  of  these  baffle  walls 
where  the  situation  was  very  much  cramped,  and  the  forms  could 
not  be  taken  out  after  they  were  once  in  place.  We  built  them  in 
sectional  slabs,  on  the  ground,  with  expanded  metal.  We  poured 
mortar  on  the  slabs  and  let  them  lie  on  the  ground,  with  a  part  of. 
the  expanded  metal  protruding  at  the  ends.  When  the  slabs  were 
assembled,  mortar  was  poured  over  the  metal  which  protruded,  and 
the  whole  became  bonded  together.  The  method  proved  a  success- 
ful one,  and  much  more  economical  than  building  the  walls  in  place 
and  setting  forms  on  both  sides. 

The  Author:  Form  work  is  expensive,  on  sedimentation  tanks 
especially,  not  only  as  regards  cost  of  material,  but  for  labor. 

Mr.  Gerher:  There  are  two  points  brought  out  in  this  discus- 
sion on  which  I  might  give  our  experience.  The  first  one  is  that  of 
extending  the  sludge  pipe  above  the  water  line. 

About  the  year  1901  we  built  a  plain  septic  tank  of  the  old  flat 
bottom  type.  The  man  in  charge  was  very  conscientious  and  I  was 
able  to  get  from  him  a  great  many  points  in  regard  to  his  experience 
in  the  handling  of  the  sludge.  According  to  this  gentleman,  sludge 
which  was  allowed  to  stand  for  a  period  of  six  months  or  more  was 
extremely  difficult  to  pump  on  account  of  the  compactness  of  the 
deposit.  It  was  also  his  experience  that  it  was  necessary  to  period- 
ically remove  the  scum  or  mat  which  formed  on  the  surface  of  the 
so-called  digestion  chambers,  for  the  reason  that  if  this  mat  was 
allowed  to  stand  and  become  ripe  and  settle  to  the  bottom  of  the 
tank,  it  formed  a  sort  of  gummy  mass  that  became  almost  impossible 
to  handle  even  with  an  8  in.  centrifugal  pump.     He  stated  to  me 
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that  he  was  al^le  to  tell  purely  from  obserxatioii  when  the  mat  was 
about  ripe  and  it  was  his  practice  to  skim  it  off  at  these  times.  When 
the  scum  was  thus  ]:)reventcd  from  settling  to  the  bottom  of  the  tank, 
it  was  found  that  the  sludge  proper  could  be  very  readily  handled 
by  the  pump  and  that  it  did  not  set  up  so  densely  as  when  the  scum 
was  not  removed. 

In  another  plant  which  has  only  been  in  serxice  two  years  it 
\vas  possible  to  i)rovide  sludge  pipes  with  the  discharge  5  ft.  below 
the  water  line  in  the  tank ;  the  vertical  portion  of  the  sludge  pipe 
was  not  carried  above  the  water  line.  After  the  tank  had  been  in 
service  aboitt  a  year  an  attempt  was  made  to  clean  out  the  sludge 
jjockets,  and  we  found  that  the  sludge  had  settled  in  so  tightly  that 
it  did  not  move  under  the  action  of  the  5  ft.  head.  It  was  necessar\ 
to  install  a  i)ump  and  draw  down  the  liquid  in  the  tank  to  below  the 
level  of  the  di.scharge  line  of  the  sludge  pipe.  The  elbow  was  tapped 
out  to  pro\ide  for  the  insertion  of  a  1  in.  i)ipe  nozzle.  r>y  putting 
water  presstire  on  this  nozzle  we  were  able  to  jet  the  compacted 
sludge  away  from  the  bell  mouth  of  the  sludge  pij^e  and  get  the 
action  we  desired.  Since  this  experience,  our  i)ractice  has  been  to 
carry  the  sludge  pipes  above  the  flow  lini'. 

The  question  of  removing  the  forms  for  the  casting  of  inclined 
walls  in  the  tank  pro\ed  a  rather  serious  problem  in  one  of  our 
recent  designs,  and  to  ob\  iate  this  difficulty  we  provided  reinforced 
rectangular  beams  on  which  were  placed  reinforced  concrete  slabs 
2  in.  thick.  These  slabs  could  be  placed  from  above  and  when  so 
])laced  were  grouted  in  with  cement  mortar.  About  the  only  differ- 
ence between  our  construction  and  that  referred  to  by  Mr.  Sherman 
is  that  each  was  separate  and  the  reinfoning  was  not  allowed  to  ex- 
tend beyond  each  individual  slab. 

W .  W.  DcBcrard,  m.  w.  .s.  i:..  It  may  be  of  interest  tu  know 
that  in  California  thex-  lia\e  recently  changed  two  septic  tanks  at 
Orange  into  shallow  Imhoff'  tanks.  This  was  done  with  the  idea  that 
it  would  be  an  e.xi)eriment,  so  redwood  was  used  for  the  batfles  and 
llowing-through  troughs.  If  successful,  they  were  to  be  recon- 
structed in  a  more  .substantial  manner.  The  tanks  were  70  ft.  long. 
10  ft.  wide,  and  7  ft.  sewage  depth,  and  were  entirely  covered  over 
with  a  concrete  voui.  There  was  no  means  of  getting  into  these 
tanks,  and  ti\e  holes  had  to  be  cut  through  the  top  of  each  tank.  So 
as  to  make  the  hanging  baffle  walls  remoxe  the  sludge  and  to  keep 
I  he  sludge  from  running  lengthwi-^e.  light  cross  j)artitions  were 
constructed  every  14  ft.  On  tlie  bottom  of  the  floor  was  laid  a  sort 
of  underdrain  system  of  vitrifled  pipe  w  ith  thirty  holes.  It  drained 
into  a  single  pipe  line  .ind  each  compartment  was  controlled  by  ;i 
\al\e. 

Prof.  Charles  (iilnian  I  lytle.  consulting  engineer  on  this  work, 
wrote  mc  in  August  slating  that  he  found  the  ])Iant  at  that  lime 
working  fairly  well  after  eight  or  nine  months'  service.  There  was 
-onie  odor  of  hydrogen  sulphide  which  he  .ittribuLeil  to  the  fact  thai 
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the  basins  had  not  been  cleaned  of  scum  as  often  as  desirable.  The 
city  water  contains  such  a  high  percentage  of  sulphates,  elimination 
of  the  gas  is  practically  impossible  if  any  septic  action  takes  place. 
The  sludge  is  raised  from  the  sludge  pit  by  means  of  a  centrifugal 
pump.  Notwithstanding  the  action  of  the  pump  upon  the  sludge, 
which  would  tend  to  liberate  the  gas  therefrom,  it  seemed  to  dry 
readily  and  to  be  fairly  porous  and  typical  of  sludges  from  deeper 
Imhoff  tanks. 

The  Author:  It  is  a  question  whether  the  condition  of  the  tank 
at  Aberdeen  was  not  in  a  measure  due  to  the  class  of  material  used 
in  the  concrete.  The  local  sand  used  in  this  work  has  a  great  deal 
of  shale  in  it.    I  think  that,  possibly,  was  the  cause  of  disintegration. 

Mr.  DeBerard:  The  reason  for  changing  the  type  of  tank  in  the 
California  plant  was  not  because  it  was  not  used  for  city  sewage, 
but  because  it  ivas  used  for  city  sewage,  and  made  more  or  less  of 
an  odor.  The  water  supply  of  the  town  was  full  of  sulphates,  equiva- 
lent to  from  150  to  500  pounds  per  million  gallons. 

A.  T.  Maltby,  m.  w.  s.  e.  :  While  listening  to  the  reading  of 
this  paper  there  were  two  things  that  impressed  me.  One  was  that 
the  power  provided  at  the  pumping  station  consists  of  one  55  h.  p. 
and  one  110  h.  p.  engine,  or  a  total  of  165  h.  p.  The  plant,  as  I 
understand  it,  was  designed  to  handle  1}^  million  gallons  per  day 
and  the  difference  in  elevation  is  26  ft.  As  the  theoretical  require- 
ments are  only  about  6}A  h.  p.  for  26  ft.  elevation  it  would  seem 
that  you  are  providing  for  a  considerable  excess  of  power. 

My  next  point  is  in  regard  to  the  depth  of  the  tank ;  I  infer 
from  the  reading  that  it  is  17  ft.  The  general  practice  in  this 
type  of  tank  seems  to  be  about  30  ft.  It  is  claimed  that  with  this 
greater  depth  a  better  grade  of  sludge  is  produced.  In  other  words, 
a  sludge  that  is  better  digested  and  that  will  dry  out  to  better  ad- 
vantage. There  has  been  considerable  discussion  on  this  subject  and 
it  would  be  of  interest  if  the  author  would  keep  in  touch  with  the 
operation  and  results  obtained  from  this  tank.  If  the  shallow  type 
of  tank  will  produce  an  acceptable  character  of  sludge,  it  will  be  a 
good  thing  to  know,  as  it  would  cheapen  the  cost  materially. 

The  Author:  In  regard  to  the  power.  We  have  a  26  ft.  lift 
besides  the  friction  from  the  two  mile  force  main.  And  then,  too, 
the  larger  size  engine  was  put  in  with  a  view  to  some  day  using  that 
power  also  for  another  purpose  for  the  city — running  some  of  the 
boulevard  lights. 

I  think  the  depth  of  tanks  in  Germany  is  30  to  40  ft.,  but  there 
are  a  number  of  plants  in  this  country  in  which  the  tanks  are  not  so 
deep.  It  will  be  interesting  to  watch  the  Aberdeen  plant  for  the 
coming  year  or  two  years,  to  see  what  is  the  effect. 
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PROCEEDINGS  OF  THE  SOCIETY 

Minutes  of  the  Meetings 
Regular  Meeting,  September  14,  191 4 

A  regular  meeting  (No.  872)  was  held  Monday  evening,  September 
14,  1914,  which  was  also  a  meeting  of  the  Bridge  and  Structural  Section. 
The  meeting  was  called  to  order  at  7  :45  p.  m.  by  President  Lee,  with  about 
130  members  and  guests  present. 

The  Secretary  reported  from  the  Board  of  Directon  that  at  their  meet- 
ing held  July  2  the  following  had  been  elected  into  the  Society : 

Horace  C.  Alexander,  Chicago Member 

Robert  H.  Schwandt,  Chicago Affiliated  Member 

Burke   Smith,   Chicago Member 

Murray  Blanchard,  Chicago Member 

And  that  the  following  had  applied  for  admission : 

No.  44,  Ernest  R.  Houskeeper,  Chicago. 

No.  45,  Earl  K.  Burton,  San  Juan,   Porto  Rico,  transfer. 

No.  46,  Manuel  M.  Llera,  New  York  City. 

No.  47,  Harold  F.  Beyer,  Crystal  Falls,  Mich. 

Also  that  at  the  Board  meeting  of  August  3d  the  following  were  elected 
into  the  Society: 

Ernest  R.  Houskeeper,  Chicago Associate  Member 

Earl  K.  Burton,  San  Juan,  Porto  Rico,  transferred  to Associate  Member 

Manuel  M.  Llera,  New  York,  N.  Y Member 

Harold  F.  Beyer,  Crystal  Falls,  Mich Junior  Member 

And  that  applications  for  admission  had  been  received  from : 

No.  48,  Frank  Xavier  Loeffler,  Chicago,  transfer. 
No.  49,  Earl  W.  Evans,  New  Orleans,  La.,  transfer. 

Also  that  at  the  Board  meeting  held  September  2  the  following  had 
applied  for  membership  in  the  Society. 

No.  50,  Aaron  J.  Winetz,  Chicago. 

No.  51,  Harry  M.  Engh,  Milwaukee,  Wis. 

And  that  two  members,  as  follows,  had  been  transferred : 

No.  48,  Frank  Xavier  Loeifler,  Chicago,  from  Student  Member  to  Junior 
Member. 

No.  49,  Earl  Webster  Evans,  New  Orleans,  from  Junior  Member  to 
Member. 

Also  that  one  excursion  was  had,  July  25,  to  Clearmg,  wliich  was 
reported  in  detail  in  the  September  Journal. 

After  the  Secretary  had  made  his  report  President  Lee  introduced  Prof. 
Morton  O.  VV^ithey,  of  Madison,  Wis.,  who  presented,  in  abstract,  his  paper 
on  "Permeability  Tests  on  Gravel  Concrete."  Discussion  followed  from 
President  Lee,  W.  H.  Finley,  J.  H.  Lihberton,  T.  L.  Condron,  E.  B.  Wilson 
and  F.  E.  Davidson,  with  replies  and  explanations  from  Professor  Withey. 

President  Lee  then  introduced  Mr.  N.  M.  Stineman,  Assoc,  w.  s.  E., 
who  presented  his  paper  on  "Reactions  in  a  Three-Lcgged  Stiff  Frame  With 
Hinged  Column  Bases."  This  paper  had  been  printed  and  sent  out  in 
advance  and  was  presented  in  abstract  only.  The  Secretary  read  a  letter 
from  Prof.  J.  J.  Richey  of  the  Texas  Agricultural  and  Mechanical  College, 
offering  some  remarks  on  Mr.  Stineman's  paper. 

Meeting  adjourned  at  9:50  p.  m.,  when  refreshments  were  served. 
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Regular  Meeting,  October  5,  1914 

A  regular  meeting  (No.  873)  was  held  Monday  evening,  October  5,  1914. 

The  meeting  was  called  to  order  at  8 :05  p.  m.  by  the  Second  Vice- 
President,  Ernest  McCuUough,  and  with  an  attendance  of  about  ninety 
members  and  guests. 

The  reading  of  the  m.inutes  of  the  preceding  regular  meeting,  September 
14,  was  dispensed  with  by  consent. 

The  Secretary  reported  from  the  Board  of  Direction  that  applications 
for  admission  into  the  Society  had  been  received  from : 

No.  52,  Thomas  Grover  Dunn,  Gorham,  111. 

No.  53,  Arthur  A.  Heeren,  Chicago. 

No.  54,  Albert  Austin  Chenoweth,  West  Lafayette,  Ind. 

Also  that  the  following  had  been  elected  into  the  Society: 

No.  50,  Aaron  J.  Winetz,  Chicago,  Member. 

No.  51,  Harry  M.  Engh,  Milwaukee,  Wis.,  Associate  Member. 

The  Secretary  also  stated  that  the  Society  is  invited  to  attend  the  meet- 
ings of  the  state  convention  of  Licensed  Architects  at  Hotel  La  Salle, 
October  7  and  8,  1914. 

The  chairman  then  introduced  Mr.  H.  E.  Goldberg,  m.  w.  s.  e.,  who  read 
his  paper  on  ''Arithmetical  Machines,"  with  lantern  slide  illustrations.  There 
was  on  exhibition  fourteen  arithmetical  machines  of  different  makes,  which 
were  demonstrated  and  explained  to  those  interested.  Remarks  were  offered 
by  the  chairman,  J.  F.  Hayford,  J.  W.  McCaslin  and  H.  F.  De  Revere, 
with  replies  and  explanations  from  Mr.  Goldberg. 

Meeting  adjourned  at  9:50,  when  refreshments  were  served. 

Extra  Meeting,  October  12,  1914 

An  extra  meeting  of  the  society  (No.  874)  was  held  Monday  evening, 
October  12,  1914.  This  was  a  "Ladies'  Night"  and  the  meeting  was  called 
to  order  by  President  Lee  about  8  p.  m.,  with  about  150  members  and 
guests,  including  many  ladies,  in  attendance. 

The  President  offered  a  few  remarks  of  welcome  and  introduced  Mr. 
W.  R.  Patterson,  m.  w.  s.  e.,  who  gave  an  interesting  account  of  a  recent 
trip  through  the  Yosemite  and  Yellowstone  National  parks,  illustrated  with 
many  beautiful  lantern  slide  views.  These  pictures  also  included  some 
views  of  the  Panama-Pacific  Xntei^national  Exposition  under  construction 
and  along  the  Chicago,  Milwaukee  &  St.  Paul  Railway  on  the  way  to  Gardner, 
the  entrance  of  Yellowstone  Park. 

Some  piano  and  vocal  music  was  given  preceding  and  following  the 
address.  The  meeting  adjourned  about  9:30,  when  refreshments  (ice  cream 
and  cake)   were  served. 

Extra  Meeting,  October  19,   1914 

An  extra  meeting  (No.  875)  in  the  interests  of  the  Hydraulic,  Sani- 
tary and  Municipal  Section  was  held  Monday  evening,  October  19,  1914. 

The  meeting  was  called  to  order  at  7 :50  p.  m.,  Mr.  W.  D.  Gerber, 
chairman  of  the  Section,  presiding,  with  about  fifty-five  members  and  guests 
in  attendance.  There  was  no  business  before  the  meeting,  so  the  chairman 
introduced  Mr.  Robert  M.  Feustel,  of  the  Public  Utilities  Commission  of 
Illinois,  who  read  his  paper  on  the  work  of  the  Illinois  Utilities  Com- 
mission. Discussion  followed  from  Messrs.  W.  D.  Pence,  Douglas  Graham, 
W.  H.  Finley  and  P.  Junkersfeld,  with  replies  and  explanations  from  Mr. 
Feustel. 

Meeting  adjourned  at  8:50  p.  m. 

J.  H.  Warder, 

Secretary. 
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BOOK  REVIEWS 

The  Books  Reviewed  Are  in  the  Library  of  This  Society 

Technical  Mechanics.  Third  Edition.  Rewritten  by  Edward  R.  Maurer, 
Professor  of  Mechanics  in  the  University  of  Wisconsin.  Cloth,  6  by  9 
in.,  .356  pages,  547  figures.  New  York,  John  Wiley  &  Sons.  $2.50  net. 
This  is  a  complete  revision  of  a  well-known  and  widely  used  textbook. 
It  is  divided  into  two  parts :  Statics  and  Dynamics.  Under  Statics  the 
chapters  on  Composition  and  Resolution  of  Forces,  Forces  in  Equilibrium 
and  Simple  Structures  are  not  as  clear  as  in  the  previous  edition;  some 
additions  have  been  made  to  the  chapter  on  Friction ;  the  chapter  on  Center 
of  Gravity  is  very  good,  and  the  chapter  on  Suspended  Cables  has  been 
extended  and  improved.  Under  Dynamics,  kinetics  is  introduced  in  the 
chapters  on  Rectilinear  Motion  and  Curvilinear  Motion.  The  author  has 
abandoned  the  "gee-pound"  as  a  unit  of  mass  and  in  its  place  has  adopted 
the  "slug."  The  chapters  on  Translation  and  Rotation ;  Work,  Energy  and 
Power;  Momentum  and  Impulse;  and  Two  Dimensional  Motion  are  im- 
proved in  the  revision.  Much  new  matter  has  been  added,  including  a  treat- 
ment of  the  gyroscope,  and  a  chapter  on  Three  Dimensional  Motion. 

At  the  end  of  the  book  is  placed  a  good  collection  of  problems,  although 
some  of  them  are  too  involved  to  be  satisfactory  for  student  use.  Many 
of  the  problems  are  taken  from  practice  and  should  stimulate  interest. 

In  the  opinion  of  the  reviewer  the  book  could  be  greatly  improved 
by  the  use  of  bold  face  type  for  the  important  formulas  (as  was  done  in 
the  old  edition)  and  by  distinguishing  the  many  illustrative  problems  from 
the  rest  of  the  text  by  means  of  different  type.  It  is  also  very  doubtful 
if  problems  placed  at  the  end  of  a  book  are  as  effective  as  they  would 
be  if  placed  at  the  end  of  the  chapters  to  which  they  relate. 

The  older  edition  was  sometimes  criticised  as  overemphasizing  statics. 
The  revision  and  additions  to  the  part  treating  dynamics  have  entirely  over- 
come this  criticism.  Considered  as  a  whole,  the  revised  edition  is  one  of  the 
best  textbooks  on  engineering  mechanics.  M.  L.  E. 

Weather  and  Climate  of  Chicago.  By  Henry  J.  Cox,  Professor  of 
Meteorology,  U.  S.  Weather  Bureau,  and  John  H.  Armington,  Local 
Forecaster,  U.  S.  Weather  Bureau.  Bulletin  No.  4  of  the  Geographic 
Society  of  Chicago,  by  the  University  of  Chicago  Press,  Chicago,  July, 
1914.  375  pages,  6J^  by  9J/2  in.  Cloth  bound.  Many  illustrations, 
diagrams  and  tables.    Price  $3.00,  postage  extra. 

This  notable  book  should  be  of  peculiar  interest  to  engineers  generally, 
but  particularly  those  engaged  in  this  territory  who  are  concerned  in  struc- 
tural work  or  in  hydraulic,  sanitary  or  electrical  engineering.  A  study  of 
the  tables  and  records  which  show  what  the  climate,  using  the  word  in  a 
l)road  sense,  has  been  in  the  past,  would  assist  an  cnjgineer  to  make  a 
forecast  as  to  approaching  climatic  conditions  and  whicli  would  have  an 
effect  on  out-of-doors  operations.  These  tables  and  illustrations  necessi- 
tated a  considerable  amount  of  work  on  the  part  of  the  authors,  extending 
over  a  period  of  nearly  five  years.  Chicago  is  situated  in  the  middle  lati- 
tudes, 41°  35'  north,  nearly  half  way  between  the  equator  and  the  north 
pole,  and  here  the  influence  of  storm  movements  is  much  more  marked  than 
at  other  latitudes.  The  result  is  an  endless  and  constant  change  in  winds, 
clouds,  rain  or  snow,  heat  or  cold,  thus  causing  great  variety  in  our  weather 
conditions.  These  are  further  modified  l)y  tiie  proximity  of  Lake  Michi- 
gan, which  has  a  tempi.Ting  effect  on  either  extremes  of  heat  or  cold. 
''In  this  volume  the  features  of  climate  and  weather  are  treated  to;?etiier. 
the  term  weather  includiiij;  passing  conditions  from  hour  to  hour  and  from 
day  to  day,  and  the  term  climate  signifying  the  sum  total,  as  it  were,  of 
weather  for  many  years." 

The  book  opens  with  an  introduction  covering  the  preparation  of  this 
bulletin,  determination  of  climate,  the  location  and  environment  of  our  city 
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and  the  treatment  of  the  subject.  Part  I  covers  Temperature  in  detail, 
seasonal,  abnormal,  etc.,  with  details  of  maximum  and  minimum,  lists  of 
warm  and  cold  days,  occurrence  of  frost  and  illustrations  of  secondary 
controls  of  temperature,  with  many  other  interesting  facts. 

Part  II  considers  Precipitation,  whether  rain  or  snow,  periods  of 
observation,  annual,  seasonal  and  monthly  precipitation,  and  with  compari- 
sons at  other  localities,  frequencies  of  rain  and  excessive  precipitation,  thun- 
derstorms, hail  and  snow,  with  details,  etc. 

Part  III  takes  up  atmospheric  moisture,  relative  humidity,  annual  and 
monthly,  also  hourly;  comparison  of  relative  humidity  at  Chicago  and 
other  points  of  this  country  and  also  the  dew  point,  annual  and  monthly. 

Part  IV  takes  up  the  subjects  of  Cloudiness  and  Sunshine,  which  are 
important  factors  in  the  consideration  of  climate  as  affecting  our  comfort. 
This  contains  statements  of  average  cloudiness,  number  of  clear  or  cloudy 
days,  times  of  sunrise  and  sunset  and  length  of  twilight,  monthly  and 
annual,  number  of  days  with  one  hour  or  more  of  sunshine,  dark  days, 
and  effect  of  these  changes  on  temperature  and  relative  humidity. 

Part  V  pertains  to  Wind  Direction  and  Velocity,  with  tables  of  prevail- 
ing wind  direction,  monthly  and  annual;  total  wind  movement,  monthly 
and  annual;  greatest  daily  wind  movement;  heavy  storm  winds,  comparison 
of  wind  velocity,  here  and  at  other  cities;  summary  of  wind  data,  and 
about  two  and  one-half  pages  are  given  to  tornadoes,  frequently  misnamed 
cvclones,  which  are  but  infrequent  visitors  to  Chicago. 

Part  VI  takes  the  subject  of  Barometric  Pressure,  its  importance  and 
measurement,  mean  station  pressure,  monthly  and  annual,  mean  departure 
from  normal,  highest  and  lowest  pressures,  etc. 

Part  VII  relates  to  Storm  Tracks,  average  and  selected,  with  cold  waves 
and  hot  waves.  The  illustrations  of  these  in  their  movement  across  our 
country  forms  an  interestiag  study. 

The  Conclusion,  in  Part  VIII,  contains  an  interesting  summary  of  the 
preceding  and  is  followed  by  sundry  appendices  as  weather  of  holidays,  jour- 
nal entries  of  the  weather  at  the  Chicago  Fire  in  1871,  etc.,  etc.  The  book 
is  of  great  interest,  has  been  carefully  prepared,  and  is  worthy  of  study  and 
subsequent  reference.  The  University  of  Chicago  Press  is  to  be  commended 
for  publishing  such  a  valuable  work. 

Treatise  on  General  and  Industrial  Organic  Chemistry,  by  Dr. 
Ettore  Molinari,  Professor  of  Industrial  Chemistry,  Luigi  Bocconi  Commer- 
cial University,  Milan.  Translated  from  the  second  enlarged  and  "revised 
Italian  edition  by  Thomas  H.  Pope,  University  of  Birmingham.  P.  Blakis- 
ton's  Son  &  Co.,  Philadelphia.  1913.  Cloth  ;  6  by  9^  in.;  506  illustrations; 
pp.  770,  including  index. 

This  is  a  work  of  undoubted  value  to  the  manufacturer  and  technical 
chemist  as  well  as  the  student.  As  the  name  indicates,  the  book  comprises 
an  outHne  of  general  organic  chemistry  along  with  the  technology  of  the 
principal  industries  based  on  that  science. 

The  opening  pages  are  devoted  to  a  general  discussion  of  the  processes 
involved  in  organic  chemistry;  they  contain  some  useful  information  on 
manipulation,  and  are  followed  by  a  short,  clear  explanation  of  the  general 
properties  of  organic  compounds,  such  as  isomerism,  metamerism,  tautom- 
erism,  etc. 

After  the  general  part  comes  a  detailed  account  of  the  most  important 
compounds  with  their  industrial  applications. 

Especially  to  be  commended  are  the  articles  on  gas,  soap,  sugar,  and 
the  carbohydrates,  alcohol,  explosives  and  textiles.  These  articles  not  only 
describe  the  process  in  use,  but  also  take  up  the  machinery  in  some  detail. 

A  feature  of  particular  interest  and  value  is  presented  by  the  statistics 
of  the  exports  and  imports  of  the  most  important  organic  preparations  by 
the  principal  countries  of  the  world.  These  statistics  are  fairly  complete 
and  are  brought  up  to  date  for  the  years  1910  and  1911  in  most  cases. 

O.  J.  B. 
October,  1914 
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Hand  Book  of  Construction  Plant.    Its  Cost  and  Efficiency.   By  Richard 

T.  Dana.    The  Myron  C.  Clark  Publishing  Co.,  Chicago.    1914.    Flexible 

leather ;   4^  by  7  in. ;   pp.  702 ;  over  300  illustrations  and  many  tables. 

Price  $5.00. 
.     A  very  valuable  addition  to  the  library  of  the  engineer-contractor  or 
any  contractor  for  that  matter. 

To  the  general  contractor  obliged  to  make  a  bid  on  short  notice  on  a 
job  covering  many  different  kinds  of  work,  it  is  especially  valuable.  Here 
he  will  find  fully  described  and  illustrated  the  latest  and  best  types  of 
machinery  adapted  to  the  job  in  question,  together  with  data  on  cost  and 
capacity. 

Methods  of  doing  work  are  changing  from  day  to  day  and  the  man 
who  clings  to  the  old  ideas  is  surely  doomed  to  failure. 

The  author  says  in  his  introductory  chapter :  "The  contractor  of  long 
experience  who  applies  to  his  work,  even  in  its  simplest  operations  such  as 
moving  earth  by  scrapers,  the  methods  that  he  knows  absolutely  were  the 
best  ten  years  ago,  is  competing,  whether  he  knows  it  or  not,  with  men  who 
have  developed  up-to-date  methods  that  are  very  likely  to  be  twenty,  thirty 
or  even  forty  per  cent  more  efficacious  or  economical  than  the  best  old  ones." 

Arranged  in  alphabetical  order  the  book  covers  a  multiplicity  of  different 
kinds  of  work  and  outfit  from  air  compressors  to  wheelbarrows.  It  is  not 
in  any  sense  an  advertising  medium  for  any  machine  or  method,  but  rather 
a  discussion  of  the  best  methods  to  be  followed  and  the  best  types  of 
machinery  to  be  used.  Cost  data  from  various  sources,  unit  costs  of  materials 
and  labor  in  different  parts  of  the  country,  tables  of  various  sorts,  are  given 
in  connection  with  every  subject  treated. 

The  author's  aim  has  evidently  been  to  produce  a  work  of  practical  use. 
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library.  Since  the  last  publication  of  the  list  of  such  gifts  the  following 
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new  books. 
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Strength  of  Materials,  H.  E.  Murdock,  2nd  Edition.    Cloth. 

miscellaneous  gifts. 
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Eighth  Annual  Report,  1913.     Cloth. 
Lyman  E.  Cooley,  m.  w.  s.  e.  : 

The  Illinois  River,  Physical  Relation  and  Removal  of  the  Navigation 
Dams.     Cooley.     Pam. 
Board  of  Supervising  Engineers,  Chicago  Traction: 

Fifth  Annual  Report  for  period  ending  January  31,  1912.    Cloth. 
S.  E.  Hendricks  Co.,  Inc. ; 

Hendricks  Commercial  Register,  1914.     Cloth. 
R.  B.  Dole: 

Hypothetical  Combinations  in  Water  Analysis.     Dole.     Pam. 
Pliiladclphia  Department  of  Public  Works : 

.Annual  Report  of  Director  for  1913.     Pam. 
Iline  Brothers : 

.American  Electro-Magnetic  Telegraph.     Pam. 
New  York  City  Department  of  Bridges: 

Annual  Report,  1913.    Cloth. 
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PERMEABILITY  TESTS   ON   GRAVEL   CONCRETE 

Morton  O.  Withey* 

Presented  September  14,  1914. 

This  paper  is  a  partial  report  on  tests  which  are  being  con- 
ducted at  the  University  of  Wisconsin  to  determine  the  permeability 
of  concrete  to  water.  These  experiments  were  started  in  the  spring 
of  1912  at  the  suggestion  of  the  Inspection  Bureau  of  the  Uni- 
versal Portland  Cement  Company.  The  particulars  in  the  method 
of  conducting  the  tests  which  make  them  somewhat  unique  are  the 
use  of  machine-mixed  concrete,  the  employment  of  large  specimens 
having  a  prescribed  volume  of  concrete  subjected  to  water  pressure, 
and  the  measurement  of  the  water  entering  the  specimens  during  a 
large  number  of  hours.  The  proposed  program  of  experiments  in- 
cludes tests  with  different  brands  of  cement  on  broken  stone  and 
sand,  broken  stone  and  screenings,  and  gravel  and  sand  aggregates. 
Only  the  tests  on  the  latter  combination  with  one  brand  of  cement 
are  herein  considered,  although  work  is  now  being  done  on  mixes 
containing  sand  and  broken  stone.  The  reported  tests  include  the 
effects  on  permeability  of  the  following  variables :  age,  thickness 
and  consistency  of  concrete ;  time  of  m.ixing ;  gradation  of  the  ag- 
gregate ;  wet  and  dry  sand ;  fineness  of  cement ;  and  curing  con- 
ditions. 

Materials.  Universal  Portland  cement  was  used  in  all  the 
tests  herein  described.  In  order  to  insure  against  variations  in  the 
property  of  the  cement,  two  fifty-barrel  lots  were  selected  from  a 
local  supply,  mixed  separately  and  stored  in  bulk  in  galvanized  iron 
grain  bins.  To  make  these  bins  as  tight  as  possible,  all  seams  were 
calked  with  tar  and  the  edge  of  the  door  was  lined  with  heavy 
felt.  Table  1  contains  the  results  of  the  physical  tests  made  on 
the  two  binfuls,  designated  P^  and  P^.  Lot  P^  was  used  in  speci- 
mens numbered  below  296;  lot  Po  ii^  the  remainder.  The  loose 
weight  per  cubic  foot  of  cement  was  considered  to  be  100  pounds. 

Pit  sands  Sd^P,  furnished  by  Clark  and  Fisher,  and  Sd^nP, 
Sd^^P  and  Sd-^^^P,   furnished  by  the  Janesville    Sand  and   Gravel 
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Company,  were  obtained  from  Janesville,  Wisconsin;  Sd.^P  was 
gotten  from  the  Waukesha  Lime  and  Stone  Company,  Waukesha, 
Wisconsin.  The  weights  per  cubic  foot  (measured  loose),  the 
specific  gravities  and  the  chemical  analyses  for  these  sands  arc 
given  in  Table  2.  Figure  1  shows  the  mechanical  analysis  curves 
for  these  sands.  An  idea  of  the  character  of  the  grains  and  further 
information  on  the  gradation  of  sizes  may  be  gotten  from  Fig.  3. 
The  latter  illustration  also  shows  the  three  sizes  into  which  the. 
sands  were  divided  for  the  graded  sand  mixes. 

Gravel  Gl^P  came  from  the  pit  of  the  Janesville  Sand  and 
Gravel  Company  and  GLP  was  supplied  by  the  Waukesha  Lime 

table    no  i 

Physical    Properties    of 
Universal    Portland    Cement 


Mix 

Tensile    Strenqth 

Residue 

Time   of   Set 

'specific 
Gravity 

Aqe 

in 
Pays 

Mix 

on 
Sieves-?^ 

Soundness 

Initial       Final 
hr -min.hr.  -mm. 

Neat 
ll?/in; 

13  Stand 
Sand 

Air 

NoIO0:Nq200 

1 

Water 

Steom 

P, 

7 

28 
60 
1  80 
360 

647 
779 
697 
728 
647 

201 
304 
340 
356 
266 

2.3 

203 

1       57 

7      22 

OK 

OK 

OK 

302 

P. 

7 

28 
60 
1  60 
360 

660 
735 
671 
772 

283 
338 
364 
359 

3.0 

21.6 

1      40 

5     40 

QK 

O.K 

3  03 

^P« 

7 

28 

60 

646 
572 
644 

260 
357 
346 

1      36 

4      00 

OK 

OK. 

'F?G 

7 
26 

332 
404 

55 

*  5ample&      were      not    dried 

t  Tested     otter     storinq     in     bulk     1  y'     and     II  mo     m    a    tiqht     galvanized    iron    Dm 

'  Cement     was     reqroona      in     a     hnM     miii 

and  Stone  Company.  Information  similar  to  that  given  for  the 
sands  is  supplied  for  the  gravels  by  Table  2  and  Figs.  1  and  4. 
Figs.  1  and  2  also  show  the  mechanical  analysis  curves  for  the 
graded  mixes. 

Forms  of  Specimens.  Several  forms  of  specimens  were  ex- 
]icrinientcd  upon  before  the  PU  type  shown  in  \'\gs.  5  and  6  was 
adopted.  In  molding  these  test-pieces,  both  mortar  shell  and  con- 
crete core  were  cast  at  the  same  time  in  a  manner  which  will  be 
later  described.  It  will  be  noted  that  the  area  of  the  core  in  these 
specimens   was  one  square   foot,   consequently   the   leakages   read 

Vol.  XIX.  No.  9 


IVithcy — Tests  on  Gravel  Concrete 


815 


were  in  terms  of  this  unit  of  area.  This  type  of  specimen  was 
found  very  satisfactory  for  most  of  the  tests  made.  To  determine 
the  water-tightness  of  the  1 :1  mortar  shells,  specimens  were  made 
with  a  building  paper  covering  over  the  interior  s\irface  of  the 
core.  The  latter  was  also  made  of  1 :1  mortar.  At  an  age  of  21 
days  0.0022  gallon  of  water  entered  one  of  these  specimens  in  304 
hours.  Under  the  same  conditions  only  0  0003  gallon  entered  the 
other;  a  third  specimen  four  months  old  showed  no  leakage  for 
the  same  period.  However,  when  subiected  to  very  rapid  drying 
in  curing,  it  was  found,  in  some  cases,  that  the  mortar  shells 
cracked  circumferentially  in  the  plane  of  the  lower  edge  of  the 
castings.  Moreover,  it  was  impossible,  with  this  form  of  test- 
piece,  to  determine  the  permeability  of  concrete  with  the  pressure 
applied  perpendicular  to  the  direction  of  pouring. 

TABLE     N0.2 

Properties    or   Aggregates 


4-' 

OJ     +-" 

r>- 

c 
o 

Chemic<:;ii 

Andlysis  -  Y" 

< 

^  > 

(0^ 

o 

< 

SiO, 

C^O 

M^O 

A  1,03 
Feto, 

Lo55  on 
ic^nltion 

Total 

5d,P 

112.2 

2.70 

49.76 

1370 

7.74 

5.73 

192  2 

9615 

SdzF 

112.0 

2.77 

0.29 

17.20 

2452 

18.58 

4.36 

35,42 

100.06 

SdigP 

104.5 

2.66 

0.19 

61. S9 

10.72 

6.58 

5.54 

14.21 

9894 

S4.P 

108.2 

2.66 

0.19 

61.69 

10.72 

6.56 

5.54 

14.21 

9894 

Scl,4P 

109.7 

2.66 

0.19 

61  89 

10.72 

6.56 

5.54 

1421 

98.94 

GI.P 

109.3 

2  74 

0.63 

21.72 

2354 

1454 

5.02 

3487 

9969 

GUP 

107.3 

2.80 

1.40 

10.20 

2736 

15,43 

3.30 

38.91 

9520 

I 


To  secure  some  information  regarding  the  effect  of  direction 
of  flow  with  respect  to  the  direction  of  pouring,  two  other  types  of 
specimens,  PUL  and  PUHC  in.  Fig.  5,  were  also  tested.  The  PUL 
type  of  specimen  has  the  same  area  of  concrete  exposed  to  water 
pressure  and  to  air,  but  apparently  the  shrinkage  strains  encoun- 
tered in  casting  render  it  very  difficult  to  secure  sound  specimens. 
The  PUHC  specimens  have  the  advantage  of  being  much  easier 
to  mold  than  the  PUL  specimens.  In  the  former,  however,  the 
area  exposed  to  water  pressure  is  considerably  less  than  that  ex- 
posed to  air. 

Methods  of  Making  Specimens.  In  general,  the  sand  was 
spread  out  in  a  thin  layer  on  the  floor  of  the  mixer  house  and 
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Sd„P. 


No.  20  to  %-Inch  Mesh. 


Sd.^P. 


No.  20  to  10  Mesh. 


Sd.P  No.  0  to  20  Mesh. 

Fig.  3.— Natural  and  .Artificially  Graded  Sands   (Full  Size). 
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allowed  to  dry  for  one  or  two  days  before  mixing.  Ordinarily 
the  particles  of  gravel  also  were  dry  on  the  surface  when  concrete 
was  made.  For  most  of  the  tests  the  moisture  content  in  the  aggre- 
gate was  determined  and  allowance  made  for  it  in  computing  the 
percentage  of  water. 

The  measurements  of  all  quantities  of  materials  were  made  by 
weighing.  Both  proportions  by  volume  and  by  weight  were  em- 
ployed. By  loose  volume,  proportions  1  rl^^  :3  and  1 :2:4  were  most 
commonly  employed ;  tests  on  one  batch  of  1 :3  :6  proportions  are 
also  reported.  In  proportioning  by  weight,  1 :5,  1 :7  and  1 :9  mixes 
of  cement  and  aggregate  were  tested.     Of  these  mixes,  the  last 


Fig.    4.— Janesvillc    Gravel— R,    as    Received   and   the   Three    Sizes   Used    in 
Graded  Mixes.     (Reduced  6:1.) 

was  experimented  with  most.  The  determinations  of  the  proper 
proportions  of  sand  and  gravel  for  proportions  by  weight  were 
made  by  two  methods,  either  by  volumetric  tests  from  which  the 
proportions  producing  the  maximum  strength  and  density  were 
ascertained,  or  by  combining  the  mechanical  analysis  curves  of  the 
cement,  sand  and  gravel  so  that  the  curve  of  the  combination  would 
approach  the  theoretical  curve  advocated  by  Fuller  and  Thompson.* 
For  grading  the  aggregate  a  Converse  rotary  screen  set  at  a  slope 
of  y2  in.  per  ft.  and  run  at  a  speed  of  11  r.  p.  m.  was  employed. 
It  separates  the  gravel  into  the  following  sizes:    0  to  %,  %  to  y2, 

*Concrete,  Plain  and  Reinforced,  p.  202. 
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y2  to  ^,  %  to  154  inches.  Sand  was  graded  by  hand-screening 
on  riddles. 

In  recording  proportions  the  letter  "g"  after  a  number 
signifies  that  the  aggregate  was  mechanically  graded.  For  ex- 
ample :  1 :3 :6g  means  that  one  part  cement,  three  parts  of  pit- 
run  sand  and  six  parts  of  graded  gravel  were  used. 

Nearly  all  of  the  concrete  was  mixed  in  a  No.  0  Smith  mixer 
which   was   run  at  28  to   30 .  r.   p.   m.     For  most  tests   the  dry 


I 


Fig.  6. — Longitudinal  Sections  of  PU  and  PUHC  Specimens. 

materials  were  discharged  directly  from  the  hopper  cart,  in  which 
they  were  measured,  into  the  mixer  which  had  been  wetted  with 
sufficient  water  to  cover  the  inside  surface.  After  mixing  one-half 
minute  dry,  the  proper  addition  of  water  was  admitted  through 
the  spout  and  hopper  of  the  machine  at  the  rate  of  350  lbs.  per 
minute  and  the  mixing  continued  for  one  and  one-half  minutes.  In 
general,  a  medium  consistency  which  could  be  easily  puddled  with 
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a  rod  and  which  would  barely  flow  from  the  shovel  was  employed. 
On  completion  of  the  mixing  period  the  concrete  was  rapidly 
dumped  into  wheelbarrows.  Care  was  taken  to  allow  plenty  of 
time  for  the  mortar  adhering  to  the  inside  of  the  mixer  to  drop 
out.  Figure  7  shows  the  appearance  of  a  batch  of  1 :9  concrete  of 
medium  or  mushy  consistency.  Figure  8  shows  the  same  mix  after 
it  had  been  molded  into  a  6-in.  cylinder  12  in.  high,  and  the  mold 
immediately  slid  upward. 


£ 


.•-iagsajjff -*£f*3#i5t^ij*av- >> 


Fig.  7. — A  1  ;9  Batch  of  Medium  Consistency. 


Fig.  8. — The   .Appearance  of  a  6  by   12  Inch  Cylinder  ot    1:9   Concrete  oi 
Medium  Consistency.  Mold  Removed  Immediately  .\fter  Casting. 


Hand  mixing  was  done  on  metal  trays.  The  gravel  was  spread 
in  a  thin  layer  over  the  tray,  covered  with  "the  sand  and  mixed  by 
two  men  with  square-pointed  .shovels.  The  mixed  aggregate  was 
then  spread  out,  covered  with  gravel,  and  again  mixed.  Next  a 
crater  was  formed  in  the  mass,  the  jiroper  amount  of  water  added, 
and  the  mixing  fini.'^hed.  In  most  cases  seven  turns  of  the  pile 
were  given  after  each  material  was  added,  twenty-one  turns  in  all. 
I'rom  the  results  of  both  compression  and  permeability  tests,  it 

Vol.  XIX.  No.  0 


IVithey — Tests  on  Gravel  Concrete 


823 


is  thought  that  such  hand  mixing  was  equivalent  to  that  done  by 
the  machine. 

Tlie  1 :1  mortar  for  the  shells  on  the  specimens  was  thorough- 
ly mixed  by  hoe  in  a  metal  tray  at  the  same  time  as  the  concrete 
was  being  made.  A  soft  consistency,  which,  when  formed  into  a 
cone  6  in.  high  and  3  in.  in  diameter,  flattened  on  removal  of  the 
mold  to  a  height  of  approximately  2  in.,  was  used. 

The  molds  for  the  PU  specimens  were  assembled  as  shown  in 
Fig.  9  (a).  The  dome-shaped  bonnets  (b)  were  set  neck  down 
upon  the  cast  iron  pedestals  (c).  Damp  sand  was  then  firmly 
tamped  into  the  bonnets  and  leveled  off  at  a  depth  of  3  in.  below 
the  upper  rim  of  the  bonnet.  On  top  of  the  sand  a  layer  of  parchy- 
more  paper  was  placed  to  prevent  the  mortar  from  running  into 
it.  The  specimens  were  made  as  rapidly  as  possible  after  the 
concrete  was  mixed.  In  making  the  PU  specimens,  the  shells  were 
molded  by  tamping  layers  of  mortar  between  the  outer  and  inner 
molds,  Fig.  9(a).    A  3-in.  layer  of  concrete,  composed  of  equal  por- 
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Fig.  9. — Molds  for  Permeability  Specimens. 
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tions  from  each  wheelbarrowful,  was  then  placed,  the  interior 
cylinder  raised,  and  the  concrete  thoroughly  puddled  so  that  a  good 
union  between  shell  and  core  was  obtained.  This  process  was 
continued  until  the  mold  was  filled.  A  cement  sack  soaked  with 
water  was  then  put  over  the  top  of  the  specimen.  Figure  10  shows 
the  appearance  of  the  cross-sections  of  several  PU  specimens,  and 
furnishes  an  indication  of  the  uniform  shape  and  size  of  the  cores 
in  the  test-pieces. 

Two  or  three  compression  cylinders  6  in.  in  diameter  and  18 
in.  long  were  generally  made  with  each  batch  of  concrete. 

Curing.  On  the  day  following  the  pouring,  the  tops  of  PU 
specimens  and  the  outside  surfaces  of  all  others  were  chipped  and 
scrubbed  with  wire  brushes  to  remove  laitance  and  rich  mortar. 
In  general,  PU  specimens  remained  in  the  molds  two  days.  The 
sand  was  then  removed  from  the  castings  and  the  interior  surface 
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of  the  concrete  thoroughly  chipped  with  a  heavy  steel  bar  provided 
with  a  chiseled  end.  Figure  11  shows  typical  appearance  of  bot- 
toms and  interiors  of  PU  specimens.  Figure  6  also  illustrates  the 
interior  and  exterior  of  PUHC  3.  Molds  were  removed  from  PUL 
and  PUHC  specimens  after  one  day  and  the  outsides  of  the  test- 
pieces  covered  with  wet  sacks.  The  interior  surfaces  of  the  con- 
crete on  PUL  specimens  were  chipped  when  the  specimens  were 
two  to  five  days  old.     The  interiors  of  PUHC  specimens  1  to  7 


"Ik'.  10. — Ciuss  Section  Fractures  of  I'L'   Spcciinoiis,   Showing  Concrete 
Cores  and   Mortar  Shells. 


were  chipped  during  the  second  week  after  making ;  the  interiors 
of  the  other  PUHC  specimens  were  chipped  after  four  or  five  days. 
Normally,  the  interiors  of  all  specimens  were  filled  with  water 
and  the  sack  coverings  kept  wet  by  sprinkling  every  morning  and 
night  excepting  Sunday,  when  specimens  were  sprinkled  once  only. 
A  number  of  specimens  were  removed  from  the  molds  to  the  hall 
in  the  laboratory  where  they  dried  until  tested.     Several  specimens 

Vol.  XIX.  No.  a 


JVithcy — Tests  on  Gravel  Concrete 


8Z5 


after  normal  curing  were  dried  in  a  gas  oven  at  comparatively  low 
temperatures  for  several  days.  Such  specimens  were  heated  during 
the  day  time  only  and  the  oven  was  regulated  so  that  a  temperature 
of  150  to  170  deg.  Fahr.  was  reached  in  about  two  or  three  hours. 

Compression  cylinders  were,  in  general,  subjected  to  the  same 
curing  conditions  as  the  permeability  specimens  with  which  they 
were  cast. 

Testing.  Before  testing,  the  specimens  were  washed  out,  placed 
beneath  the  permeability  tubes  shown  in  Fig.   12  and  filled  with 


Fig.   11. — Appearance  of  Surfaces  of  PU  Specimens  After  Cleaning. 


city  water.  In  testing  all  PU  specimens  numbered  above  167,  5 
lbs.  of  damp  Janesville  sand  was  spread  over  the  interior  of  each 
specimen  before  filling  to  serve  as  a  filter.  No  sand  filter  was  used 
in  either  PUL  or  PUHC  specimens.  After  the  gaskets  had  been 
inserted  in  grooves  in  the  flanges  and  the  castings  had  been  bolted 
to  the  apparatus,  city  water  was  forced  into  the  tubes  as  shown  at 
p,  Fig.  12,  until  they  were  nearly  full.  Air  pressure  from  the 
storage  tank,  r,  was  then  admitted  through  the  copper  tubing,  c, 
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and  valves,  v.  By  means  of  the  targets,  /,  on  the  water  gauges, 
the  height  of  the  water  in  the  tubes  was  read  on  the  scales,  s.  The 
scales  on  the  long  tubes  were  graduated  to  read  0.001  gallon,  those 
on  the  short  tubes  read  to  approximately  1^  cubic  centimeters. 
By  using  the  targets,  readings  could  readily  be  estimated  to  1/10 
division  on  either  apparatus.  Ordinarily  readings  were  taken  at 
one-half  hour  after  the  pressure  was  admitted,  then  in  perhaps  one 
or  two  hours,  and  twice  a  day  thereafter.  From  time  to  time 
observations  were  also  made  upon  the  appearance  of  the  bottoms 
of  the  specimens.  Insofar  as  possible,  specimens  were  run  for  a 
period  of  fifty  hours  or  more  at  approximately  constant  pressure. 
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Fig.   12. — Permeability  Apparatus. 

Most  of  the  specimens  were  tested  at  one  age  and  under  one  pres- 
sure ;  exceptions  are  indicated  in  the  tables. 

A  blank  specimen,  b,  Fig.  12,  which  consisted  of  a  dome- 
shaped  casting  tightly  sealed  at  the  bottom  by  a  welded  steel  plate 
and  encased  in  a  mortar  shell  like  the  PIJ  specimens,  was  read  each 
time  readings  were  taken  on  the  test-pieces.  By  means  of  this 
device  corrections  could  be  made  for  changes  in  the  heights  of  the 
water  columns  produced  by  causes  other  than  leakage. 

Wet  and  dry-bulb  thermometers  were  also  read  twice  a  day. 
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The  fan  shown  at  w,  Fig.  12,  furnished  a  draught  of  air  about 
the  wet-bulb  thermometer.  During  cold  weather  when  the  room 
was  heated  by  steam,  the  humidity  varied  between  20  and  50  per 
cent.     In  the  summer  it  was  generally  above  70  per  cent. 

Computations.  For  the  most  part,  curves  were  drawn  with 
time  as  abscissa  and  heights  of  water  column  as  ordinates  for  both 
the  individual  specimens  and  the  blank  at  the  time  observations 
were  taken.  Average  time-leakage  curves  corrected  for  the  blank 
readings  were  then  plotted  on  the  same  sheet  with  the  individual 
curves.  These  will  be  herein  referred  to  as  time-leakage  curves. 
In  most  of  the  tables  each  result  is  the  average  of  tests  on  four 
specimens.  To  facilitate  the  tabulation  of  data  and  to  give  some 
idea  of  the  change  in  rate  of  flow,  the  average  rates  of  flow  for 
periods  0  to  50,  20  to  50  and  40  to  50  hours  were  adopted. 
Although  leakages  over  a  much  greater  period  of  time  were 
determined  for  many  specimens,  only  a  few  of  the  long-time  records 
will  be  included  in  this  paper.  In  Tables  8  and  10,  the  per  cent 
variation  for  the  40-50  hour  period  was  obtained  by  dividing  the 
difference  between  the  maximum  and  minimum  leakages  for  this 
period  by  the  average  leakage  and  multiplying  by  one  hundred. 

In  computing  the  data  from  tests  on  the  PUHC  specimens, 
the  rate  of  flow  was  divided  by  the  average  area  in  square  feet 
of  the  inside  and  outside  surfaces  of  concrete  in  order  to  express 
the  quantity  in  terms  of  unit  area. 

The  water  pressures  recorded  in  the  tables  were  averaged 
from  the  recorded  gage  pressures  and  include  the  pressure  due  to 
the  average  height  of  the  water  column  in  the  permeability  tubes. 

In  the  remarks  columns  of  the  various  tables,  L  indicates  that 
water  was  dripping  from  the  bottom  of  the  specimens  mentioned, 
M  indicates  that  the  bottoms  were  moist,  D  indicates  that  the  bot- 
toms were  discolored,  SL  means  that  water  leaked  through  the 
shells.  Thus  260,  262,  263— If ;  261L,  means  that  specimens  260, 
262,  263  were  moist  and  261  was  leaking  during  the  test  considered. 
The  absence  of  any  note  indicates  that  there  was  no  visible  evi- 
dence of  leakage  on  the  bottoms  of  the  specimens. 

Properties  of  Specimens.  Table  3  contains  a  list  of  the  294 
specimens  reported  upon  in  this  paper  and  data  concerning  con- 
stituent materials,  proportions,  method  of  mixing,  and  thickness. 
Of  the  above  number,  88  were  of  1  :lj^  :3  and  67  of  1 :2  :4  propor- 
tions by  volume ;  98  were  of  1 :9  proportions  by  weight. 

Effect  of  Age  on  Permeability.  Table  4  contains  the  results  of 
tests  on  1 :2 :4  concrete  at  various  ages  up  to  one  year.  Average 
leakage-time  curves  for  specimens  of  different  ages  appear  in  Fig. 
13.  Excepting  specimens  260-263,  none  of  the  test-pieces  showed 
visible  signs  of  leakage.  Nevertheless,  from  evidence  which  will 
be  presented  and  from  a  comparison  of  the  rates  of  flow  at  the 
early  ages  it  seems  certain  that  the  water  went  through  the  speci- 

November,  1914 


828  IVithcy — Tests  on  Gravel  Concrete 

TABLE     NO  3 

Proportions  Metmods  op  Mixing  anp 
Thicknesses   of  Specimens  Used 


Materials 

Proportions    of 

"*  Nominal 

>-z 

Method  of 

z 

o 

o 

Z 

o 

1 

Gravel    by    Wt 

Proportionb 

Mixing 

Thick- 
ness of 
Specimens 

c 

c 

> 

■£ 

TJ 

> 

Machine 

Hand 

Ti  roc. 

CQ 

Ql 

E 
o 

(0 

O 

0-/4 

'A-'k 

'h-y^ 

%-!/, 

0 

1 

0 

a 
it 

0 
<j  in 

2:  s 

Dry 

w«t 

No 
Turns 

inches 

8 

100-103 

R 

5d,P 

GI.R 

V/i 

3 

V 

H 

ZVz 

4 

9 

104-107 

p; 

Sd,P 

GI,P 

\'/z 

3 

V 

a 

Z'yi 

8 

10 

108-1 1 1 

R 

Sd,P 

GI,P 

2 

4 

V 

1 

'^ 

za 

6 

1  1 

1  12-1  15 

R 

S<d,P 

GI,P 

2 

4 

V 

1 

y* 

a 

6 

12 

116-119 

R 

Sd,P 

Gi.r 

2 

4 

V 

1 

>i 

9'A 

6 

14 

124-127 

R 

Sd,P 

GI,P 

\'A 

3 

V 

n 

\'/i 

6 

15 

128-131 

R 

Sd,P 

GI,P 

\^ 

3 

V 

>i 

la 

12 

16 

132-135 

R 

Sd,P 

GI,P 

Z 

4 

V 

I 

'/i 

VA 

4 

17 

136-139 

R 

Sd,R 

GI,P 

2 

4 

V 

1 

>i 

Vk 

8 

16 

140-143 

R 

Sd.P 

GI,P 

2 

4 

V 

1 

n 

\A 

18 

19 

144-145 

R 

54R 

GI,P 

Z/a 

4^ 

w 

6 

21 

6 

20 

146-147 

R 

Sd,P 

GI,P 

\'A 

5;^ 

w 

7 

21 

6 

ZZ 

150-151 

R 

Sd,P 

GI,R 

098 

060 

1.08 

1.62 

Q72 

428qiw 
3^    W 

8 

21 

6 

23 

152-153 

R 

Sd,P 

GI,P 

\ii 

la 

21 

6 

24 

154-155 

R 

5d,P 

61,  R 

l>6 

3;^  w 

13 

21 

6 

26 

160-163 

R 

Sd,R 

GI,P 

2 

4     V 

1 

H. 

i)i 

6 

Z7 

164-167 

R 

Sd,P 

GI,P 

2 

4 

V 

1 

)i 

\A 

12 

31 

18  0-183 

R 

S4P 

GI,R 

Z 

4 

V 

1 

)i 

\>i 

4 

ZZ 

184-187 

R 

Sc(,P 

GI,R 

2 

4 

V 

1  . 

)i 

\A 

8 

ZZ 

188-191 

R 

S4P 

GI,P 

\^ 

3 

V 

)i 

\A 

4 

34 

192-195 

R 

SctP 

GI.P 

\)i 

3 

V 

)i 

\)i 

8 

39 

212-215 

R 

Sd,P 

GI,P 

\'4 

3ii 

w 

12 

>i 

\A 

8 

41 

220-223 

R 

SAP 

GljP 

\X 

3 

V 

)i 

\A 

12 

44 

232-235 

R 

Sd,P 

GI,P 

2 

4 

V 

1 

)i 

\A 

6 

45 

236-239 

R 

Sd,P 

GI.R 

Z'/a 

4* 

w 

)i 

\A 

18 

46 

240-245 

R 

Sd,P 

GI,P 

Z'4 

AH 

w. 

J4 

\A 

4 

48 

248-251 

R 

Sd,P 

GI,P 

1.12 

1.12 

232 

ZA4 

a5bq 

w 

9 

a 

\A 

8 

49 

252-255 

R 

Sd,P 

GI,P 

1.28 

1  20 

240 

ZI2 

488gW 

10 

>i 

\A 

8 
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256-265 

R 

SdF 

GI,P 

2 

4 

V 

1 

H 

\A 

6 

52 

264-267 

R 

Sd,P 

GI,P 

3 

6 

V 

14 

A 

\A 

8 

55 
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R 

Sd,P 

GI,P 

165 

1  15. 

320 

3 

6q 

w 

3 

>i 

AA 

6 

56 

280-283 

R 

Sd,P 

GI,P 

1.65 

1  15 

320 

1 

3 

6q 

w 

3 

X 

A 

6 

57 

284-287 

R 

5d,P 

GI,P 

1.65 

1  15 

320 

1 

3 

69 

w 

3 

)i 

\A 

6 

59 

292-295 

R 

Sd,P 

GI,P 

165 

1  15 

320 

3 

6q 

w 

3 

X 

\A 

6 

60 

296-299 

P. 

Sd,P 

GI,P 

165 

1,15 

32C 

3    ;   bq 

w 

3 

A 

]A 

6 

64-5 

312-319 

Pi 

Sd,P 

GI,F 

165 

1  15 

32C 

3       6q 

w 

3 

A 

\A 

6 

66 

320-323 

P, 

Sd,P 

GI.P 

165 

1.15 

32C 

3 

69  Iw 

3 

Ai 

A 

6 

68 

328-33 1 

P. 

Sd,P 

GI,P 

165 

1  15  3,20 

3 
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3 

A 

AH 

6 

69-0 

332-339 

P. 

Sd,P 

GI,P 
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1  15  320 

3 

60    W 

3 

>i 

\A 

6 

71 

Zi^Q-iAi 

P, 

sd,r 

GI,P 

165 

11 5 1320 

3 

6fl    W 

3 

>i 

Ak 

6 

72 

344-347 

P. 

S<(,P 

UP 

165 

1  1513.20 

3 

6g    W 

3 

9 

6 

73 

348-351 

P. 

Srf.P 

GI,P 

145 

1.16 

320 

32 

589   W 

4 

A 

\A 

6 

74 

352-355 

R 

5d,P 

UP 

096 

100 

256 

248 

4529  W 

11 

H 

\A 

8 

75-8 

356-371 

f? 

S4.P 

GI,P 

075 

065 

172 

I3i 

3<)    |V 

2 

H 

\)i 

6 

79 

nz-n:> 

R 

S4,P 

GI.P 

1 

w 

»Y  Xm 

6 

80-1 

376-383 

R 

5d„P 

GI,P 

075 

0651172 

\)i 

■5g 

V 

2 

A 

AA 

6 

82 

384-387 

R 

Sd„P 

GI.P 

075 

065:172 

\A 

3g 

V 

2 

a 

A 

6 

83 

380-391 

R 

S4,P 

GI.P 

i0  75 

0651172 

\)i 

39 

V 

2 

a 

A)t 

6 

84 

392-395 

Ri54,P 

OLP 

0  75 

0651172 

\)i 

39 

V 

2 

H 

\A 

6 

85 

397-399  'R ' S.f„P' GIF 

'0  75'065'I7Z 

\'\% 

39    'V 

2 

JK'X  ' 

6 
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TABLE     N0.3 

Proportions  Methods  or  Mixing  anp 
Thicknesses   of  Specimens  Used 


c 

Materials 

Proportions  of 

*  Nommial 

5^Z 

Method  of 

2 
o 

z 

o 

Gravel   by    Wt 

Proportions 

ll 

D 

.c  0 

Mixing 

Thick- 
ness of 
Specimens 

-0 

c 

0 
> 

Maohine 
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4J 

"C 

I     % 

Time 

CD 

E 

CO 

a 

0-/4 

/A-h 

)i-r4 

74-1/. 

E 

<3 

2       a 

0 

No 

o 

0 

0 

lO 

^      1 

5:  s 

Dry 

Wet 

Turns 
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86' 

400-403 

P. 

Sd,^P 

GI,P 

145 

1.15 

320 

32g 

589  W 

5 

Ji 
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6 
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40t-4  1 1 

f^ 

5d.P 

GI,P 

1.65 

1.15 
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3 

6g 

W 

'A 

A'A 

6 

89 

412-415 

p. 

Sd.P 
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Wz 

3g 

V 

2 

'A 

4J^ 

6 

91 
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f^ 

S4,P 
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0.76 
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1 
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Zq 

V 

2 

)i 

A'A 

6 

92 

422-42 5 

p. 

Sd„P 

GIP 

165 

1  15 

320 

3 

6g 

w 

0 

% 

6 

93 

426-429 

R 

S^„P 

GI,P 

1.65 

1.15 

3.Z0 

3 

6g 

w 

0 

2 

6 

94 

430-433 

R 

5d„F 

GI,P 

1.65 

1.15 

320 

3 

6g 

w 

0 

5 

6 

95 
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R 

S<J,.P 

GI,P 

1.45 
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3.20 

32g 

58q 

w 

5 

^ 

VA 

6 

96 
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P, 

Sd.P 

G1,P 

1 

w 

)i 
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97 
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P, 

Sd^P 

G1,P 

1.65 

1.15 
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3 

eq 

w 

0 

Va 

6 

98 

438-441 

f; 

Sd„P 

GI,P 
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172 

\'A 

39 

V 

Z 

0 

* 

6 

99 

442-445 

f; 

Sd^P 

GI,P 

075 

0.65 

1.72 

l)i 

3q 

V 

2 

0 

2 

6 

100 

446-449 

p. 

Sd„P 

GI,P 

0.75 

065 

1.72 

Wz 

5q 

V 

2 

0 

5 

6 

101 

PUL  4 

Pa 

Sd„P 

GI,P 

0.75 

a6'5 

1.72 

lii 

3g    !v 

)i 

4;^ 

6 

102-3 

454-60-PUL! 

P. 

5d„P 

G1,P 

0.75 

0.65 

163 

Wz 

3g 

V 

^ 

4Jf 

6 

104.' 

461-464 

F^ 

SdoP 

G1,P 

L45 

1.15 

320 

3Zq 

58g 

w 

5 

yz 

iJi 

6 

105' 

PUL  6 

P^ 

5d.,F 

G1,P 

1.45 

1.15 

320 

32q 

5Bg 

w 

5 

)i 

1;^ 

6        1 

106 

PUHCl-3 

Pi 

Sd,,P 

UP 

1.65 

1  15 

520 

3 

6g 

w 

)i 

VA 

4 

107 

PUhG4-5 

R 

5d,P 

G1,P 

075 

065 

163 

\'A 

39 

V 

)i 

\K 

4 

108 

PUHC  6 

R 

5<JI.P 

01,  P 

165 

1.15 

320 

3 

Sq 

w 

H. 

VA 

6 

109' 

PUHC7 

P, 

5d„P 

Gi,P 

145 

1  15 

3.20 

ZZ<i 

w 

5 

H. 

1/2 

6 

IIO-I 

465-472 

P, 

S(i,J^ 

G1,P 

101 

0.86 

230 

2 

4g 

V 

Ji 

1>£ 

6 

1  \z 

475-476 

FJ 

Sd^P 

GI,P 

10  1 

086 

230 

2 

4g 

V 

>i 

VA 

6 

113 

477-480 

Pe 

544P 

6I,P 

1.01 

0.86 

2.30 

2 

4g 

V 

'A 

VA 

6 

114. 

481-482 

Fz 

SdJ' 

GI,P 

1.0  1 

0.86 

2.30 

2 

49 

V 

^ 

VA 

6 

141 

PUHC  10 

Fl 

5d«P 

GI,P 

1.65 

115 

320 

5 

6g 

w 

'A. 

VA 

6 

142 

PUHC  8 

R 

Sdi^P 

GliP 

1.65 

1.15 

320 

3 

6g 

w 

'A 

\>z 

6 

143 

PUHC  9 

R 

SdJ' 

GI,P 

1.65 

1  15 

320 

3 

6g 

w 

A 

VA 

6 

144 

PUHCI2 

Pi 

Sd^P 

G1,P 

1.65 

1.15 

320 

3 

69 

w 

'A 

VA 

6 

'   W      1 

idicates    that     the    aqgrei^ate     was      proportioned      by     we 

iqht  , 

V    by     volume . 

'  The 

etter     "q"     after     a    proportion     indic.ate6      thot      the      ac 

qreeja 

te     was     o^radadi 

5tartd 

was     proportioned      \.i  partt,     0-20  mesh,   06    part     HO-lO 
O-y*  in     mesh 
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.   and     13  ports 
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TABLE       N  0.  4 

Effect  of   Age   on    the 
Permeability    of     Concrete 

t^aterialA- Universal    Portiond    Cement  (P,),   Janebv.lle     Sond  (3<3l,P),  ana     Janebvide     Grovel    (Gl.P). 

All   specimens     were    6'  Ihiok    c/iO^pi    I64--I67,  which    were    IZ'  thi&k. 

All  concrete     was     m«3chine     mixe*l     by    '^    No    0    Smith    mtxer. 

Specimens      were    cured     in    the     molds    for    2  da^s^    then     tilled     with     wdter    and     sprinkled     twice    a 
day     until      the    first      te&te     were     made,     thereafter      between     testing     periods     they    were    al- 
lowed     to    stand     in    the     permetftbitity       room     filled     with     water        The   inside    surfaces    of     the    5pec- 
imenft     were     cleaned      before     eacb     test. 


o 

21 

o 

C5 

6 

Z 
o 

ID 
Q. 
(0 

o 
> 

>- 

f 

water 

> 

<0 
< 

Time 
ot 

t  in 
To 

(1  E 
1 

Ave  Rate  of  teaWaqe  in 
Gal  per  SqFt  per  hr  tor 
the    Interval  m  Mr 

Remarks 

c 

E 
o 

Z 

O 

Mix- 
ing 

o      1      9 

0 

6 

>- 

Q 

I 

IT) 

6 

6 

10 

loa-iii 

108-111 
108-111 

12  4 

9.4. 

1  5 
35 
66 

/i 

Zl 

40 
30 
35 

226 
230 
23  1 

00036 
00007 
00009 

00029 
00006 
00006 

00029 
00005 
00006 

10 

108-111 
108-111 
108-  III 

12  4 

94 

18 
39 
69 

30 
35 
45 

1  16' 
13  4" 
130 

00013 
00004 
00007 

.00015    00015 
00003    00004 

Intervol     0-Z7hr 

II 

112-  115 
112-115 

113-  114 

12  4 

9.4 

15 
35 
66 

'A 

h 

40 
30 
35. 

225 
22.6 
230 

00057    00047' 00041 
00009] 00007'  00006 
00010    00010    00010 

II 

112-  115 

112-  115 

113-  114 

1  2  4 

9  4 

16 
39 
69 

30 
35 
45 

1  1  7' 
13  2' 
12  9 

00016 ' 00019    00019 
00003 1 00003    00005 
00002 1 

Interval     0-2Thr 

12 

116-  119 
116-119 
116-119 

12  4 

94 

16 
36 
63 

a 

9a 

25 
35 
60 

21  0 
223 
222 

00008    00006    00006 
00003  .00003    00003 
00001  '  00001    .00001 

26 

160- 163 
160-163 
160-163 
160-163 

12  4 

9.4 

105 

15 
26 
63 
196 

a 

\ik 

60 
65 
85 
60 

23  3 
22  5' 
22  1' 
420 

00059; 00039  .00036 
.00015  ;  OOOII     .00009 
.00012    .00006'  00005 
00003    00003  .00002 

27 

164-167 
164-167 
164-167 
164167 

1   24 

94 

105 

15 
29 
63 
183 

'/i 

m 

60 
60 
65 
75 

409 
406' 
416* 
420 

.00065 
00017 
00010 
00009 

00048:  00040 
OOOII     00010 
000061 00005 
00008    00007 

51 

260263 
260263 

124 

109 

lie 

14 
26 

a 

IX 

65 
90 

21  7 

22  1 

00071 
00030 

00047    00041 
00021     00020 

^60.^6^,^63-M.^6l  L 

44 

232-235 
232-235 

124 

79 

8.3 

14 
26 

% 

IK 

60 
80 

223 
222 

00023 
00015 

OOOII 
O00O7 

00009 
00007 

■Spec.m.n, 
•Specimen: 
'Spec.men, 

were    run    c 

were    run   a 

k     were    run    a 

t   40ib    ait 

t    10 
t   20 
t    5 

cr 

lb    between    the     Zeday      and      63  day     testa 
lb    after     bsinq    run   at    40  1b      whan     15    and     2 
b    after     bein<^     run   at    10  lb     when    IBdayd     old 
Pemq      run     ot     lOlb     wh«n     39  doys    o\d 

9  doya   old 
they     w«r<    a\90 
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/ 

/ 

/ 

/ 

Averciqe     of     Spec    No  160-163 
1    Z'4    Concrete 
Materials  -   P,,   Sd,P,  01, P 
.specimens     Smches    thick 

/ 

c 

r 

V 

/ 

/ 
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_^ 
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/ 

,  .2 

^ 

\^ 

--^ 
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,0   d"- 

^ 

'^ 

Aqe      f 

/ 

^ 

/ 

Aver«j^e    of    Spec.  No    164-167 
1-24    Con&rcte 

Mijtermis  -  p;  ,    Sd,P,  G1,P 
Specimens    12  inches  thicK 

r  1 

^ 

i^ 

^a^ 

;rrr 

-- 

^ 

/Xl^« 

6  rno 

20  40  60  60  100         120         140         160         ISO        200        220       24C 

Time       in       Hours 

Fiq.  13.—  Effect  '  of    Aqe    on    the     Permeability     of     Gravel 
Concrete 
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mens.  Tests  indicate  that  the  rate  of  flow  for  the  20  to  50  hour 
period  on  a  specimen  which  has  been  previously  subjected  to  water 
pressure  is  about  the  same  as  the  rate  for  a  similar  specimen  tested 
for  the  first  time.  It  therefore  appears  from  the  results  in  the 
table  that  the  permeability  of  so-called  impervious  concrete  is 
unaffected  by  age  after  being  properly  cured  for  one  month. 

Effect  of  Thickness  on  Penneability  of  Concrete.  Although 
the  evidence  presented  is  by  no  means  conclusive,  the  results  re- 
corded in  Table  5  seem  to  show  that  the  rate  of  flow  for  specimens 
having  no  visible  leakage  is  independent  of  the  thickness.  It  is 
barely  possible,  however,  that  the  pores  in  the  top  surfaces  of  the 


TABLE      N05 

Effect  of     Thickness    on    the 
Permeability   of    Concrete 

Material-  Universal  Portland  cement  (F;],  Janesville  sand  (5d,P^,  and  Jdnesville  qrovel  ((3l,P),  in  dll  spec- 
imens er.cept  180-195  and  ZZO-lZi ,  in  which  WouKesha  s«nd  (&d,P)  dnd  Wavkesha  grav- 
el    (OI,P)    ware     used. 

All    concrete     was    machine     mixed     )4  mm     dry     and     1^  mm    wet     except    as   noted 

Specimen!)     were     cured     in    the   moldb     for    Z  da^i ,  then    tilled    will)     water      and    »prinkled     twice     a 
day    until     tested 

Aqe    at    test     was     I  mo 
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Z 
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CQ 
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>• 

X 
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o  w 
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X  o 
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c 

in 
u 

c 
j£ 
o 

£ 
1- 

Ave  Rate  ot   LeaKaqe. 
in  Gal  per  Sc^fX  per  Hr 

Remarks 

—       a 

tor  the  Intervtfil   in  t\r 

o 
m 

6 

o 

6 
w 

o 
6 

16 

132-135 

12  4 

93 

2105 

50 

218 

4 

000070 

.000050;  000060 

17 

136-139 

12  4 

93 

50 

217 

6 

.000136.000103.000110 

16 

140-143 

1  2  4 

94 

65 

200 

16 

No^     leakage! 
.0001001.000070.000070 

Tested    at  401b  tirsl 

16 

132- 135 

1  2    4 

93 

2105 

60 

409 

4 

Tested  at  ZO  IP  tir.t 

17 

136-139 

1  2    4 

93 

60 

408 

8 

OOOISei.OOOllO  000090 

18 

140-143 

1  2   4 

94 

55 

412 

16 

000l20j.000l30  .000070 

8 

100-103 

1  IX  *3 

96107 

35 

426 

4 

000017  .000013   000019 

Mixed  dry  Hm.n.wtZJi 

9 

104-107 

1  \%.  3 

90  102 

35 

42  6 

6 

000042  .000030; 000030 

15 

128-131 

1   114  3 

84  87 

3345 

60 

432 

12 

.000033 

Cy\in4tr»    60  da    old 

46 

240-243 

1  192  391 

63  84 

2365 

85 

223 

4 

000  110  000046  000040 

45 

236239 

1  192  391 

63  64 

85 

22  1 

18 

000140.000070  000060 

31 

ISO  163 

1  2   4 

87 

96 

1620 

65 

226 

4 

000520.000340  000330 

ieo.i6iL.  lez.iejD 

32 

164167 

1   2  4 

87 

96 

85 

227 

6 

000370  000200,000170 

33 

I88I9I 

1  1^  3 

78 

69 

2330 

85 

426 

4 

.000095'000055  .000056 

34 

192195 

1   l)i  3 

7889 

65 

427 

6 

000067: 000036  000042 

41 

220-223 

1  i;4  3 

87  100 

60 

420 

12 

000104,000047.000035 

thin  specimens  were  sufficiently  compressed  by  the  bending  of  the 
core  under  pressure  to  reduce  the  rate  of  flow. 

Effect  of  Proportion  of  Cement  on  Permeability.  From  the 
results  in  Table  6,  it  will  be  ob.served  that  for  proportions  in  which 
the  ratio,  by  weight,  of  cement  to  aggregate  exceeded  0.11  there 
was  no  visible  indication  of  dampness  under  40  lbs.  per  sq  in.  pres- 
sure. It  should  be  noted,  however,  that  batch  57,  the  1  :*^  mix.  was 
made  from  graded  aggregate  and  that  the  curing  conditions  for  a 
section  of  concrete  only  6  in.  thick  wore  much  ])etter  than  would 
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ordinarily  obtain  in  the  field.  An  examination  of  Fig.  14  shows 
that  for  these  materials  and  this  procedure  in  mixing  and  curing, 
a  proportionate  increase  in  water-tightness  is  not  secured  by  raising 
the  weight  ratio  of  cement  to  aggregate  above  0.15. 

Effect  of  Grading  the  Aggregate  on  Permeability.  One  of  the 
variables  most  studied  in  making  good  concrete  is  the  effect  of 
grading  the  sand  and  gravel  into  different  sizes  and  recombining 
these  sizes  in  such  a  way  that  the  maximum  density  may  be  ob- 
tained. In  the  majority  of  the  tests  reported  in  this  paper,  the 
gravel  was  screened  into  three  sizes  and  recombined  to  form  an 
approximately  straight  line  mechanical  analysis  curve.     The  sizes 

TABLE      NO  b 

ELffect  of  Proportion    of   Cement   on  the 
Permeability    of     Concrete 


Moleriols  -Universal     Portland     Cement    (l^.n    batches    marked 
■  n    an    but     372    595    in   which     Sd„P   was    used),    Jones 
All    specimen-,     were     6'    thick    except    Ii6-I39  and    264-267 
All    concrete     w«»     machine     mixed     4  mm    dry    and     I !«    min.    v 
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No    154     was    previously      rury    at    the     same      pre^s,ure 
were    previously     rur}    at    the    same     pressure 

■x 

I 


were,  however,  kept  separate  until  required  for  a  given  batch  of 
concrete.     This   is   essential   since   it   is   impossible   to   maintain   a 
«J)rescribed  distribution  of  sizes  in  a  storage  pile. 

In  Table  7  are  presented  the  results  of  tests  on  fifteen  mixes, 
in  eight  of  which  a  portion  of  the  aggregate  was  graded.  The 
mechanical  analysis  curves  including  cement  are  given  for  these 
mixes  in  Figs.  1  and  2.  For  purposes  of  comparison  Fuller's 
theoretical  curve  is  also  drawn  on  the  diagrams.*  Batches  19,  20, 
23,  24  and  39  were  proportioned  by  volumetric  analysis ;  the  pro- 
portions for  batches  17,  52  and  77  were  arbitrarily  selected.  None 
of  these  concretes  gave  visible  evidence  of  leakage  except  speci- 
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mens  264-267  of  1 :3 :6  concrete,  but  there  is  a  considerable  differ- 
ence in  the  rate  of  flow  into  these  dry  specimens. 

If  mixes  containinj^  approximately  the  same  proportion  of 
cement,  by  weight,  are  compared  it  will  be  found  that  batches  23, 
19  and  95  were  the  most  impervious  of  the  1 :5,  1 :7  and  1 :9  mixes, 
respectively.  The  corresponding  mechanical  analyses  curves  are 
12,  6  and  5,  respectively.  It  will  be  observed  from  the  mechanical 
analyses  curves  that  most  of  the  mixes  have  a  higher  proportion  of 
fine  particles  than  demanded  by  Fuller's  theoretical  curve.  This 
condition  in  most  cases  was  due  to  the  use  of  a  large  percentage 
of  cement  with  a  sand  containing  a  considerable  proportion  t>f  fine 
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grains.  Only  a  few  trials  were  made  with  graded  SiMids  because 
of  the  difficulty  of  securing  such  material  in  practice.  The  results 
obtained  with  the  1 :9  artificially-graded  sand  mixes  were,  however, 
very   satisfactory. 

An  inspection  of  the  mechanical  analyses  curves  in  l"'igs.  1 
and  2  shows  that  the  maximum  size  of  particles  in  any  of  these 
mixes  was  about  1J4  i"-.  and  that  the  percentage,  by  weight,  of 
particles  passing  a  '4-i'i-  opening  varied  from  39  to  51.  An 
analysis  of  the  leakage  data  in  Table  7  indicates  that  in  the  majority 

♦For  the  metliod  of  drawing  this  curve  see  Taylor  and  Thompson's 
Concrete,  Plain  and  Reinforced,  p.  202;  also  Trans.  A.  S.  C.  E.,  vol.  59.  p. 
67, 1907. 
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of  the  more  impervious  mixes  the  percentage  of  this  fine  material 
was  between  40  and  46. 

In  general,  it  will  be  observed  that  the  flows  in  Table  7 
decreased  as  the  densities  increased.  Figure  15  shows  that  either 
the  ratio  of  the  volume  of  the  cement  particles  to  the  volume  of 
air  voids  in  a  unit  volume  of  concrete  or  the  ratio  of  the  volume 
of  cement  particles  to  volume  of  the  air  plus  water  voids  fur- 
nishes an  index  of  imperviousness.  Of  the  two  the  former  seems 
to  be  a  better  index  than  the  latter.  A  comparison  of  Figs.  15 
and    16   shows   that   permeability    is    influenced    much    more    than 

TABLE.      NO.  7 

EfFLCT    OF    Grading    the    Aggregate  on  tme 
Permeability    of    Concrete 
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Specimens    144-155   were    hand    mixed    21    turns  .  all    others    were     mixed     )4  mm    dry    and    iK 
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stren^h  by  a  change  either  in  the  proportion  of  cement  or  in 
density. 

Effect  of  Time  of  Mixing  on  Permeability.  The  effects  of  the 
length  of  time  of  mixing  are  shown  in  Table  8.  With  a  mixing 
period  between  three-fourths  and  five  minutes,  the  flow  through 
a  1  :lJ/2  :3  mix  appears  to  be  independent  of  the  total  time  of 
mixing,  of  the  time  at  which  the  water  is  admitted,  and  of  the 
moisture  content  in  the  sand. 

There  is  a  marked  difference,  however,  in  the  behavior  of  lean 
mixes  under  like  conditions.     The  results   for  the   1 :9  mixes,  in 
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which  some  dry  mixing  was  done,  show  that  the  average  leakages 
for  the  two-minute  period  are  less  and  the  strengths  greater  than 
for  either  the  three-quarter  or  five-minute  mixing  periods.  In  the 
wet-sand  batches  the  superior  imperviousness  of  those  mixed  two 
minutes  over  those  mixed  three-quarters  of  a  minute  is  more  pro- 
nounced than  in  the  dry-sand  batches.  It  will  also  be  noted  that 
the  uniformity  of  the  results  is  greater  for  the  dry-sand  batches 
than  for  those  made  of  wet  sand.  This  is  especially  true  for  the 
batches  mixed  three-quarters  of  a  minute.     The  effect  of  time  of 
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Gravel      Concrete 

mixing  on  1 :9  batches  made  from  both  dry  and  wet  sands  is  well 
illustrated  in  Fig.  17. 

Putting  the  water  into  the  mixes  before  the  dry  materials 
considerably  impaired  the  strength  and  imperviousness  of  all  1  :^^ 
batches.     The  injury  was  greatest  in  the  three-quarter  miiuite  mix. 

Effect  of  Consistency  on  Permeability.  Four  consistencies — 
dry,  medium,  wet  and  soupy — were  tried  on  1:1'/^  :3  and  1:2:4 
mixes.  Medium  :nid  wet  consistencies  were  also  tried  on  1  :9  mixes. 
The  results  of  these  tests  are  given  in  Table  9.  In  placing  the 
dry  mixes,  considerable  ramming  was  done  in  order  to  secure  (Icnse 
concrete.  Nevertheless,  in  the  l:lyi:3  dry  batch  the  concrete  was 
so  jiorous  that  a  constant  pressure  could  not  be  maintained  on  the 
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Specimens.  The  results  in  the  table  show  that  it  is  better  to  use 
too  much  water  rather  than  too  little,  but  they  also  indicate  that  a 
medium  mixture  which  will  barely  flow  is  the  most  efficient,  es- 
pecially in  the  case  of  a  lean  mix.     Increasing  the  percentage  of 
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water  above  that  required  for  a  medium  consistency  results  in  a 
decrease  in  densitv  and  a  higher  degree  of  permeability.  That  only 
a  small  excess  of  water  beyond  the  percentage  required  for  a 
medium  consistency  will  seriously  diminish  the  imperviousness  of 
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a  well-graded  1 :9  mix,  is  clearly  shown  by  the  results  in  Tables  9 
and  13. 

A  Comparison  of  the  Effects  of  Fineness  of  Cement,  Con- 
sistency, Gradation  of  Aggregate,  and  Time  of  Dry  Mixing  on  the 
Permeability  of  i:g  Concrete.  From  the  evidence  presented  in 
Table  10,  it  appears  that  the  imperviousness  and  strength  of  a  lean 
mix  can  be  increased  somewhat  by  grading  the  aggregate  or  by 
grinding  the  cement  to  a  greater  degree  of  fineness  than  ordinarily 
practiced.    Under  good  curing  conditions,  however,  the  advantages 
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secured  by  either  method  may  be  greatly  overbalanced  by  making 
the  mix  too  wet  or  by  placing  water  in  the  mixer  ahead  of  the 
cement  and  aggregate. 

Effect  of  Curing  Conditions  on  Permeability.  Tiiat  no  single 
operation  in  making  concrete  has  a  more  important  effect  upon  its 
water-tightness  than  the  procedure  in  curing,  will  be  appreciated 
after  an  examination  of  the  data  in  Table  11.    By  early  removal  of 
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Fi<5   \7  —  Eifeci     of       Time     of      Mixincj     on     the     PermeabiliiY 

of     19       Gravel       Concrete       Made     from      Wet     and 
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molds  followed  by  drying  in  air  at  room  temperature,  the  flow 
through  a  1 :9  mixture  was  increased  about  140  times,  see  batches 
57  and  69.  Curing  for  seven  days  in  the  molds  was  not  so  efficient 
for  a  1 :9  mix  as  to  cure  for  two  days  in  the  molds  and  sprinkle  for 
five  days.  The  latter  method,  however,  was  insufficient  for  the 
production  of  a  watertight  mix,  see  specimens  405-407  and  410-411. 
Even  after  sprinkling  for  three  weeks,  a  period  of  six  days  in  an 
oven  at  a  temperature  between  115  and  185  deg.  Fahr.  was  suffi- 
cient to  make  specimens  408  and  409  leak  about  sixty  times  as 
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been     run     at    sarne     pressure     when  •  14  day*     old 

'  Specimen   No  ^^9 
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fast  as  specimens  406  and  407  of  the  same  batch  which  were 
sprinkled  until  tested.  S]-»rinkling  for  one  month,  followed  by  an 
equal  subsequent  period  of  curing  in  normal  air  at  room  tempera- 
ture, did  not  adversely  affect  the  imperviousness  of  specimens  4^6 
and  437. 

Mixtures  of  1 :2 :4g  proportions  withstood  the  bad  effects  of 
premature  drying  out  much  better  than  the  1  :*^  mixes,  although  the 
influences  are  plainly  seen  in  the  results. 
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As  expected,  the  l:ly^:3  mixes  were  affected  but  little  by  dry 
curing.  The  greatest  effect  was  obtained  from  tests  of  specimens 
376  to  379  cured  one  day  in  molds  and  twenty-six  days  in  air. 
Although  they  showed  no  visible  evidences  of  leakage,  the  rate  of 
flow  was  about  twenty-five  times  that  of  specimens  364-367  which 
were  sprinkled  for  one  month. 

From  Table  12  a  comparison  can  be  made  between  the  per- 
centages of  weight  lost  in  curing  and  the  leakages.  In  general,  it 
will  be  observed  that  the  leakage  increases  with  the  per  cent  loss  in 
weight. 

Figure  18  shows  the  effects  of  certain  curing  conditions  on 
both  1:15^:3  and  1:9  mixes. 

Results  of  the  compressive  strength  tests  indicate  that  prema- 
ture drying  out  somewhat  adversely  affected  the  strength  of   1 :9 

table:    no.  10 

A   Comparison  of  the  Effects  of  Fineness  of  Cement 

Consistency  Gradation  of  Aggregate,  anp  Time  of  Dry 

Mixing  on  the    Permeability  of  h  9    Concrete 

Moteriol»:-Univ6real    Portland   cement  {f,  in  spetlmene    numbered    below  295,   Pj  in    all    others);  Joneeville 

aana   (Sd,P   in    opecimene    rtum\>trti    below    3J5,  Sd„P    in     all    othere),   Janeeville    grovel   (GI.P). 
All    concrete    wa6    machine    mixed. 
All    epecimens    were    6  in,  thick. 

Specimens    were   cured    2  days    in    molds,  then    filled    with    water    and   sprinkled    twice    a   day   till  tested. 
A<;e   at   taet  wae   I  mo. 
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I 


mixes  but  did  not  injure  the  strength  of  the  1:1^4:3  mixes. 

Effect  of  Direction  of  Flow  on  Permeability.  Inasmuch  as  the 
larger  particles  of  stone  and  sand  flow  more  rapidly  toward  the 
bottom  of  a  wet  mix  than  do  the  fine  particles  of  sand  and  cement, 
there  is  a  tendency  for  the  formation  of  strata  of  stone,  sand  and 
cement.  Since  such  formations  must  decrease  the  homogeneity  of 
the  concrete,  and  since  many  constructions  must  withstand  water 
pressure  applied  perpendicular  to  the  direction  in  which  the  con- 
crete is  poured,  a  few  tests  were  made  to  compare  the  permea- 
bilities of  specimens  in  which  the  direction  of  flow  was  parallel 
to  the  bed  upon  which  they  were  cast   (the  horizontal)   with  the 
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T  ABL  t        NO    II 

Effect    of    Curing    Conditions   on  the 
Permeability    of     Concrete 

Materials- Un>v«r9ai  Portland  oemant  (F^  m  ftpACimanft  nomber««l  284*207,  f^  in  all  oth«r»),  Jan«sv>ll« 
s<ind(5d,P  in  specimerfft  numb«r*ad  204'3I5,  d^u^  in  tho*«  numbered  364-437,  S«I,}P  tn  all 
others).    Janeavill.    qr«v«l  (6l,P). 

AM  contrat*    was     machine    mixed. 

All    specimera    were    6  m.    thick 
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piecee     placed    m   a   halt    without    bein<)  filled    wtth    watar     dprmhlm^   waa   dona    with   a  ho«a    each 
morninq    and    evemnq    as   indic<>ted.    Artificial     dryinq    was    dccomplishad    by    placmi;  the    epeomana 
in   on     oven    ona    raisinq     the    tennperatur«    in    2  or   3  howra  to  about     170*F       In    drymq    speomene    340' 
34-3     the    temperature    once    ro^e  to    250*F   for  a  penod    of  aboi>t    ona   howr. 
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permeabilities  oi  PU  specimens  in  which  the  direction  of  flow  was 
normal  to  the  bed.  Table  13  contains  the  data  from  the  tests  thus 
far  made.  Before  making  comparisons  it  should  be  noted  that  the 
PUL  and  PUHC  specimens  were  not  given  so  good  curing  condi- 
tions as  the  PU  specimens ;  because,  in  spite  of  the  wet  cement  sacks 
wrapt  around  the  outside  of  the  former  specimens,  they  were  not 

TABLE      NO  12 


Effect   of    Loss   of  Weight    Due    to 
Curing    Conditions  on  the 
Permeability    of    Concrete 
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kept  as  uniformly  moist  as  the  latter.  Also  it  should  be  noted  that 
PUHC  1-5  were  only  4  in.  thick.  However,  making  due  allowance 
for  discrepancies  if  we  compare  specimens  PUL  3,  PUL  6, 
PUHC  1-3  with  PU  400-403,  it  appears  that  the  permeabilities  of 
the  1 :9  PUHC  and  PUL  specimens  of  wet  consistency  were  con- 
siderably greater  than  the  permeabilities  of  the  corresponding  PU 
specimens.     By  comparing  batches  108  with  57  and  109  with  95 
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it  will  be  seen  that  the  difference  between  the  rates  of  flow  of  the 
PUHC  and  PU  specimens  of  medium  consistency  was  not  so  great. 
The  large  influence  of  consistency  upon  the  permeability  of  1 :9 
concrete  is  well  brought  out  by  the  data  for  PUHC  8,  9,  10  and  12, 
For  the  l:lj4:3  mixes  the  PUL  specimens  had  a  greater  leak- 
age and  the  PUHC  specimens  a  smaller  rate  of  flow  than  the  PU 
specimens.    These  mixes  were  all,  however,  of  medium  consistency. 


table    nqi3 

Effect    of    Pirection   of  Flow    on     the 
Permeability  or    Concrete 

Matenals:-    Universal.    Portland      ciment(P.),     Janesvillt     sond    (Sd^P    in    spec  36^1-367,  43'>-'»37,  PUL  2-3  , 
Sd„P    in    PUHC  6-7,     Sd,P    m     spec   284-267  ;    Sd,jP    in    all    others),  and      Janesville    qravel(OI,PV 

All     concrete    was    machine     mixed    H  mm.  dry     <and .  1J4   mm.    wet     except      as     noted. 

All     PUHO     specimens    irom     1-5   inclusive     were    4  in.    thick,    all     other     PUHC    and     all     PU    and     PUL    spec, 
were     6  in     thick.    For     dimensions     and    form     of    specimens     see     Tiq.  5      and     6. 

Tor    methods     of    treatment      previous      to   testing,    see    parac^raph     on    curing 

All     specimens     were     tested     at  I  mo      except        PULH     which     was     subjected     to    pressure     at    6  doye 
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The  Relation  Between  Permcahility  and  Compressive  Strength. 
In  Fig.  19  have  been  plotted  the  permeabiHties  against  the  strengths 
for  the  concretes  of  medium  consistency  which  were  cured  by 
sprinkling.  The  results  found  in  Tables  9,  11  and  12  do  not 
appear  in  this  diagram.  Tf  concrete  which  leaks  less  than  0.0001 
gallon  per  square  foot  per  hour  under  40  lbs.  per  sq.  in.  pressure  be 
considered  impervious,  then  from  Fig.  19  it  appears  that  concretes 
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having  a  compressive  strength  above  2,500  lbs.  per  sq.  in.  may  be 
so  considered.  Since  the  use  of  a  too  dry  consistency  or  improper 
curing  conditions  very  seriously  affect  the  permeability  but  do 
not  markedly  influence  the  compressive  strength,  the  application 
of  the  above  conclusion  must  be  limited  to  properly  cured  concrete 
of  medium  consistency. 

Indications  That  Water  Floived  Through  the  "Dry"  Specimens. 
Since  in  these  tests  only  the  quantity  of  water  entering  the  speci- 

°     00020 


>  00018 

c 

^  Q00I6 

^  00014 
in 

S  000 1  a 

^  QOOIO 

c 

?■  00008 


1 1 1 1 

*  • 

I - I 

t  ; 


500 


1000  1500  2000  2500 

Ultimate      Compressive     Strength    in     Ity/in' 


Fiq  19  —  Relation     between    the    Gompre&sive    Stren<^th    and 
the   Permeabilitv     of     Well-Cured     Gravel     Concrete    of 
Medium      Consibtency 


men  was  measured  and  no  quantitative  measurements  of  the  amount 
passing  out  were  taken,  it  may  appear  that  for  specimens  showing 
no  evidences  of  leakage  the  rate  of  absorption  rather  than  the 
permeability  was  determined.  It  must  be  borne  in  mind,  however, 
that  specimens  normally  cured  were  filled  with  water  for  about  a 
month  previous  to  testing,  that  their  outsides  were  encased  with 
a  tight  mortar  shell  which  was  swathed  in  wet  cement  sacks,  and 
that  the  bottoms  of  the  specimens  rested  on  a  cement  floor  which 
was  always  damp.  Consi'((uently,  for  specimens  thus  cured,  it  is 
a  fair  assumption  that  most  of  the  absorption  liad  taken  place  be- 
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fore  the  permeability  test  began.  From  the  shapes  of  the  leakage- 
time  curves  it  seems  probable  that  the  remaining  empty  pores  were 
filled  during  the  first  ten  or  twenty  hours  of  the  test. 

Next  consider  the  possibility  of  the  quantity  of  water  entering 
the  specimens  disappearing  from  the  bottoms  due  to  evaporation. 
With  a  humidity  of  75%  the  maximum  observed  flow  into 
any  "dry"  specimen  for  a  fifty-hour  period  was  approximately 
0.0015  gallon  per  square  foot  per  hour.  From  experiments  one 
drop  was  found  to  be  equivalent  to  about  0.00003  gallon.  Therefore 
the  above  rate  is  equal  to  fifty  drops  per  square  foot  per  hour. 
From  experiments  on  flat  pieces  of  concrete  moistened  with  an 
atomizer  the  rate  of  evaporation  at  a  humidity  of  70%  averaged 
0.0017  gallon  per  square  foot  per  hour  when  the  specimens  appeared 
dry.  The  possibility  of  the  disappearance  of  the  percolating  water 
due  to  evaporation  is  therefore  established.  The  minimum  flow 
for  a  fifty-hour  period  furnishing  visible  indication  of  leakage  was 
0.00011  gallon  per  square  foot  per  hour  at  a  humidity  of  89%. 

Again  consider  the  continuous  flow  from  the  specimens  run 
for  two  or  three  weeks,  see  Fig.  20;  the  evidence  furnished  by 
the  shapes  of  the  leakage-time  curves  points  to  flow  through  the 
specimens. 

Another  proof  of  the  masking  effect  due  to  variations  in 
humidity  and  consequent  rate  of  evaporation  is  furnished  by  the 
tests  made  on  specimens  PU  288-291.  These  were  made  and  cured 
like  batch  68  except  that  they  were  tempered  with  9.0%  water 
in  mixing.  At  an  age  of  56  days  specimens  PU  288  and  289  were 
placed  on  beds  of  calcium  chloride  for  a  period  of  87  hours.  They 
were  then  placed  in  tubs  containing  about  1  in.  of  water  for  a 
period  of  346  hours.  The  tests  of  specimens  PU  290  and  291  were 
made  under  the  reverse  conditions  for  the  same  time  intervals. 
From  the  slopes  of  the  tangents  to  the  leakage-time  curves  in  the 
lower  portion  of  Fig.  20  it  is  found  that  the  average  rate  of  flow  of 
specimens  PU  288  and  289  decreased  from  0.00020  to  0.00011 
gallon  per  square  foot  per  hour  when  the  bedment  of  the  specimens 
was  changed  from  calcium  chloride  to  water.  On  the  other  hand 
the  average  rate  of  flow  for  specimens  PU  290  and  291  increased 
from  0.00012  to  0.00016  gallon  per  square  foot  per  hour  due  to 
the  reverse  treatment. 

From  what  has  preceded  it  is  evident  that  the  rate  of  flow 
increases  with  the  dryness  of  the  atmosphere  to  which  the  specimens 
arc  exposed,  but  that  the  chance  of  detecting  leakage  by  the  eye 
becomes  less  as  the  huiiiicb'ty  decreases. 

SUMM.ARY. 

I'roni  these  tests  the  following  conclusions  applicable  to  con- 
crete made  of  like  materials  may  be  drawn. 

1.     None  of  the  concretes  tested  were  absolutely  watertight 
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if  we  consider  continuous  flow  into  the  specimen  as  proof  of 
permeability,  but  the  majority  of  the  mixes  were  so  impervious 
that  no  visible  evidence  of  flow  appeared.  For  most  purposes  such 
mixes  can  be  considered  watertight. 

2.  The  visibility  of  dampness  on  the  bottom  of  the  specimens 
increased  with  the  humidity  of  the  air  and  the  non-homogeneity  of 
the  concrete.  The  minimum  rate  of  flow  for  which  leakage  was 
indicated  was  0.00011  gallon  per  square  foot  per  hour. 

3.  In  tests  of  nearly  all, of  the  properly  made  mixes  of  1:7 
proportions,  or  richer,  the  rate  of  flow  for  a  fifty-hour  period  was 
less  than  0.0001  gallon  per  square  foot  per  hour  under  a  pressure 
of  40  lbs.  per  sq.  in. 

4.  Through  increasing  the  fineness  of  the  cement  a  reduction 
in  the  rate  of  flow  and  a  considerable  increase  in  the  strength  of 
a  1 :9  mix  were  secured.  ■ 

5.  By  grading  the  sand  and  gravel  in  accordance  with  Fuller's 
curve  it  was  possible  to  obtain  practically  watertight  concrete  of 
1 :9  proportions  under  pressures  less  than  40  lbs.  per  sq.  in.  To 
secure  such  results,  however,  requires  great  care  and  careful  super- 
vision in  mixing,  in  determining  the  proper  consistency,  in  placing, 
and  in  curing  the  concrete. 

6.  In  the  proportioning  of  such  materials  as  these,  volumetric 
analysis  coupled  v/ith  a  determination  of  the  density  and  air  voids 
yields  very  valuable  information  concerning  the  best  proportions 
of  sand  and  gravel  for  a  given  proportion  of  cement.  If  propor- 
tions must  be  selected  arbitrarily  a  1 :1^4  :3  mix,  by  volume,  is  very 
impervious.  It  should  be  remembered,  however,  that  the  volume 
changes  in  rich  mixes  due  to  alternate  wetting  and  drying  are  much 
greater  than  for  lean  mixtures.  Consequently  due  attention  must 
be  given  to  the  provision  of  expansion  joints  and  reinforcement  in 
structures  made  of  them. 

7.  The  use  of  the  proper  amount  of  water  necessary  to  pro- 
duce a  medium  or  mushy  consistency  is  one  of  the  most  important 
conditions  in  securing  impervious  concrete,  especially  when  lean 
mixtures  are  used.  Dry  mixtures  cannot  be  sufficiently  compacted 
in  the  molds  and  are  more  difficult  to  cure  properly  than  the  mushy 
mixtures.  Although  the  use  of  a  wet  consistency  does  not  material- 
ly afifect  the  imperviousness  of  very  rich  mixeB,  such  as  1 :15^  :3,  it 
greatly  increases  the  flow  through  a  lean  mix. 

8.  For  lean  mixes  made  from  damp  sand  it  seems  advisable 
to  mix  longer  than  is  now  common  practice.  These  tests  would 
indicate  that  for  a  mixer  running  at  30  r.  p.  m.,  a  period  of  one 
and  one-half  to  two  minutes  is  required  to  secure  thorough  mixing 
of  a  1:9  concrete.  For  a  rich  1:1^^:3  mix  a  one-minute  period 
appears  to  be  sufficient.  The  method  of  mixing  in  which  water 
is  first  admitted  to  the  mixer  is  to  be  condemned.  A  preliminary 
period  of  dry  mixing  lasting  from  15  to  30  seconds  seems  desirable. 
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9.  No  stage  or  process  in  the  making  of  impervious  concrete 
is  of  more  importance  than  curing.  The  results  of  these  tests  clear- 
ly demonstrate  that  premature  drying  destroys  the  imperviousness 
of  1 :9  mixes,  seriously  impairs  that  of  the  1 :2 :4  mixes  and  some- 
what diminishes  that  of  the  1  rlj^  :3  mixes.  For  thin  sections,  not 
over  six  or  eight  inches  thick,  the  curing  conditions  should  be  such 
that  a  lean  concrete  will  be  kept  damp  for  a  period  of  one  month 
and  a  rich  concrete  for  at  least  two  weeks.  Even  after  a  month 
of  proper  curing,  complete  desiccation  of  a  lean  mix  composed  of 
these  materials  produces  an  increase  in  permeability,  but  the  effect 
on  a  rich  mix  is  not  marked. 

10.  In  these  tests  the  imperviousness  of  the  concrete  increased 
rapidly  with  the  age  of  the  specimens  for  the  first  month ;  there- 
after the  change  was  not  marked. 

11.  From  the  tests  thus  far  made  il  seems  probable  that  the 
permeability  of  lean  concrete  in  a  direction  normal  to  the  pouring 
is  greater  than  in  the  direction  of  pouring. 

Credit  for  painstaking  effort  in  making  and  testing  the  speci- 
mens is  due  John  INTiller,  Laboratory  Assistant.  For  helping  in  the 
preparation  of  this  report  acknowledgment  is  made  to  S.  D. 
Wonders,  F.  D.  Bickel,  W.  P.  Bloecher,  and  O.  A.  Bailey,  students 
in  civil  engineering.  Many  valuable  suggestions  have  been  re- 
ceived from  E.  R.  Maurer,  Professor  of  Mechanics ;  C.  W.  Boyn- 
ton,  Inspecting  Engineer  of  the  Universal  Portland  Cement  Com- 
pany, and  F.  H.  Oakes,  Assistant  Engineer  with  the  same  firm.  The 
Universal  Portland  Cement  Company  donated  materials  for  the 
experiments. 

Discussion 

President  Lee:  I  was  employed  on  one  of  the  early  pieces  of 
concrete  construction  in  Chicago.  At  that  time  the  literature  on 
the  subject  of  concrete  was  limited,  and  I  remember  there  was 
considerable  discussion  of  the  question  as  to  whether  crushed  stone 
should  be  screened  to  free  it  of  dust.  There  was  a  battle  on  between 
the  advocates  of  the  wet  mix  and  the  advocates  of  the  dry  mix. 
and  for  a  considerable  length  of  time  the  battle  consisted  largely 
of  words.     Such  {|uestions  arc  now  pretty  well  settled. 

We  have  with  us  tonight  members  who  are  prepared.  I  am 
sure,  to  discuss  the  paper.  I  will  ask  Mr.  Finley.  one  of  our  past 
presidents,  to  open  the  discussion,  as  he  is  particularly  well  fitted 
to  give  us  an  idea  or  two. 

]V.  H.  Finley,  m.  w.  s.  e.  :  I  am  sorry  there  are  not  some  other 
past  presidents  here  tonight,  not  only  for  the  help  they  would 
give  us.  but  for  the  information  they  might  receive  from  listening 
to  the  presentation  of  the  paper. 

I  cannot  do  much  more  than  express  my  appreciation  of  this 
paper.  T  certainly  endorse  the  author's  conclusions.  The  develop- 
ment of  concrete  construction  has  been  extremely  rapid,  and  papers 
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of  this  kind,  showing  results  of  careful  experiments,  will  reinforce 
some  of  the  ideas  we  have  always  held  about  concrete.  I  was 
particularly  impressed,  on  a  recent  trip  through  the  East,  with  the 
improved  character  of  concrete  work  as  compared  with  work  done 
ten  years  ago,  due  no  doubt  to  just  such  experiments  as  have  been 
illustrated  here  tonight. 

I  am  satisfied  that  all  engineers  engaged  in  concrete  construc- 
tion have  known  for  years  that  they  could  make  practically  im- 
pervious concrete  by  using  the  proper  methods.  Unfortunately, 
however,  concrete  cracks  have  occurred  from  expansion,  contraction, 
and  internal  stresses.  Where  leakage  would  be  objectionable  I 
think  it  is  necessary  to  waterproof  the  structure.  There  are  a  num- 
ber of  compounds  on  the  market,  which  would  make  practically  im- 
pervious concrete,  but  if  cracks  develop  in  the  concrete  the  com- 
pound does  not  prevent  the  seepage  of  water.  On  track  elevation 
work,  where  expansion  joints  were  provided  every  30  ft.,  I  have 
seen  cracks  within  1^  ft.  of  the  expansion  joint. 

/.  H.  Libberton,  Assoc,  w.  s.  e.  :  Although  covering  particularly 
the  permeability  of  concrete,  Professor  Withey  has  emphasized  a 
number  of  other  points  of  considerable  importance.  For  instance, 
the  wonderful  increase  in  strength  of  the  specimens  which  were 
sprinkled,  over  those  which  were  allowed  to  stand  in  the  open,  is  to 
be  noted.  Not  only  was  the  permeability  seriously  decreased  in  the 
specimens  which  were  sprinkled,  but  the  strength  was  so  increased 
as  to  indicate  that  proper  curing  of  concrete  specimens  is  of  para- 
mount importance.  So  far  as  permeability  itself  is  concerned,  Pro- 
fessor Withey  has  shown  conclusively  that  the  proportioning  of 
aggregate  is  by  far  the  most  satisfactory  method  of  waterproofing. 
For  some  time,  various  authorities  have  insisted  that  the  best  water- 
proofing is  care  and  cement ;  from  the  results  it  would  seem  that 
this  conclusion  is  well  founded,  particularly  when  the  principles  of 
careful  proportioning  are  followed. 

E.  B.  Wilson,  m.  w.  s.  e.  :  I  will  give  a  little  outline  of  some 
tests  of  waterproofing  compounds  conducted  under  the  writer's  at- 
tention about  a  year  ago. 

We,  the  American  Bureau  of  Inspection  &  Tests,  had  occasion 
to  look  into  the  testing  of  waterproofing  for  the  floors  of  a  garage. 
The  building,  which  was  a  stable  with  wooden  floors  laid  on  top  of 
brick  arches,  was  abut  100  ft.  by  400  ft.  and  four  stories  high.  The 
idea  was  to  replace  the  wooden  floors  with  concrete  in  such  a  man- 
ner as  to  prevent  leakage  when  washing  the  automobiles.  The  only 
idea  in  these  tests  was  to  investigate  the  water-resisting  qualities 
of  certain  mixes  of  concrete  with  and  without  the  addition  of  water- 
proofing compounds,  including  clay.  The  matter  of  leakage  through 
contraction  cracks,  etc.,  was  not  given  attention.  Following  is  the 
report,  with  a  few  revisions,  as  rendered  to  our  client : 

"The  permeability  and  crushing  test  specimens  were   all 

made  to  conform  as  nearly  as  possible  to  conditions  found  in 
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the  actual  practice  of  laying  concrete  floors  under  specifica- 
tions similar  to  those  formulated  for  the  work. 

"The  specified  mix  for  the  base  of  the  floors  was  1  part 
cement,  1^  parts  sand,  and  3  parts  crushed  stone.  The  base 
concrete  used  in  test  specimens  was  1  part  cement,  2}^  parts 
sand,  and  5  parts  crushed  stone.  The  topping,  instead  of  be- 
ing 1  part  cement,  }i  parts  sand,  and  ^  parts  of  crushed  gran- 
ite, per  specifications,  was  made  1 :1 :1. 

"The  penetrations  of  the  toppings  through  absorption  and 
hydrostatic  pressure  combined  were  so  slight  in  the  permeabil- 
ity tests  that  further  tests  for  absorption  were  considered  un- 
necessary. 

PERMEABILITY  TESTS  OF  WATERPROOFED  CONCRETES. 

"All  permeability  specimens  were  8  in.  square  and  3  in. 
thick.  The  base  was  2j4  in.  thick  and  was  formed  of  concrete 
made  of  1  part  cement,  2j^  parts  torpedo  sand,  and  5  parts 
34  in.  to  1  in.  crushed  limestone.  The  topping  was  ^  in.  thick 
and  was  made  of  1  part  cement,  1  part  torpedo  sand,  and  1  part 
^  in.  crushed  granite  (no  dust).  All  mixes  were  of  quaking 
consistency  except  No.  1  (the  only  one  in  which  an  iron  dust 
floor  hardener  was  used),  which  was  made  and  placed  quite 
dry  by  a  representative  of  the  manufacturer  of  the  hardener; 
all  other  mixing  and  finishing  was  done  by  an  experienced  floor 
finisher.  Universal  cement  (Lot  1737)  was  used  throughout, 
except  a  different  cement  was  used  in  test  No.  4. 

"The  specimens  were  soaked  twice  a  day  for  four  days 
and  were  stored  in  ordinary  atmosphere  for  the  entire  period. 
May  12th  to  16th,  1913,  until  beginning  of  tests,  Sept.  19th. 
1913. 

"The  top  surface  (granite  topping)  of  each  specimen  was 
given  a  coat  of  tar  paint  with  the  exception  of  a  space  5  in. 
in  diameter  in  the  center  left  clear  for  the  application  of  pres- 
sure. 

"The  specimens  were  mounted  on  cast  iron  flanges  lyi 
in.  thick,  12^^^  in.  outside  diameter  and  5j/2  in.  inside  diameter. 
The  untreated  5  in.  circular  space  on  the  top  of  the  block  was 
centered  on  the  S]/-  in.  hole  in  the  casting.  The  hole  in  the 
casting  was  reduced  to  ^2  in.  and  connected  with  the  pressure 
line.  A  mixture  of  1  part  hot  pitch  and  2  parts  fine  sand  was 
used  as  a  seal  between  the  contact  surfaces  of  the  specimen 
and  the  casting. 

"The  apparatus  used  and  the  method  employed  for  ap- 
plying the  hydrostatic  pressure  was  similar  to  that  described 
in  Technologic  Papers  No.  3  of  the  U.  S.  Bureau  of  Standards, 
with  the  exception  that  the  specimens  were  so  mounted  in  iron 
rings  that  the  moisture  coming  through  coidd  be  accumulated 
and  the  surface  of  the  blocks  covcrccl  to  eliminate,  as  far  as 
possible,  any  evaporation  of  the  water  passing  through. 
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CONCLUSIONS 

Results  in  general  on  these  compounds,  including  the  plain 
mixture  and  mixtures  in  which  clay  was  used  and  excluding  "pow- 
der No.  4,"  do  not  in  my  opinion  warrant  the  selection  of  any  one 
over  the  others.  The  plain  5%  clay  and  10%  clay  averaged  fully  as 
well  as  the  special  compounds.  Liquid  No.  3  gave  somewhat  lower 
tensile  results  than  the  average,  but  on  the  other  hand  it  gave  the 
highest  individual  compression  results  of  any  of  the  specimens 
crushed. 

These  tests,  while  quite  limited  in  scope,  seemed  to  bear  out 
the  contention  that  good  workmanship  and  proper  cement  and  ag- 
gregates are  the  chief  requisites  for  making  a  waterproof  concrete. 

F.  E.  Davidson,  m.  w.  s.  e.  :  The  paper  presented  this  evening 
is  one  of  the  most  interesting  papers  I  have  had  the  pleasure  of 
following  for  sometime,  and  I  have  listened  to  the  discussion  with 
much  pleasure. 

I  would  like  to  know  whether  or  not  the  University  expects 
to  make  some  further  tests  using  other  brands  of  cement.  I  take 
it  that  the  Universal  Portland  Cement  Co.  is  back  of  these  tests, 
and  in  this  connection  I  will  refer  to  a  statement  I  made  on  this 
floor  some  three  years  ago,  to  the  effect  that  I  could  not  conceive 
of  any  greater  work  that  the  great  corporations  could  do  than  to 
assist  the  state  universities  and  experimental  stations  in  making  tests 
along  the  lines  outlined  by  the  paper  tonight. 

My  own  experience  with  Universal  Portland  cement  leads  me 
to  believe  that  it  will  act  somewhat  differently  under  certain  con- 
ditions than  other  well-known  brands  of  cement.  In  this  connection 
I  will  call  attention  to  an  experience  I  had  with  waterproofing 
some  months  ago.  I  designed  a  building,  the  roof  of  which  was  to 
act  as  a  storage  yard  for  pig  iron  for  a  foundry,  and  was  to  carry 
a  live  load  of  1,500  lb.  per  sq.  ft.  It  was  evidently  impossible  to 
put  on  any  one  of  the  usual  kinds  of  roofing,  and  it  became  neces- 
sary to  use  concrete  that  was  waterproofed.  We  used  for  1^<  in. 
wearing  surface  a  1  to  2  mix  of  Portland  cement  and  aggregate.  The 
aggregate  was  composed  of  1>4  parts  of  screened  granite  screenings, 
and  y^  part  of  torpedo  sand,  to  which  a  small  amount  of  ironite 
was  added.  The  first  winter  no  difficulty  was  experienced.  How- 
ever, the  unequal  loading  on  the  column  footings,  due  to  the  heavy 
pig  iron,  caused  an  unequal  settlement,  with  the  result  that  cracking 
occurred  in  the  concrete  over  the  girders.  These  cracks  were  wa- 
terproofed by  using  a  grout  composed  of  Portland  cement,  fine  sand, 
and  ironite. 

A  problem  which  is.  I  believe,  of  more  importance  to  the  engi- 
neering and  architectural  professions  at  the  present  time  than  that 
of  the  permeability  of  concrete,  is  the  problem  of  preventing  the 
dusting  of  the  wearing  surface  of  concrete  floors.  I  have  discussed 
this  matter  with  various  engineers  who  have  had  experience  in 
building  work  where  the  floors  were  not  in  the  immediate  presence 

November,  1914 


I 


858  Discussion — Tests  on  Gravel  Concrete 

of  moisture,  and  we  earnestly*  hope  that  some  university  or  some 
engineer  will  very  soon  be  in  a  position  to  offer  some  method  to 
overcome  this  difficulty. 

Professor  Withey:  In  reply  to  Mr.  Davidson,  I  will  say  that 
there  will  be  several  other  brands  of  Portland  cement  used  in  these 
permeability  tests.  We  have  no  intention  of  narrowing  our  in- 
vestigation to  the  results  which  would  be  obtained  from  one  brand. 
I  wish  to  state  that  the  Universal  Portland  Cement  Co.  has  been 
very  liberal  in  furnishing  materials  for  this  investigation  and  has 
agreed  that  the  University  shall  have  the  right  to  the  publication  of 
the  results. 

I  should  also  like  to  call  attention  to  the  small  effect  of  long 
storage  of  the  cement  in  our  air-tight,  galvanized  iron  bins.  This 
is  well  brought  out  by  a  consideration  of  the  results  in  Table  No.  1. 
It  will  be  observed  that  after  a  period  of  two  years  a  difference  in 
water  strength  of  this  cement  was  very  slight. 
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H.  E.  Goldberg,  m.  w.  s.  e. 
Presented  October  5,   1914. 

HISTORICAL. 

The  first  arithmetical  machine  was  invented,  as  far  as  I  know, 
by  Blaise  Pascal,  about  1641.  Pascal,  you  will  recall,  was  the  won- 
derful Frenchman,  who  at  the  age  of  sixteen  discovered  the  theorem 
in  conic  sections  called  Pascal's  Hexagram.  He  was  not  only 
one  of  the  foremost  mathematicians  of  his  day,  but  also  excelled 
in  mechanics.  At  the  age  of  nineteen  he  produced  the  first  machine 
with  mechanical  means  for  the  carrying  of  the  tens.  Immediately 
the  field  of  calculating  machines  became  fertile  ground,  and  many 
inventors  cultivated  it. 

The  next  notable  production  was  by  Leibnitz,  about  1671.  He 
built  several  multiplying  and  dividing  machines,  and  a  good  descrip- 
tion of  one,  constructed  about  1700, — the  first  in  which  a  multi- 
plicand could  be  set  up  and  preserved  during  the  process  of  multi- 
plication,— is  available.  But  this  machine  was  never  put  on  the 
market.  In  some  of  its  features  it  resembled  the  Thomas  machine 
of  later  years,  which  was  a  well-designed  and  well-constructed  mul- 
tiplying and  dividing  machine  built  by  Thomas  and  marketed  in 
Europe  about  1820,  and  which  is  still  in  use. 

Up  to  that  time  inventors  had  been  modest  and  were  satisfied 
with  making  simply  multiplying  and  dividing  machines,  but  about 
l825  Charlels  Babbage  of  England  became  bolder,  and  built  a  dif- 
ference engine.  Let  me  recall  to  you  that  the  series  of  integral 
values  of  any  rational  algebraic  polynomial  can  be  calculated  by 
the  method  of  differences.  This  is  shown  in  algebra.  It  is  true 
that  many  other  functions,  for  instance  logarithms,  can  be  cal- 
culated by  the  same  method  of  differences.  The  method  will  not 
apply  throughout  the  whole  series  of  logarithms  but  does  apply 
with  sufficient  accuracy  for  a  group  of  a  large  number  of  consecu- 
tive terms.  Thereafter  a  new  start  is  made  for  another  group. 
Babbage  invented  his  machine  intending  originally  to  apply  it  to 
the  calculation  of  logarithms,  as  well  as  to  the  calculation  of  all 
so.rts  of  nautical  and  astronomical  tables.  When  he  was  about  half 
through  with  his  first  or  dift'erence  machine  he  decided  that  it  was 
not  good  enough,  and  invented  what  he  called  the  analytical  engine 
— a  calculating  machine  that  could  compute  any  arithmetical  re- 
sults that  could  be  computed  by  a  human  being.  For  instance,  it 
would  extract  square  root,  cube  root,  solve  equations  by  Horner's 
process,  and  so  on.  However,  this  machine  was  never  built.  The 
principle  on  which  it  defended  was  similar  to  that  of  the  Jacquard 
loom.  Many  of  you  have  doubtless  seen,  say  at  Riverview  Park,  a 
machine,  controlled  by  a  series  of  cards  pierced  with  holes,  which 
weaves  a  portrait,  say  of  George  Washington.     Babbage  proposed 
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to  juggle  with  numbers  in  the  same  manner  as  the  Jacquard  loom 
juggles  with  threads.  It  was  a  most  ambitious  project,  but  was  not 
fulfilled.  I  have  read  his  book  and  studied  some  of  his  mechanisms. 
They  are  not  as  simple  as  they  might  be.  Babbage  claims,  incidentally, 
that  to  meet  the  necessities  of  his  work,  he  was  the  first  to  graduate 
the  screws  of  the  slide  rests  of  his  lathes.  He  spent  a  considerable 
sum  of  money  advanced  him  by  the  Government  of  England,  as 
well  as  his  own  fortune,  without  completing  any  machine. 

Another  commercial  advance  we  find  in  about  1878,  when  the 
Russian,  Ohdner,  put  on  the  market  the  machine  that  is  now  called 
the  Brunsviga,  and  is  also  marketed  under  the  names  of  the  Alarch- 
and,  the  Thales,  the  Triumphator,'  the  Teitzgen,  etc. 

In  this  country,  I  believe  the  first  patent  on  calculating  machines 
issued  by  the  Patent  Ofiice  was  to  O.  L.  Castle,  of  Alton,  111., 
about  1850.  It  was  for  a  ten-key  adding  machine,  which  did  not 
print.  It  added  in  only  one  decimal  column,  helping  a  bookkeeper 
to  add  up,  say,  the  units  column  of  a  long  account.  It  could  then 
be  used  for  the  tens,  and  so  on.  We  find,  quite  early,  key  machines 
having  a  keyboard  like  the  present  Burroughs  keyboard,  namely  81 
keys.  Riggs,  in  America,  shows  such  a  machine  about  1854.  It  is 
astounding  how  early  some  ambitious  projects  were  launched.  For 
instance,  in  1871  we  find  that  Teasdale  invented  a  machine  for 
multiplication.  Suppose  it  were  desired  to  multiply  4892  by  7926. 
Put  the  multiplicand  and  multiplier  in  the  machine,  turn  the  crank, 
and,  presto,  there  is  your  answer!  No  such  machine  has  yet  been 
put  on  the  market,  although  attempts  have  been  made  in  that  direc- 
tion. About  1888  the  first  Burroughs  machine,  which  both  added 
and  printed,  appeared  on  the  market.  It  was  quite  unlike  the  pres- 
ent type,  which  dates  from  about  1893.  In  1888,  we  find  the  first 
typewriter  attachment,  invented  by  Ludlum.  The  Duplex  Compto- 
meter, invented  by  Dorr  E.  Felt,  was  put  on  the  market  about  eight 
years  ago. 

Many  patents  on  calculating  machines  have  been  issued  by  the 
Patent  Office.  I  once  ordered  copies  of  only  a  portion  of  the  num- 
ber issued,  intending  to  read  them,  but  when  I  saw  what  a  large 
number  there  are,  I  realized  that  I  would  probably  die  of  old  age 
before  I  completed  reading  them,  lender  the  circumstances,  it  will 
therefore  be  impossible  for  me  to  refer  to  any  more  than  a  few 
of  the  mechanisms  described.  Moreover,  for  the  purjiose  of  con- 
venience, the  sketches  which  I  have  made  are  diagrammatic,  and 
follow  no  particular  machine,  so  that  if  any  machine  representative 
should  think  I  have  done  him  an  injustice,  let  him  remember  that 
his  machine  is  diflFerent. 

MECHANICAL. 

ADDING    MACHINES, 

Following  is  an  attempt  to  describe  some  of  the  mechanisms  by 
means  of  which  addition  is  accomplished.  Our  system  of  numera- 
tion is  a  decimal  system.  We  count  in  cycles  of  ten.  .After  reaching 
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ten,  we  start  again  to  twenty,  then  to  thirty,  and  so  on.  Of  course, 
we  have  exceptions,  namely  eleven,  twelve  and  thirteen.  Logically, 
however,  we  should  say  ten-one,  ten-two,  and  ten--three.  While 
we  are  able  to  twist  ourselves  and  our  minds  into  all  sorts  of  knots, 
mechanism  refuses  to  be  so  accommodating,  and  in  a  decimal 
mechanism  eleven  is  always  ten-one  and  nothing  else.  We  find  that 
almost  all  arithmetical  machines  represent  the  number  by  mechanical 
cycles  corresponding  to  ten,  namely,  totalizer  wheels  each  provided 
with  teeth  some  multiple  of  ten ;  for  instance,  the  wheels  have 
ten  teeth,  twenty  teeth,  thirty  teeth,  etc.  (Let  me  state  here  that 
arithmetical  machines  calculating  with  Arabic  numerals  have  bee«i 
made  without  the  numbers  being  represented  on  wheels.  In  fact, 
one  machine,  Mr.  Bricken's,  has  no  wheels  whatever.)  In  totalizers 
where  the  number  is  supposed  to  be  read  off  by  the  operator,  it  is 
customary  to  supply  the  wheels  with  the  digits  0,  1,  2,  3,  4,  5,  6, 
7,  8,  and  9.  In  machines  where  the  number  on  the  wheels  is  not 
read  by  the  operator,  the  digits  are  not  supplied.  For  instance, 
the  Burroughs  has  digits  on  its  totalizer  while  the  Dalton  has  not. 
What  means  are  used  in  putting  a  number  into  an  arithmetical 
machine? 

DIRECT    NUMBER    INSERTION. 

Some  machines,  for  instance  the  Triumph,  are  nothing  but 
big  totalizers ;  the  totalizer  wheels  are  so  large  that  the  operator 
has  room  enough  to  place  his  fingers  through  a  window  into  the 
spaces  between  the  teeth  of  the  wheels.  The  machine  is  furnished 
with  dials  indicating  where  the  operator  is  to  place  his  finger  for  a 
1,  for  a  2,  etc.  After  properly  locating  the  finger,  the  operator  pulls 
it  down  as  far  as  it  will  go,  that  is,  until  he  strikes  the  bottom  of  the 
window.  He  thus  rotates  the  engaged  totalizer  wheel  one  step,  two 
steps,  or  any  number  that  he  desires.  This  is  certainly  the  most 
direct  method  and  was  the  one  used  by  Pascal  in  164L  Certain 
miniature  machines  working  on  the  same  principle  have  been  built, 
but  instead  of  using  the  finger,  a  pencil  or  sharp  steel  point  called' 
a  stylus  is  placed  through  the  window  between  the  teeth  of  the 
wheels.  Among  the  latter  machines  are  the  Arithstyle,  the  Rapid, 
and  the  Gem. 

Let  us  put  the  number  132  into  the  machine.  We  place  the 
finger  in  the  1  location  of  the  hundreds  wheel,  and  pull  down.  We 
then  put  the  finger  in  the  3  place  of  the  tens  wheel,  and  pull  down. 
And  so  on.  The  capacity  of  the  machine  is,  of  course,  determined 
by  the  number  of  totalizer  wheels,  of  which  I  have  represented  only 
two. 

Carrying  Mechmiism:  Each  totalizer  wheel  is  supplied  some- 
where on  its  circumference  with  a  variation  which  mechanically 
determines  the  location  of  the  carrying  point  and  which  arithmeti- 
cally corresponds  to  the  0.  The  first  step  away  from  the  0  is  1,  both 
mechanically  and  arithmetically,  the  second  step,  2,  and  so  on.  This 
variation  on  the  totalizer  wheel  is  ordinarily  a  projection  like  a 
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pin,  as  in  the  Wahl,  the  Burroughs,  the  Brunsviga,  and  other  ma- 
chines. On  the  other  hand,  it  may  be,  instead,  a  drop  or  fall,  or  a 
cut,  as  in  the  Howieson  and  other  machines.  Of  the  various  carry- 
ing mechanisms  possible  I  will  now  explain  the  principle  of  the  one 
illustrated  in  Figs.  1  and  2.  Something  similar  is  used  in  the  Wahl 
machine. 

In  the  totalizer,  there  are  two  sets  of  gears,  the  totalizer  gears 
proper  T,  and  the  intermediate  wheels  B.  Each  totalizer  wheel 
has,  as  shown  in  Fig.  1,  forty  teeth  and  a  projection  P  to  the  left 
for  each  ten  teeth.  The  number  of  teeth  upon  the  intermediate 
wheels  is  of  no  importance.  If  one  of  the  wheels  T  be  rotated, 
then  in  due  time  its  carrying  projection  P  will  engage  the  co- 
operating wheel  B,  which  will  be  turned,  and  which  will  thus  turn 
one  step  the  next  higher  wheel  .T  to  the  left. 

Let  us  mentally  add  the  numbers  132  and  654.     (Fig.  3,  Ex.  1.) 


Brunsviga  Machine. 

We  start  from  the  units  and  say  2  and  4  are  6 ;  3  and  5  are  8 ; 
1  and  6  are  7.  The  answer  is  786.  In  this  particular  example 
no  carrying  of  the  tens  occurred.  The  process  that  did  occur 
seems  to  have  no  universally  accepted  name,  and  I  will  term  it 
accumulation.  Take  another  example.  (Fig.  3,  Ex.  2.)  Add 
9999  and  1.  Again  starting  from  the  units  decimal  place,  we  say 
9  and  1  are  10,  put  down  0  and  carry  1.  We  then  go  on,  and 
in  the  tens  decimal  ])lace  say  9  and  the  carried  1  are  10;  j)ut  0  down 
and  carry  1.  In  the  hundreds  again,  9  and  the  carried  1  are  10; 
put  down  0,  carry  1  ;  and  so  on  to  the  end.  where  we  ]nit  down  the 
last  carried  1.  The  addition  of  the  numbers  9999  and  1  requires 
practically  nothing  but  tens-carrying.  Let  us  take  still  another  ex- 
ample. (Fig.  3,  Ex.  3.)  Let  the  two  numbers  to  be  added  be 
9999  and  9999.  We  say  in  the  units  place,  9  and  9  are  18;  put 
down  8,  carry  1 ;  and  so  on.  We  see  that  in  every  decimal  place 
from   the  units  on   there  occurs  both   accunuilation   and   carrying. 
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No  new  process  is  discovered.  It  will  be  found  that  addition  is 
composed  of  only  these  two,  namely  accumulation  and  carrying. 
Let  us  refer  again  to  the  third  example.  In  the  units  place  we 
say,  9  and  9  are  18;  put  down  8  and  carry  1.  In  the  tens  place  we 
say,  9  and  9  and  the  carried  1  are  19 ;  put  down  9  and  carry  1 ; 
and  so  on  to  the  end.  Let  me  call  to  your  attention  that  in  this 
process  we  first  accumulate,  then  tens-carry,  then  again  accumulate, 
then  again  tens-carry,  and  so  alternate  one  with  the  other  to  the  end. 


ia-H 


CiC 


7 
8 

I 
3  J 


Fig.  I 


Fig.  2 


That  is,  both  the  accumulation  and  the  carrying  are  successive ;  each 
follows  the  other,  and  only  one  is  done  at  a  time. 

On  account  of  the  limitation  of  the  human  mind,  we  in  school 
are  taught  to  add  by  doing  one  thing  at  a  time.  In  addition  as 
shown  above,  we  accumulate  and  tens-carry  singly  and  successively. 
The  Wahl  totalizer,  however,  is  not  so  limited.  It  carries  in  all  the 
decimal  places  simultaneously,  but  accumulates  in  only  one  decimal 
place  at  one  time,  that  is,  successively. 


Ex.2 

9999 

1 

B 
9999 
9999 
19998 

:x.3 

9999 
9 

10000 

16  999 
9 

Ex.-I 

19899 
9 

IJ2 
654. 

19989 
9 

786 


19998 


Fig.  3 


Now  consider  the  third  example  from  the  standpoint  of  this 
totalizer.  The  totalizer  is  supposed  to  have  already  absorbed  the 
first  number,  9999,  and  the  following  description  of  the  operation 
deals  with  the  process  of  absorbing  and  digesting  the  second  num- 
ber: 

First,  the  totalizer  receives  (as  before  described)  the  9  of  the 
thousands  place.  This  immediately  mixes  with  the  contents  al- 
ready in  its  stomach,  namely,  the  first  number.     The  bite  is  simul- 
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taneously  digested,  and  the  result  is  18999.  A  second  bite  is  taken, 
and  digested  during  the  swallowing.  The  result  is  19899.  The  9 
in  the  tens  place  is  swallowed,  and  the  result  is  19989;  and  when 
the  last  9  has  been  absorbed  the  result  is  immediately  19998.  In 
the  second  example  it  would  make  one  bite  of  the  1  in  the  units 
place,  carry  simultaneously  throughout  all  its  decimal  places,  and 
be  completely  done. 

Machines  whose  totalizers  act  as  just  described  are  found 
among  the  typewriter  attachments,  of  which  the  Underwood  Com- 
puter as  well  as  the  Wahl,  are  examples.  The  first  typewriter 
attachment  patented  by  Ludlum  in  1888  operated  in  the  same 
manner. 

Locking  Mechanism:  The  above  is  the  principle  of  the  carry- 
ing mechanism.  In  practice,  many  additional  features  are  supplied, 
some  of  which  I  will  point  out.  The  quick  movement  of  a  wheel  T 
will  cause  its  projection  P  to  strike  the  intermediate  wheel  B  quite 
sharply,  which  thereupon  will  rotate  the  next  higher  wheel  T,  not 
only  one  step,  as  required,  but  perhaps  several  superfluous  steps. 
A  mistake  will  thus  be  made.  To  prevent  such  mistakes,  locking 
mechanism  is  introduced.  In  the  Wahl  machine  the  locking  mechan- 
ism is  composed  of  Geneva  gearing.  This  locking  Geneva  gearing 
in  its  turn  requires  unlocking  mechanism,  so  that  the  final  result 
is  far  more  involved  than  the  above  sketch  indicates.  In  the  Un- 
derwood-Wright machine,  which  uses  a  similar  carrying  mechanism, 
overthrow  is  prevented  by  a  set  of  spring  pawls.  These  check  the 
momentum  of  the  flying  wheels,  but,  of  course,  they  also  interpose 
a  resistance  against  the  free  starting  of  the  wheels,  which  in  turn 
leads  to  motor  mechanism  to  drive  them. 

You  will  notice  that  the  above  carrying  mechanism  is  reversible. 
It  will  work  just  as  well  if  the  wheels  T  are  rotated  one  way  as  the 
other.  It  therefore  can  be  and  is  used  for  both  addition  and  sub- 
traction, subtraction  being  accomplished  by  rotating  the  gears  T 
in  the  direction  opposite  to  that  for  addition. 

Figures  1  and  2  show  only  two  wheels  T  and  only  one  wheel 
B.  In  practice  there  are  totalizers  with  up  to  twenty  wheels  T 
and  therefore  nineteen  wheels  B.  Please  note  that  in  order  to 
function  correctly,  only  one  wheel  T  at  a  time  can  be  used  for 
the  insertion  of  the  number.  Pulling  all  four  wheels  down  at  once 
to  add  9999  to  9999,  would  result  in  a  mistake.  This  is  because  the 
carrying  movement  of  the  wheel  B  would  take  place  at  the  same  time 
as  the  accumulating  motion  of  the  wheel  T  and  would  thus  be  lost. 
To  function  correctly,  all  those  wheels  to  the  left  of  the  particular 
wheel  which  is  used  for  accumulating  must  be  held  in  reserve  in  or- 
der to  properly  carry  the  tens.  All  tlie  wheels  to  the  right  must  be 
held  non-interfering.  Any  carrying  that  does  take  place  is.  however, 
theoretically  transmitted  simultaneously  throughout  all  the  higher 
wheels  to  the  left,  and  not  successively  as  in  the  carrying  mechanism 
to  be  described.  The  totalizer  accumulates  successively,  but  carries 
simultaneously. 
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KEYS. 


When  we  come  to  the  subject  of  keys,  we  find  two  distinct 
and  contending  camps.  There  are  what  are  called  the  81-key  ma- 
chines and  there  are  the  so-called  10-key  machines. 

The  keyboard  of  the  81-key  machine  is  supplied  with  a  num- 
ber of  banks  of  keys,  say  nine,  each  containing  the  keys  1,  2,  3,  4, 
5,  6,  7,  8  and  9.  There  is  a  bank  for  the  units  demical  place,  an,- 
other  bank  for  the  tens,  and  so  on.  Notice  that  the  zeros  do  not 
occur  at  all.  In  using  such  a  machine  the  operator  places  his 
finger  on  the  proper  key  in  the  proper  decimal  place,  and  pushes. 


Comptometer. 


For  the  number  1085  he  places  his  finger  on  the  1  key  of  the  thou- 
sands bank,  on  no  key  in  the  hundreds  bank,  on  the  8  key  in  the 
tens  bank,  and  on  the  5  key  of  the  units  bank.  He  might  operate 
with  only  one  finger  or  with  all  the  fingers ;  with  the  fingers  one 
at  a  time  or  all  together.  Operators  become  expert  on  these  ma- 
chines, and  I  have  seen  them  use  sometimes  the  highest  figure  first 
and  units  last ;  again,  units  first  and  the  highest  figure  last ;  and 
sometimes  a  mixed  order.  Among  the  machines  that  have  81  keys 
are  the  Burroughs,  the  Comptometer,  the  Comptograph,  the  Ensign, 
the  Wales,  etc. 

The  10-key  machines  have  no  sets  of  banks  of  keys,  but  are 
provided  with  only  one  set  of  10  keys,  namely  0,  1,  2,  3,  4,  5,  6,  7, 
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8  and  9,  and  this  set  of  keys  is  used  for  all  decimal  places.  Here 
the  0  must  be  used.  In  writing  a  number  like  11,  the  1  key  is  struck 
twice.  In  writing  101,  the  operator  would  strike,  in  order,  the  1, 
the  0,  and  again  the  1  key.  The  most  prominent  10-key  machines 
on  the  market  are  the  Dalton,  the  Moon-Hopkins,  and  the  type- 


Ensign  Machine. 

writer-adding  machines  like  the  Wahl,  the  Elliott-Fisher  and  the 
Underwood. 

Keyboard  adding  machines  can,  however,  be  divided  according 
to  their  construction  into  key-driven  and  key-set  machines. 

KEY-DRIVEN    MACHINES. 

The  simplest  key-driven  mechanism  is  one  something  like  the 
old  Comptometer.  (You  will  pardon  me  if  I  do  not  describe  the 
actual  construction  of  any  machine,  for  in  that  way  I  cannot  so 
easily  be  caught  in  an  error.  Besides,  in  the  actual  machine,  the 
mechanism  occurs  in  several  layers,  which  cannot  be  so  readily  un- 
derstood as  a  diagram  laying  it  out  in  one  plane.) 

Reference  to  Fig.  4  will  show  that  there  are  as  many  banks 
of  keys  as  there  are  decimal  places.  In  each  bank  there  are  nine 
keys,  to  which  are  given  the  values  1,  2,  3,  4,  5,  6,  7,  8  and  9.  Each 
key  is  normally  kept  up  by  a  spring.  Underneath  them  a  lever  GL  is 
extended,  with  a  gear  attached  thereto.  Normally  it  is  held  up  by  a 
spring.  There  is  another  lever  PL,  which  cooperates  with  a  pawl, 
that  can  be  inserted  in  a  gear  T,  which  is  in  chain  with  the  gear 
upon  the  gear  lever.  When  a  key  is  pushed  down,  there  occurs 
initially  some  lost  motion ;  that  is,  the  key  does  not  strike  anything. 
A  little  later  a  ])rojection  a  on  the  key  strikes  the  gear  lever  GL 
and  moves  it.  Just  when  the  gear  lever  has  moved  an  amount 
corresponding  to  the  value  of  the  key  pushed  down,  the  bottom 
of  the  key  strikes  the  pawl  lever  PL  and  pushes  the  pawl  into  the 
teeth  of  the  gear  7\  thus  preventing  overthrow.  The  gear  lever  thus 
has  l)cen  pushed  down  by  a  key  a  number  of  steps  e(|ual  to  the  value 
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of  the  key.  Namely,  the  1  key  has  pushed  the  gear  lever  down  one 
gear  step,  the  2  key  two  gear  steps,  etc.,  before  locking  occurs. 
There  is  a  ratchet  mechanism  (not  shown)  between  the  gear  lever 
and  the  totalizer  wheel  T,  so  that  on  the  way  up  the  gear  lever 
does  not  rotate  the  wheel  of  the  totalizer. 

The  above  is  practically  the  mechanism  of  the  Ludlum  machine 
and  of  the  old  Comptometer.  In  the  new  Comptometer  some  modi- 
fications have  been  introduced.  For  instance,  the  gear  lever  does 
not  rotate  the  totalizer  wheel  on  the  down  push  of  the  lever,  but  on 
the  return  thereof.  Again,  there  are  two  pawl  levers,  instead  of 
one,  permitting  the  making  of  a  portion  of  the  mechanism  twice  as 
large  and  therefore  stronger. 

In  the  old  Comptometer,  the  carrying  mechanism  upon  the 
wheels  T  was  something  as  follows:     (Fig.  4.) 

Each  totalizer  wheel  T  was  supplied  with  a  cam  B,  which  grad- 
ually extended  further  and  further  from  the  center,  and  which  was 
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provided  with  a  sharp  drop  at  one  point.  The  drop  was  located 
at  the  point  corresponding  to  9.  The  cam  cooperated  with  a  tooth 
C  on  a  lever  D.  The  lever  had  at  its  outer  end  a  pawl  E,  which 
could  drive  a  ratchet  wheel  on  the  next  higher  wheel  T.  As  the 
lower  wheel  T  rotated,  its  cam  gradually  pushed  back  the  lever  D, 
storing  energy  in  the  spring  G.  When  the  drop  of  the  cam  B  passed 
under  the  tooth  of  the  lever,  the  latter  was  no  longer  resisted, 
whereupon  it  flew  in,  and  by  means  of  its  pawl  E  pushed  the  next 
higher  wheel  forward  one  step.  This  carrying  mechanism  is  irre- 
versible ;  that  is,  it  will  not  work  if  the  wheel  T  rotates  in  the  op- 
posite direction ;  it  accumulates  successively  and  carries  successively. 
It  was  used  in  the  Comptometer,  the  Dougherty,  the  Fisher,  and  the 
Howieson  machines.  In  the  present  Comptometer  a  modification 
of  this  older  carrying  mechanism  is  used,  which  still  employs  the 
cam  and  sudden  drop. 

Full-Stroke  Mechanism :  Let  me  call  your  attention  to  the  fact 
that  in  the  above  machine,  if  the  operator  incompletely  depresses 
any  key,  he  will  turn  the  totalizer  wheel  an  insufficient  amount.  He 
will  thus  register  a  mistake  in  the  machine.  Such  is  actually  the 
case  with  a  good  many  machines  on  the  market ;  for  instance,  the 
Burroughs  non-listing  machines.    To  prevent  such  a  mistake,  vari- 
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ous  mechanisms  called  "full-stroke"  have  been  provided.  •  They 
operate  about  as  follows:     (Fig.  5.) 

Let  K  he  a.  key  with  teeth  on  its  edge.  Let  5  be  a  pawl  which 
by  means  of  a  spring  C  always  tends  to  return  to  its  central  posi- 
tion if  displaced.  Obviously,  the  key  can  now  move  down,  but  the 
moment  its  teeth  engage  the  pawl,  the  latter  swings  down  assuming 
a  position  as  drawn  at  (?,  and  prevents  the  key  from  rising.  How- 
ever, when  the  ratchet  has  moved  completely  past  B,  then  the  latter 
snaps  up  and  the  key  is  then  free  to  move  up  again.  Full-stroke 
mechanism  is  in  use  on  the  handles  of  many  adding  machines, 
for  instance  the  Burroughs.  It  is  also  in  use  on  multiplying  ma- 
chines such  as  the  Brunsviga.  Something  similar  is  used  as  a  part 
of  the  full-stroke  mechanism  of  the  keys  of  the  Wahl. 

Single-Key  Mechanism:  There  are  other  troubles  that  are  en- 
countered in  the  operating  of  the  keys.     Suppose  the  operator  in- 
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advertently  strikes  two  keys  at  once.  What  happens?  In  some 
machines,  in  fact  in  most  machines,  the  result  is  a  mistake.  In 
others,  the  Wahl  for  instance,  it  is  impossible  for  the  operator  to 
depress  two  keys  at  once.  This  is  prevented  by  what  is  called  a 
single-key  mechanism,  constructed  somewhat  as  follows : 

Let  A^  and  A-  (Fig.  6)  be  the  cross  sections  of  two  key  levers 
of  a  typewriter.  Hanging  between  the  key  levers  are  some  pieces 
B^,  B^,  B^,  whose  width  is  equal  to  the  distance  between  the  centers 
of  the  key  levers.  On  the  outside  of  all  the  pieces  B  are  two  stops 
O  and  C-.  The  pieces  B  occupy  all  the  room  between  the  stops 
except  the  thickness  of  one  lever  A.  Thus  if  one  lever,  say  A^,  be 
depressed,  it  shoves  B-  and  B^,  etc.,  to  the  right  and  B^  to  the  left, 
and  then  continues  without  any  interference.  Should  the  attempt 
be  made  to  shove  two  levers  down  simultaneously,  they  jointly  take 
up  too  much  room,  and  therefore  both  get  jammed.  The  single- 
key  mechanism  is  extensively  used,  not  only  on  adding  machines, 
but  in  cash  registers  and  voting  machines.  Some  of  you  must 
have  wondered  how  it  is  that  in  the  Chicago  voting  machijies  it  is 
possible  to  vote  for,  say,  only  10  out  of  150  candidates.  It  is  by 
an  extension  of  the  above  mechanism. 
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KEY-SET    MACHINES. 

In  the  class  of  key-set  adding  machines  are  to  be  found  some 
of  the  best  known  machines,  such  as  the  Burroughs  and  Wales. 
The  Burroughs  is  constructed  about  as  follows:    (Figs.  7  and  8.) 

There  is  a  bank  of  keys  for  each  decimal  place.  Each  bank  is 
provided  with  keys  having  the  values  1,  2,  3,  4,  5,  6,  7,  8  and  9. 
Cooperating  with  the  keys  of  each  bank  is  a  bar  A,  which  has  a 
series  of  projections  upon  it,  P^,  P',  P^,  up  to  P^.  Notice  that  P^ 
is  very  close  to  the  bottom  of  the  key  1,  in  fact,  just  one  step  re- 
moved. P-  is  two  steps  from  the  bottom  of  the  key  2;  P^  is  nine 
steps  from  the  bottom  of  key  9.  There  is  a  spring  C  tending  to 
move  the  gear  bar  to  the  left,  but  it  is  prevented  from  so  moving 
by  the  interference  of  the  cross  bar  D.  When  the  operator  de- 
presses a  key,  he  pushes  its  bottom  into  the  way  of  the  cooperating 
projection  upon  the  bar.  The  operator,  having  thus  set  up  the 
keys  for  the  number  desired,  pulls  the  handle.  This  advances  the 
bar  D  to  the  left,  thus  removing  its  interference.     The  bars  A  fol- 
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low  the  bar  as  far  as  they  can,  that  is,  until  each  bar  hits  the  pro- 
jection upon  the  key  depressed  in  its  bank.  Each  bar  is  thus  ad- 
vanced a  number  of  steps  corresponding  to  the  value  of  the  key 
depressed.  Some  of  you  have  already  noticed  the  fact  that  if  no  key 
is  depressed  there  is  nothing  to  stop  the  gear  bar  in  its  advance.  It 
therefore  would  move  the  maximum  amount,  say  nine.  Of  course, 
this  must  be  prevented  in  an  actual  machine,  and  is  so  prevented  by 
a  special  stop  which  prevents  the  bar  A  from  moving,  but  which  stop 
is  pushed  out  of  the  way  by  the  pushing  down  of  any  key  in  the 
bank. 

TOTALIZER. 

You  will  notice  that  Fig.  8  is  drawn  to  a  larger  scale  than  Fig. 
7.  This  is  for  the  purpose  of  illustrating  the  totalizer.  During  the 
advance  of  the  gear  bars,  the  totalizer  wheels  T  were  not  in  mesh 
with  them.  After  the  bars  have  finished  moving  leftward,  the  total- 
izer is  lowered  into  mesh  with  the  bars.  When  the  cross-bar  D 
is  pushed  back,  it  pushes  back  the  gear  bars  to  their  original  place, 
and  the  meshed  totalizer  wheels  are  thus  rotated  an  amount  corre- 
sponding to  the  value  of  the  keys  set  up. 

Immediately  after  the  rotation  of  the  totalizer  wheel  by  the 
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gear  bar,   the  carrying  mechanism  operates.      The    tens-carrying 
mechanism  is  constructed  somewhat  as  follows : 

Imagine  the  totalizer  wheels  T  mounted  on  an  axle  and  each 
wheel  provided  with  a  carrying  projection  TP.  Between  each  two 
wheels  is  a  lever  E  mounted,  let  us  say,  friction-tight  upon  its  ful- 
crum, and  having  a  tooth  F  in  the  pathway  of  the  pin  TP.  The 
wheel  T  rotates  in  the  direction  of  the  arrow,  and  in  due  time  its 
pin  TP  will  strike  F  and  push  away  the  lever  E.  This  striking 
and  pushing  away  of  the  lever  is  due  notice  that  the  wheel  has  com- 
pleted a  cycle  of  motion;  that  is,  arithmetically,  it  should  carry  a 
ten  into  the  next  higher  wheel  to  the  left.  Any  wheel  that  should 
tens-carry  will  therefore  have  pushed  away  its  lever.  Any  wheel 
that  should  not  tens-carry  will  not  have  pushed  away  its  lever. 
The  wheels  T  are  rotated  by  the  racks  H  upon  the  bar  A,  which 
racks  H  in  their  turn  are  pulled  by  springs  /  fastened  both  to  the 
racks  and  to  the  bar  A.     Each  rack  H  is  provided  with  a  hook  / 
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Fig.  9 

that  strikes  against  the  end  of  the  lever  E  whenever  that  lever  is  in 
its  approached  position ;  that  is,  as  long  as  the  lever  has  not  been 
pushed  away  by  the  wheel.  But  when  the  lever  has  been  pushed 
away  by  the  wheel,  the  hook  /  no  longer  strikes  the  lever  E.  In- 
stead, it  enters  below  the  lever,  and  thus  moves  one  step  further 
to  the  right  than  it  would  have  moved  if  it  had  struck  the  lever. 

Notice  that  each  rack  H  is  stopped  by  the  lever  E  which  is  at 
its  right,  which  lever  in  turn  is  moved  by  the  totalizer  wheel  T 
at  its  right.  That  is,  finally,  the  striking  of  pin  'TP  of  a  wheel 
against  its  lever  determines  that  the  wheel  next  to  the  left  shall 
receive  not  only  the  movement  which  it  would  otherwise  receive, 
but  also  an  additional  step  of  movement ;  that  is.  the  tens  have  been 
carried  into  it. 

The  above  mechanism  is  almost  identical  with  that  used  in  the 
Burroughs  and  the  Dalton  machines.  Variations  are  found  in  the 
Moon-Iloj)kins  and  many  others.  The  mechanism  as  described  is 
irreversible;  that  is,  it  will  not  work  if  the  wheels  T  rotate  in  the 
opposite  direction.  The  wheels  would  be  stuck  when  the  pin  TP 
would   strike   F.     This  sticking  of   the   wheel  at   this  point   when 
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rotating  in  the  opposite  direction  is  used  in  the  above  machines  in 
bringing  said  wheels  to  the  zero  position,  as  in  erasing  a  number 
on  a  totaHzer  or  in  the  printing  of  a  total.  The  tens-carrying  of 
this  mechanism  is,  of  course,  successive.  The  wheel  to  the  left  does 
not  carry  until  the  wheel  to  the  right  has  done  so,  but  it  is  very 
rapid,  and  in  practice  but  little  time  is  occupied  thereby. 

A  totalizer  like  the  above  that  accumulates  simultaneously,  but 
that  carries  successively,  would  digest  the  examples  previously 
used  in  the  following  manner:     (Fig.  9.) 

Having  already  in  its  stomach  the  first  number,  9999,  it  swal- 
lows the  second  number  as  a  whole,  but  does  not  assimilate  it  imme- 


I 


]\Iillionaire  ^Machine. 

diately.  The  result  as  to  the  first  bite  would  be  ('8),  ('8),  ('8),  ('8). 
The  httle  ( ' )  shows  that  it  is  a  number  temporarily  stored  up 
to  be  afterwards  carried.  Mechanically  it  means  that  the  lever 
next  to  the  wheel  has  been  pushed  away.  A  series  of  digestive 
steps  now  occur,  which  successively  transform  the  contents  into 
the  number  desired.  The  first  digestive  step  results  in  the  carrying 
of  the  units  (')  into  the  tens,  thus  giving  ('8),  ('8),  ('9),  8.  That 
is,  the  tens  rack  has  moved  an  extra  step.  The  second  digestive  step 
produces  ('8),  ('9),  98.  That  is,  the  hundreds  rack  has  moved  an 
extra  step.  The  third  step  shows  ('9),  998.  And  the  last  step  pro- 
duces 19998. 

The  totalizers  of  many  machines  operate  on  this  principle  of 
delayed  seriatim  carrying.     Among  them  are  the  Burroughs,  the 
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Moon-Hopkins,  the  Dalton,  the  Wales,  the  Barrett,  the  Morse,  the 
Ensign,  the  Brunsviga,  the  Marchand,  the  Tim,  the  Millionaire,  the 
Monroe,  and  the  Archimedes. 

Any  machine  whose  totalizer  would  accumulate  and  carry 
simultaneously  would  make  but  one  bite  of  the  whole  meal.  Thus 
9999  and  9999  is  19998.  There  are  no  machines  on  the  market 
whose  totalizers  operate  on  that  principle,  but  there  are  quite  a 
number  described  among  the  patents  issued  in  the  United  States. 
Let  me  state  here  that  one  mechanical  basis  for  the  possibility  of 
accomplishing  all  the  accumulations  and  all  the  carryings  simultan- 
eously rests  on  the  employment  of  trains  of  epicyclic  gears. 

TEN-KEY  MACHINES. 

Let  us  go  a  little  further  into  the  theory  of  the  ten-key  machines. 
We  noted  that  every  totalizer  has  a  set  of  totalizer  wheels,  one  for 
units,  one  for  tens,  another  for  hundreds,  etc.     When  on  a  type- 
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writer  a  number  is  printed  in  a  column,  as  in  arranging  dollars  and 
cents  properly,  it  is  the  business  of  the  operator  to  bring  the  carriage 
of  the  machine  to  the  proper  place  for  the  first  figure,  and  from 
then  on  they  follow  in  proper  order.  This  readily  solves  the  prob- 
lem for  all  typewriter  attachments  such  as  the  Walil  and  the  Elliott- 
Fisher.  On  some  machines,  however,  as  the  Dalton  and  the  Moon- 
Hopkins,  there  is  no  carriage  which  is  first  decimally  placed  by  the 
operator.  When  on  such  a  ten-key  machine  an  operator  strikes 
a  1,  how  does  the  machine  know  that  it  is  a  1?  Perhaps  it  is  only 
the  first  figure  of  a  number,  say  127.  Historically,  the  accomplish- 
ing of  the  result  was  found  difficult,  as  is  shown  by  the  fact  that 
in  the  earlier  machines  the  inventors  put  down  the  figures  back- 
ward. Thus  127  used  to  be  put  down,  first  7.  then  2,  then  1.  The 
first  men  to  show  mechanisms  which  permitted  the  figures  to  be 
written  down  highest  figure  first,  units  last,  were  Mr.  McCaskey 
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and  ]\Ir.  Helmick,  both  now  of  Chicago.  The  idea  occurred  to 
each  of  them  independently,  and  as  they  both  appHed  for  patents 
in  1894,  some  complications  arose  as  to  who  was  the  inventor.  The 
means  by  which  they  accomplished  the  result  was  the  introduction 
of  a  supplementary  carriage  capable  of  storing  up  a  number.    (Fig. 

Let  there  be  a  series  of  windows  through  which  numbers  be- 
come exposed  to  the  operator  of  a  machine.  Let  ]V'^  be  the  units 
place  window,  IV-  the  tens  place,  etc.  Let  A  be  a  carriage  some- 
thing like  the  carr'iage  of  a  typewriter,  and  provided  in  a  similar 
manner  with  an  escapement  mechanism,  and  having  a  tendency 
continually  to  travel  to  the  left.  This  carriage  is  provided  with  a  set 
of  wheels  B.  Let  M  be  a  master  wheel  located  immediately  to  the 
right  of  the  units  window.  The  master  wheel  M  is  given  a  rotation 
corresponding  to  the  figure  desired.  If  the  figure  is  an  8,  the  master 
wheel  would  be  rotated  eight  steps  by  any  suitable  mechanism.  This 
master  wheel  M  thus  rotates  the  leftmost  wheel  of  the  carriage, 
bringing  the  figure  8  opposite  to  the  row  of  windows,  but  not  yet 
under  the  window  in  sight  of  the  operator.  When  the  operator 
releases  his  finger  from  the  keys,  the  escapement  mechanism  of 
the  carriage  causes  the  latter  to  advance  one  step  to  the  left.  The 
8  therefore  comes  into  view  in  the  units  window.  The  moving  of 
the  carriage  has  thus  brought  opposite  to  the  master  wheel  the 
next  wheel  to  the  right.  The  pushing  down  of  another  key,  say  7, 
by  the  operator  causes  the  master  wheel  M  to  introduce  a  7  into 
this  second  wheel,  and  the  subsequent  escapement  and  moving  of 
the  carriage  another  step  to  the  left  brings  this  7  into  view  in  the 
units  window,  moving  the  original  8  into  the  second  window,  the 
whole  number  now  visible  being  87.  And  so  on.  A  set  of  totalizer 
wheels  T  is  located  in  alignment  with  the  windows,  and  the  carriage 
with  its  wheels  is  therefore  brought  into  alignment  not  only  with 
the  windows,  but  also  with  the  totalizer  wheels.  Further  opera- 
tion depends  upon  the  construction  of  the  machine.  But  in  every 
ten-key  machine  where  it  is  not  the  operator  that  first  determines 
what  decimal  place  is  to  be  operated  in,  a  traveling  carriage  is  pro- 
vided for  storing  up  the  numbers,  which  carriage  travels  toward  the 
left.  In  Fig.  10  the  traveling  carriage  is  represented  as  provided 
with  a  set  of  wheels  which  are  rotated  by  a  master  wheel.  This 
construction  is  used  in  the  Dudley  machine  and  others.  In  the 
Moon-Hopkins  and  the  Dalton,  which  are  more  prominently  on 
the  market,  the  traveling  carriage  does  not  contain  a  set  of  wheels, 
but  employs  instead  a  set  of  banks  of  stop  pins. 

Figure  11  represents  the  construction  of  the  Moon-Hopkins 
and  the  Dalton  machines — more  particularly  the  Dalton.  There  are 
ten  keys,  0,  1,  2.  3,  4,  5,  6,  7,  8,  9  which  are  fulcrumed  upon 
an  axis.  The  back  ends  of  the  keys  are  bent  together  to  form  a  line, 
and  end  in  a  series  of  projections,  P^,  P^,  P-,  etc.  Pushing  down 
the  finger  piece  at  the  front  of  the  key  pushes  up  the  corresponding 
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projection  upon  the  back  of  the  key.  TraveHng  immediately  above 
the  projections  at  the  backs  of  the  key  levers  is  a  carriage  C  pro- 
vided with  decimal  banks  of  stops,  each  stop,  say,  friction-tight  in 
its  bearings.  The  carriage  is  provided  with  an  escapement  mechan- 
ism like  that  of  a  typewriter.  It  can  thus  be  seen  that  when  an 
operator  presses,  say,  key  7,  the  pin  corresponding  to  7  will  be 
pushed  up  as  shown  in  Fig.  11,  and  the  carriage  will  advance  one 
step  to  the  left,  bringing  a  new  bank  of  stops  over  the  projections 
that  are  at  the  backs  of  the  keys.  The  keys  can  then  operate  upon 
the  next  bank  of  stops,  and  the  number  is  thus  set  up  upon  the 
carriage. 

After  the  number  has  been  set  up  upon  the  stops  in  the  car- 
riage, it  is  transferred  to  the  totalizer  by  means  of  some  large  sectors 


Fig  II 

S,  each  of  which  is  provided  with  a  finger  F  capable  of  striking  the 
stop  opposite  to  it  in  the  carriage.  Normally,  the  sectors  are  held 
back  by  means  of  a  bar  B  against  the  force  of  the  springs  C:  but 
when  the  bar  is  moved,  as  is  done  during  the  pulling  of  the  handle, 
its  resistance  is  removed,  and  the  sectors  advance  as  far  as  they 
can,  that  is,  until  they  are  stopped  by  the  protrudctl  pins  in  the 
carriage.  In  the  Moon-Hopkins  machine,  racks  instead  of  sectors 
are  used;  otherwise  the  mechanism  is  about  the  same.  The  carry- 
ing mechanism  in  both  of  these  machines,  the  Moon-Hopkins  and 
the  Dalton,  is  similar  in  theory  to  that  described  in  connection  with 
the  Burroughs  machine. 

I  have  given  no  space  to  printing  mccham'sm.  which  is  quite  a 
problem  in  itself,  ])articularly  the  non-priiUing  of  the  zeros  at  the 
left  of  a  significant  figure.    Thus,  in  a  machiiK'  which  has,  say,  seven 
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decimal  places,  the  number  1000  would  have  the  three  zeros  to  the 
right  of  the  1  printed,  whereas  there  would  be  no  zeros  printed  at  the 
left  of  the  1.  The  printing  mechanism  varies  considerably  in  the 
machines  on  the  market.  As  a  general  principle,  the  mechanism 
for  the  preventing  of  the  printing  of  the  undesired  zeros  works  by 
preventing  the  printing  hammers  from  flying  to  make  an  impression. 

MULTIPLYING  AND  DIVIDING   MACHINES. 

A  multiplying  and  dividing  machine  differs  from  an  adding 
machine  in  that  it  must  preserve  the  multiplicand  that  is  set  up  on 
the  mechanism.  All  multiplying  machines,  without  exception,  pre- 
serve the  multiplicand  during  the  process  of  multiplication.  In  add- 
ing machines,  the  addend  is  destroyed  after  the  first  addition.  Fig- 
ure 12  shows  a  diagrammatic  representation  of  the  mechanism  of 
Grant's  arithmetical  mill.     The  machine  is  supplied  with  a  carriage 
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Fig.  13 

C  capable  of  being  reciprocated  by  means  of  a  crank  D.  Mounted 
in  the  carriage  are  a  series  of  racks  R,  each  provided  with  a  handle 
H,  by  means  of  which  the  operator  can  advance  it  in  the  carriage 
to  any  desired  position.  In  the  figure,  one  of  the  racks  only  is 
shown,  and  it  is  advanced  four  steps.  Of  course,  there  is  a  rack 
for  each  decimal  place,  one  for  units,  one  for  tens,  etc.  The  opera- 
tor advances  each  rack  the  desired  amount,  and  the  machine  locks 
these  racks  into  place  in  the  carriage.  The  rotation  of  the  crank 
D  then  advances  both  carriage  and  racks  toward  the  totalizer  wheels 
T,  which  are  thus  engaged  by  the  racks,  and  each  is  rotated  an 
amount  dependent  upon  the  distance  that  its  particular  rack  has 
previously  been  advanced.  There  is,  of  course,  mechanism  for 
preventing  the  rotation  of  the  wheels  T  upon  the  return  movement 
of  the  carriage  and  racks,  but  into  that  I  shall  not  enter.  Notice 
that  by  this  means  the  number  set  up  upon  the  carriage  is  not  dis- 
turbed, but  can  be  used  over  and  over. 

In  Fig.  13  is  shown  another  means  that  is  used  in  multiplying 
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machines  for  inserting  the  number  in  the  totaHzer.  For  each  decimal 
place  there  is  a  barrel  B,  part  of  which,  approximately  one-third,  is 
covered  with  teeth  which  vary  in  length  from  a  maximum  to  a 
minimum,  and  have  the  values  9  to  0.  Parallel  with  the  axis  of  the 
barrel  is  a  square  shaft  C,  whereon  is  slidably  mounted  a  gear  D, 
which,  by  means  of  a  handle  H,  is  slid  by  the  operator  opposite 
any  desired  point.  The  rotation  of  the  barrel  will  therefore  cause 
the  wheel  D  to  be  rotated  a  number  of  steps,  dependent  upon  the 
number  of  teeth  on  the  barrel  B  opposite  said  wheel.  That  is,  it 
will  be  rotated  only  one  step  when  it  is  opposite  the  lower  end  of  the 
long  tooth,  and  nine  steps  when  it  is  opposite  all  of  the  teeth,  as  at 
the  upper  end.    The  figure  to  the  left  shows  a  development  of  the 


Thomas  Alachine. 

surface  of  the  barrel.  The  reason  why  the  teeth  upon  the  barrel 
occupy  only  about  one-third  of  the  circumference  is  that  the  other 
two-thirds  is  used  in  the  carrying  mechanism,  which  I  shall  not  illus- 
trate at  this  moment.  The  above  mechanism  is  the  one  invented 
by  Leibnitz  about  1675  and  is  now  used  in  the  Thomas,  the  Burk- 
hard,  the  Tim,  the  Saxonia,  the  Archimedes,  the  Monroe,  and  many 
others. 

The  mechanism  in  Fig.  14  represents  the  construction  of  the 
Urunsviga  machine  and  its  brethren  the  Thales.  the  Triumphator,  the 
Marchand,  and  others.  There  is  a  drum  .  /  cai)able  of  being  rotated 
about  its  axis,  and  j)rovided  in  each  decimal  place  with  a  mechanism 
like  the  one  before  us.  In  each  decimal  place  there  is  a  rotatable 
cam  provided  with  a  handle  H,  by  means  of  which  the  operator 
may  rotate  it  about  the  axis  of  the  drum  A.    The  operator  may  thus 
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project  outside  of  the  circumference  of  the  drum  a  series  of  pins  P, 
or  retract  them  into  the  circumference.  In  Fig.  14  we  see  that  six 
pins  have  been  projected,  whereas  three  remain  below  the  surface. 
Mounted  upon  axes  parallel  to  that  of  the  drum  are  two  totaHzer 
wheels  T^  and  T-,  always  in  mesh  with  each  other,  and  each  pro- 
vided with  ten  teeth.  It  is  evident  that  a  rotation  given  to  the  drum 
about  its  axis  will  cause  the  projected  teeth  or  pins  P  to  pass  by 
the  teeth  of  T-  and  rotate  it  an  amount  dependent  upon  the  number 
of  pins  set  out.  Moreover,  this  will  occur  at  every  revolution  of 
the  drum. 

Should  the  drum  be  rotated  in  the  opposite  direction,  then  the 
wheels  P  and  T-  will  still  be  rotated  an  equal  amount,  but  in  the  op- 
posite direction,  thus  accomplishing  subtraction  instead  of  addition. 

The  carrying  mechanism  of  the  Brunsviga  will  now  be  sketched. 
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Fig.  15 


Upon  the  wheel  T^  is  a  pin  TP.  Cooperating  with  the  pins  is  a  lever 
L  mounted,  say,  friction-tight  upon  its  fulcrum.  It  is  evident  that 
whenever  the  pin  TP  passes  by  the  lever,  it  will  push  it  away  from 
the  wheel  T'^  upwards  toward  the  drum  A.  The  lever  L  carries  a 
peculiar  wedge-shaped  piece  W  near  the  drum.  Figure  16  shows  a 
view  of  the  wedge  taken  on  a  plane  including  the  axes  of  the  drum 
and  the  two  sets  of  wheels.  Mounted  on  the  drum  is  a  special 
carrying  tooth  10.  It  is  normally  held  to  the  right  by  means  of  a 
spring,  and  in  passing  will  not  engage  the  wheel  T'-  to  the  left.  In 
Fig.  16  are  shown  two  adjacent  wheels  T-,  two  wedges  ]V,  one  to  the 
right  and  one  to  the  left,  and  two  special  carrying  teeth  10.  The 
carrying  tooth  10  to  the  right  is  in  its  normal  position.  In  passing 
by  the  wheel  T'-  it  would  not  be  interfered  with  by  the  wedge  W. 
It  would  therefore  miss  the  wheel  T-.  Suppose,  however,  that 
previous  to  the  coming  around  of  the  carrying  tooth  10,  the  wedge 
W  had  been  pushed  in  the  way  of  the  tooth  10,  as  is  shown  by  the 
wedge  to  the  left,  the  tooth  10  would  now  strike  the  wedge  imme- 
diately before  striking  the  wheel  T-.   It  would  thus  be  shoved  to  the 
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left,  and  in  passing  by  would  engage  and  turn  tlie  wheel  T-  one 
step.     It  would  thus  rotate  said  wheel  a  special  carrying  step. 

In  order  that  the  carrying  steps  upon  the  various  wheels  of  the 
totalizer  shall  not  interfere  with  each  other,  these  steps  are  made 
successive.  One  is  completed  before  the  other  commences.  To 
accomplish  this  the  teeth  10  are  placed  in  a  spiral  around  the  drum. 
The  spiral  always  operates  units  first,  tens  next,  etc.  This  may  re- 
quire that  there  shall  be  a  different  s])iral  for  subtraction  than  for 
addition,  and  in  the  IJrunsviga,  the  Monroe,  and  other  machines,  this 
is  accomplished  by  providing  two  spirals,  one  of  which  is  effective 
for  addition,  and  the  other  one  for  subtraction. 

The  above  multiplying  and  dividing  machines  multiply  and 
divide  by  repeated  addition  and  subtraction.  In  multiplying  any 
multiplicand  by.  say.  7,  the  multiplicand  is  rapidly  added  seven 
times.     Since  the  highest  ])ossil)le  figure  is  9  and  the  lowest  is  1. 
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we  might  .sav  that  the  average  figure  is  5.,  and  that  these  repeated- 
addition  multiplying  machines  require  five  steps  for  multiplying  by 
an  average  figure.  There  are,  however,  multiplying  machines  which 
do  not  o])erate  on  the  repeated-addition  princi])le.  They  embody  in 
their  mechanism  ;i  mechanical  rei)resentation  of  the  multiplication 
table. 

In  I'ig.  17  is  slu)\vn  the  nuilliplication  table  as  taught  to  us  in 
school.  Please  notice  that  I  have  tilled  out  each  product  until  it 
always  contains  two  figures,  one  in  the  lens  place,  another  in  the 
units.  Immediately  below  we  see  a  section  of  this  nuiltiplication 
table  taken  through  7,  and  above  that  are  the  products  represented 
mechanically  by  \arious  lengths  of  pins,  the  first  pin  representing 
the  tens  |)lace.  and  the  second  ]iin  the  units  jjlace.  h'or  instance, 
0X7=42  is  represented  by  a  ])in  in  the  tens  place  whose  length  i> 
4,  and  another  \nu  in  the  units  place  whose  length  is  2.    The  sclicme 
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indicated,  namely  the  representation  of  the  multipHcation  table  by 
different  lengths  of  pins,  was  the  one  first  proposed  as  a  mechanical 
representation  of  the  multiplication  table,  and  was  brought  out  by 
Leon  Bollee,  a  Frenchman,  many  years  ago, — I  think  in  1896.  After 
him  there  came  many  others.  The  Alillionaire  machine  now  on  the 
market,  invented  by  Steiger,  works  upon  practically  the  same  prin- 
ciple, and  has  almost  identically  that  kind  of  a  multiplication  table. 
He,  however,  uses  only  one  multiplication  table  for  his  whole 
machine,  whereas  Bollee  used  a  multiplication  table  for  each  decimal 
place.  The  Moon-Hopkins  machine  now  on  the  market,  about  the 
fastest  multiplying  machine  with  which  I  am  familiar  (with  the 
possible  exception  of  the  Electric  Millionaire),  also  depends  upon 
that  principle;  so  does  the  McCaskey,  the  Cluley,  and  I  suppose 
many  others.  Kindly  notice  that  in  a  multiplication-table  multiply- 
ing machine  it  is  necessary  to  perform  two  additions  for  each  deci- 
mal place,  namely,  the  addition  of  the  figures  in  the  tens  place  and 
the  addition  of  the  figures  in  the  units  place.  This  would  seem  to 
indicate  that  the  multiplication-table  multiplying  machine  requiring 
only  two  additions  per  decimal  place  is  about  two  and  a  half  times 
as  fast  as  the  repeated-addition  multiplying  machines,  which  re- 
quire five  additions  on  the  average  for  each  decimal  place.  In 
practice,  however,  the  dift'erence  is  considerably  reduced  by  the 
special  mechanism  that  must  be  operated  in  the  multiplication-table 
multiplying  machines,  and  which  do  not  occur  in  the  repeated-addi- 
tion multiplying  machines. 

The  above  refers  to  the  multiplication  of  a  multiplicand  by  a 
multiplier  of  a  single  figure,  say,  4896  by  7.  In  case  the  multiplier 
has  more  than  one  figure,  it  is  necessary  to  move  some  portion  of 
the  mechanism  relatively  to  another  to  thereby  shift  the  decimal 
place.  This  is  accomplished  on  most  machines  by  hand,  but  on  the 
IMoon-Hopkins  and  Slillionaire  machines  it  is  accomplished  auto- 
matically. 

DIVIDING  MACHINES. 

Division  is  ordinarily  accomplished  mentally  by  guessing  at  a 
trial  divisor,  attempting  the  division,  seeing  whether  it  is  right  or 
wrong,  and  correcting  the  result  in  accordance  therewith.  This 
guessing  process  has  not  been  followed  mechanically ;  in  the  ma- 
chines that  divide,  division  is  accomplished  by  continuous  sub- 
traction of  the  divisor  and  the  determination  when  that  divisor  has 
been  subtracted  a  sufficient  number  of  times.  In  the  machines  on 
the  market  this  determination  occurs  whenever  the  remainder  ob- 
tained by  the  continuous  subtraction  of  the  divisor  from  the  divi- 
dend becomes  negative.  That  is,  it  occurs  just  one  step  too  late. 
This  necessitates  one  retracing  step  to  correct  the  error  just  intro- 
duced.    The  machines  therefore  operate  as  follows: 

Subtract,  subtract  continually  until  the  remainder  becomes 
negative.     This  is  now  one  step  too  far.     Therefore  add  once  to 
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correct  this  last  wrong  subtraction  and  then  step  down  one  decimal 
place,  and  repeat  the  process. 

In  some  machines  on  the  market  the  operator  has  to  watch 
to  see  when  the  remainder  will  become  negative.  In  others,  namely, 
the  Millionaire,  the  Brunsviga,  the  Thales,  the  Marchand,  etc.,  an 
audible  signal  is  given  by  ringing  a  bell  whenever  the  remainder 
becomes  negative. 

You  will  therefore  notice  that  only  a  reversible  multiplying 
machine  can  be  readily  used  as  a  dividing  machine.  Those  which 
are  not  reversible,  like  the  Ensign,  are  able  to  accomplish  divi- 
sion, but  nowhere  nearly  as  conveniently  as  those  which  are  rever- 
sible, like  the  Brunsxiga. 

The  crowning  attempt  along  this  line  has  been  made  by  Rechnit- 
zer,  of  Vienna,  who  has  actually  constructed  a  machine  wherein  all 
that  was  necessary  was  for  the  operator  to  insert  the  dividend,  say 
of  twenty  figures,  and  a  divisor,  say  of  ten  figures,  pull  the  handle, 
and  wait  until  the  machine  automatically  ground  out  the  quotient 
and  the  remainder.  He  attempted  to  put  it  on  the  market,  but  I 
have  not  yet  seen  it.  Its  arrival  would  be  welcome,  as  it  would  be 
a  great  convenience. 
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REACTIONS  IN  A  THREE-LEGGED  STIFF  FRAME 
WITH  HINGED  COLUMN  BASES 

N.  M.  Stineman,  Assoc.  W.  S.  E. 
Presented  September  14,  ipl4 

In  the  treatment  of  stiff  frames  which  are  acted  upon  by  hori- 
zontal forces,  such  as  wind  or  traction,  it  is  the  usual  practice  in 
text -books  to  assume  that  the  horizontal  reactions  at  the  column 
bases  are  equal  to  each  other,  their  sum  being  equal  to  the  total 
horizontal  force,  and  that  the  vertical  reactions  are  proportional  to 
the  distance  from  the  centre  of  gravity  of  the  columns. 

Consider  the  frame  in  Fig.  1,  acted  upon  by  the  horizontal  force 
P.  The  columns  are  hinged  at  the  base,  are  equal  in  length,  and  the 
spans  are  equal.  This  structure,  being  without  lateral  bracing,  is 
statically-indeterminate;  but  by  making  the  assumptions  re- 
ferred to  above,  it  is  possible  to  obtain  certain  formulas  for  the 
horizontal  and  vertical  reactions.  Without  going  into  the  reason- 
ing which  leads  to  those  formulas,  they  are  here  given.  (See 
Ketchum's  "Steel  Mill  Buildings,"  1910  edition,  p.  119): 

PI 
Hi=H2=H3=y3P;  Fi=— F3  =  2;;and  ¥2=0] 

However,  these  formulas  are  correct  only  when  the  legs  have 
equal  cross-sections  (i.  e.,  equal  moments  of  inertia)  and  the 
top  cross-girder  is  absolutely  rigid.  To  assume  that  the  top 
girder  is  absolutely  rigid  is  equivalent  to  assuming  that  its  mo- 
ihent  of  inertia  is  practically  equal  to  infinity.  This  may  be 
true  in  some  classes  of  steel  structures,  such  as  the  one  mentioned 
in  the  reference  noted  above;  but  in  other  classes  of  steel  structures 
and  in  reinforced  concrete  frames,  in  which  the  moment  of  inertia 
of  the  top  girder  is  but  several  times  as  large  as  that  of  the 
columns,  it  will  be  shown  in  this  article  that  while  the  foregoing 
formulas  are  fairly  accurate  for  certain  very  special  cases,  there  is 
a  real  danger  in  trying  to  fit  them  to  more  general  cases.  Suppose 
the  frame  were  to  contain  several  variations  from  the  conditions 
assumed  in  Fig.  1,  such  as  unequal  spans,  unequal  column  lengths, 
or  columns  with  unequal  moments  of  inertia.  It  will  be  shown  that 
under  such  general  conditions  the  above  formulas  would  give  results 
entirely  wrong,  and  that  a  designer  should  not  assume  that  they 
will  solve  his  general  problem  merely  because  they  do  solve  a 
special  one. 

Let  us  assume,  first,  that  the  frame  in  Fig.  1  has  columns  with 
equal  lengths  and  cross-sections,  but  that  the  top  girder,  instead  of 
being  rigid,  has  a  moment  of  inertia  equal  to  twice  that  of  the 
columns.     The  conditions  may  then  be  stated  as  follows: 
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I  =  moment  of  inertia  of  each  column 
2I  =  moment  of  inertia  of  the  cross-girder 

1  =  40  ft. 

s  =  20  ft. 
P  =  120,000  lbs. 

Solving  fhe  reactions  by  the  usual  method,  the  result  is — 

Hi=  40,000  lbs.;     H2=  40,000  lbs.;  Ih=       40,000  lbs.; 

V  1  =  120, 000  lbs.;     ¥2=  0;  and  V^  =  — 120,000  lbs. 

The  true  values,  determined  from  fonnulas  to  be  derived  in 
the  following  pages  by  the  Principle  of  Least  Work,  are  found  to  be — 

Hi=  38,000  lbs.;     H2=  44,000  lbs.;  H^=      38,000  lbs.; 

Vi  =  120, 000  lbs.;     ¥2=  0;  and  7:^=— 120,000  lbs. 

If  the  spans  were  greater  in  proportion  to  the  column  lengths, 
the  variation  would  be  correspondingly  greater.  For  example,  if 
the  spans  were  20  ft.  and  the  column  lengths  were  20  ft.,  the  reac- 
tions would  be — 

Hi=  36,670  lbs.;     H2=  46,660  lbs.;  ^3=  36,670  lbs.; 

Vi  =  120,000  lbs.;     V2=  0;  and  ¥3^— 120,000  lbs. 

It  is  evident  that  the  assumptions  usually  made  give  results 
which  are  approximately  accurate  for  the  very  special  case  in  Fig.  1. 
But  as  stated  before,  the  real  danger  lies  in  the  attempt  to  fit  the 
formulas  for  the  special  case  to  more  general  conditions.  Suppose 
the  frame  in  Fig.  1  were  a  reinforced  concrete  bridge  abutment  or 
approach,  and  that  the  column  DE,  supporting  the  bridge  seat, 
were  much  larger  than  the  others.  The  following  conditions  may 
be  taken  as  typical: 

I  =  moment  of  inertia  of  columns  BA  and  CF. 
61  =  moment  of  inertia  of  column  DE. 
5.41  =  moment  of  inertia  of  cross-girder. 
I,  s,  and  P,  have  the  same  values  as  before 

The  true  values  of  the  reactions,  computed  by  formulas  to  be 
derived  later,  will  now  be — 

Hi=  17,885  lbs.;       H2=  21,100  lbs.;        H3=       81,015  lbs.; 
Vi=  25,310  lbs.;        ¥2=  189,380  lbs.;        ¥3  =  — 214,690  lbs. 

This  shows  a  variation  from  the  results  obtained  by  the  usual 
method  which  is  too  great  to  be  disregarded.  In  fact,  there  has 
been  a  complete  readjustment  in  the  relation  between  the  reactions, 
merely  because  one  of  the  columns  has  been  enlarged  in  cross-sec- 
tion. If  the  spans  were  made  unequal  and  the  column  lengths  were 
made  unequal,  a  still  greater  variation  would  be  expected. 
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THE  PRINCIPLE  OF  LEAST  WORK 

A  well-known  law  of  mechanics,  called  Hooke's  Law,  states  that 
when  a  body  is  acted  upon  by  an  external  force,  the  former  under- 
goes a  deformation,  and  that  the  deformation  is  proportional  to  the 
force  so  long  as  the  material  is  not  stressed  beyond  the  elastic  limit. 
It  is  supposed  that  the  deformation  disappears  when  the  force  is 
removed,  the  body  returning  to  its  original  state. 

The  energy  stored  up  in  the  body  while  it  is  being  acted  upon 
is  called  the  work  of  resistance.  This  work  of  resistance  will  here- 
after be  denoted  by  w. 

It  can  be  shown  by  mathematical  reasoning  that  the  work  of 
resistance  will  be  the  least  that  is  necessary  to  maintain  equilibrium 
in  the  structure;  and  therefore  the  principle  which  has  been  evolved 
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from  such  reasoning  has  been  called  the  Principle  of  Least  Work. 
The  fundamental  basis  underlying  the  Principle  of  Least  Work  may 

best  be  given  in  the  Theorems  of  Castigliano,  stated  by  him  in  his 
Theorie  des  Gleichgewichtes  Elastisches  System.     These  theorems  are: 


L  The  displacement  of  the  point  of  application  of  an 
external  force  acting  on  a  bod}^ — caused  by  the  elastic 
deformation  of  the  latter — is  equal  to  the  first  derivative 
of  the  work  of  resistance  performed  in  the  body,  with 
respect  to  the  force. 

2.  The  partial  derivatives  of  the  work  of  resistance 
with  respect  to  statically-indeterminate  forces  which  are 
so  chosen  that  the  forces  themselves  perform  no  work  are 
equal  to  zero. 
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The  second  theorem  is  in  reality  a  special  case  of  the  first,  in 
which  the  external  forces  themselves  do  not  undergo  any  displace- 
ment. Inasmuch  as  work  is  defined  as  force  times  displacement, 
the  external  forces  will  in  this  case  perform  no  work. 

EQUATION  OF  WORK  OF  RESISTANCE 

When  any  elastic  body  is  deformed  by  an  external  bending 
moment,  it  is  possible  to  write  an  equation  of  the  work  of  resist- 
ance in  terms  of  the  bending  moment.  Omitting  the  mathemat- 
ical reduction,  which  is  given  in  Statically-Indeterminate  Stresses, 
by  Isami  Hiroi,  Dr.  Eng.,  the  value  of  the  work  of  resistance  in  any 
member  of  length  /  is — 

A'Pdx 

2EI    ^^ 


J- 


Other  equations  may  be  written  for  the  work  of  resistance  due 
to  direct  stress,  shear,  and  normal  stress;  but  these  will  not  be 
required  in  the  following  solution. 

ANALYSIS   OF   A   THREE-LEGGED   STIFF    FRAME    WITH   HINGED    COLUMN 
BASES,  STRESSED  BY  A  HORIZONTAL  LOAD 

The  Principle  of  Least  Work  will  now  be  applied  to  the  solution 
of  the  reactions — and  consequently  the  moments,  shears,  and  direct 
stresses — in  a  three-legged  stiff  frame  acted  upon  by  a  horizontal 
force  P,  as  shown  in  Fig.  2.  It  will  be  seen  upon  referring  to  Fig.  2 
that  this  is  a  general  case  in  which  the  columns  have  unequal 
lengths  and  unequal  moments  of  inertia,  and  that  the  spans  have 
unequal  lengths.  It  is  assumed  that  the  top  cross-girder  will  have 
the  same  moment  of  inertia  I^  over  each  span,  for  structural 
reasons. 

Formulas  will  be  derived  for  this  general  case,  after  which  they 
will  be  modified  to  cover  various  special  cases. 

The  following  notation  refers  to  Fig.  2:        * 

/],  h,  and  ls=lcngtk  of  columns  BA,  CF,  and  DE,  respectively. 

s\  and  S2^span  lengths. 

I\y  Iz,  and  I:^=tnomcnts  of  inertia  of  columns. 

l4=nioment  of  inertia  of  cross-girder. 

P=a  horizontal  force  applied  at  the  neutral  axis  of  the  cross-girder. 

Hi,  Ho,  and  H-\=horizontal  reactions  due  to  P. 

V\,  Vz,  and  V-}=^vcrtical  reactions  due  to  P. 

M\,  Ml,  and  M\=moments  at  top  of  columns,  due  'o  the  force  P. 

Ml,  Mn,  Mm,  Miy,  and  A[y^=momrnts  at  any  point  in  parts  BA, 

CF.  DE,  BC,  and  CD,  respectively,  due  to  the  force  P. 
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The  structure  in  Fig.  2  contains  six  unknowns,  Hi,  Hz,  H3,  Vi, 

Vz,  and  F3. 

The  moments  Mi,  Mz,  and  M3,  are  equal,  respectively,  to 
— Hih,  ±  Hzh,  and  £^3/3.  Moments  causing  compression  in  the 
outside  fibre  of  the  structure  are  considered  positive. 

Three  unknowns,  say  Vz,  F3,  and  fl'3,  may  be  expressed  in 
terms  of  the  remaining  unknowns,  Vi,  Hi,  and  Hz,  by  the  three 
conditions  of  static  equilibrium. 

Then  Vi,  Hi,  and  Hz,  are  to  be  found  by  the  Principle  of  Least 
Work. 

From  the  three  conditions  of  static  equilibrium — namely, 
that  the  summation  of  horizontal  forces  equals  zero,  the  summation 
of  vertical  forces  equals  zero,  and  the  summation  of  moments  about 
any  point  equals  zero — 
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Fi+F^F3  =  0 

Hi+Hz+H:,  =  P 

Visi+V^sz—Hih—Hzh 


-H^h  =  0. 


{2) 
(3) 
(4) 


Equation  (4)  has  been  obtained  by  taking  moments  about  C 
Fig.  2. 

Vz={Vr-V,)  from  (2) {5) 

H3=P—Hi—Hz        from  (3) (6) 

„  Hlll-\-Hzlz-\-H'il-i Fl^l     r  f.x  fn,\ 

K3  = from  (4) (/) 

5? 
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The  moment  anywhere  in  column  BA  is — 
Ml   =  —  Hi  X,  X  measured  from  A . 

The  moment  in  column  CF  is — 
Mil  =  ±  Hz  X,  X  measured  from  F. 

The  moment  in  column  DE  is — 
Miii=        H-i  X,  X  measured  from  E. 

The  moment  in  the  girder  BC  is — 
Miv  =  —  Hill  -\-  Vi  X,  X  measured  from  B. 

The  moment  in  the  girder  CD  is — 
Mx  =       ^3  ^3  —  V3  X,  X  measured  from  D. 

Neglecting  the  deformation  due  to  shear  and  direct  stress,  which 
is  small  in  comparison  with  the  deformation  due  to  bending  moment, 
the  total  internal  work  of  resistance  is,  from  Eq.  (1), — 


CM^^dx       rM\,dx       fAPiudx       rM\ydx       fM^-i 
J   2hE  ^J    2I2E   +J     2hE   "^J     2hE   "^J    2h 


M\dx 
E 


Substituting  the  above  values  of  the  moments  Mi  to  My — 

'\—Hixy-dx     r(±H2xydx  ,  r\H:^xydx 


-HixY-dx     r(±H2xydx     r\ 

2I1E       ^J        2I2E       "^.'      2hE 


r{—Hiii-\-Vixydx     rWrzlT^m 
^J        2I4E        ^J        214E 

O  0 

Integrating    the    foregoing    equation   between    the  limits  in- 
dicated— 

_Hini^  ^  H2H2'   ,   ^3-/3^^   ,    HiHi'si       Hill  Visi^  ,    Vihi^   ,   H,H,'S2 


6I1E    '   GI2E    '   ei-^E    '     2UE  2I4E      '    6I4E    '     2UE 

^3/31^3^22  Vr?S2^ 


2I4E      '    6IiE 
But  H.  =  P-H,-H„.nd  y ,.^M,b±Eh±itzIkzll^}^ll', 

By  substituting  these  values  of  H^i  and  K3,  an  equation  is  obtained 
which  contains  no  unknowns  other  than  ^1,  Hz,  and  Vi.  The 
equation  is — 

_H^      H£ll       {P—Hi—H.y'U'      HiHihi      HihViSi^       Vihi^ 
*^~6IiE  "^  6I2E  "^  6I,E  "^    2I4E  2hE     ■•"  6UE 

{P-Hi-HoYhh.     {P-Hi-H2%[Hili-\-H^2+{P-Hi-H2)h-Vys{\s2 
"^  2UE  2hE 

[Hili-irH2l2+{P—Hi—H2)l^ViSiYs2 
■•■  GhE 
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Expanding  this  equation,  the  result  is— 

bliE     6I2E  -qJ^ 


2hE  2hE     ^  6hE^  Ji^ 


^:i:2PHils^+2Hm.h2~PH,hhs,~PH2hhs2-P2m^  +  2PEUs2 

2hE  

_^2PE2Us2  +  P  Fi/35i52  +  E,%US2  +  E^E2hUs,.  —  Hms->~2n.  ^oZ,2,. 

2hE  " 

^~HiVihsiS2+E^Ezhhs2  +  n2\hsr-E2H,h^E.  VihsiS2      E2'h's2 

[  ^^  ^-eJjE 

^S,\h2+H2n2h2+PHM+En.h,+  V,2s,h2+2E,EM.s.A-  2PE,hhs2 

6hE  — 

^—2HT^\hs2~2EiE2hhsr-2E^V^hsiS2  +  2PE2l2Us2  —  2E,E.UUso 

6UE 

^-^S^^hhs2-2E2V^l2SlS^2PE^hh^-2PE2m^-2PVrhs^S2+2E^E.hh. 

6hE 


+ 


2ExVihsiS2+2E2  VihsiS2 


t^'Z^ul'^'^'^  ^^^^^^^  ^  ^h^  f^^^going  equation,  the 


expression  becomes — 


^=E^^Ml^P'h'+H,%^+E2H?~2PE,h^~2PE.l?^  2E^E.l? 
bliE     6I2E  qY^  -^ 

+Miu~E}liZ}^\  Fi^^i3+  PHM  +E,HM  +  H2H.h2-2PE.hh. 
^^4^  ~ej^ 

^~2PH2hh2  +  2EM^s^PEAhs^PE2l2hs2-^PV.hs.s.-^H.2LU.. 

6I4E  '       ' 

^E^E2l2hS2~E^  V,l,S,S2-E,  V,ksiS2  +  E,E2hhS2  +  E.H.LS.4.H,21^2.. 

6hE  ' 

^  ^2^/2^52+  Vih^h2  +  2E^E2hl9S2~2ErV^hs,Sr-2E.V.Us.,. 

6hE  ~  ~ 


IZ^e^nJ""'  ^^'-^^  of  Castigliano,  it  is  seen  that  if  the 
forces  El,  1 
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sent  the  displacement  of  the  points  of  application  of  these  forces. 
But  since  the  points  of  application  of  the  forces  Hi,  Hi,  and  V\,  do 
not  move,  each  of  the  derivatives  will  be  placed  equal  to  zero,  as 
stated  in  the  second  Theorem. 

Differentiating  with  respect  to  Hi — 

dw  ^Hih'i     Hil/       PI/      H2I/     Hih'si      hVisi'     Hihhi      PUh-2 
dHi     ShE^ShE      3hE~^3hE^   liE         2UE^3UE       SUE 

,  Hd'A'Si       Plihs-2  .   Hilihsi        Hdihsi        Vilzsisi        Hdihs-i  .    Hilrsi 


SUE        6UE    '    SUE     '     6UE  6UE  6UE  SUE 

HillliS-2  VlllSlS-2 


=  0 (8) 


'    SUE         SUE 

Differentiating  with  respect  to  H2 — 

Jco  _  ^2/2^      flW       Ph^  A. Ml.     -^2/3^^2  _ W£2     HiUh2     Py^sz 
dHz'ShE^SIzE     SUE'^SUE^  SUE      SUE '^  SUE      6UE 

'     6UE        6UE  ~^  6UE  "^  SUE        SUE  ^  SUE        SUE 

(9) 


Differentiating  with  respect  to  V 


di» Hihs^     V\S\   I  PhsiSz     HihsiSo Hdasis-i  .    Visi^s-i Hilisis-2 

dVi^~  2UE     SUET    6UE       6UE         6UE  '^  SUE         SUE 

-Ike-' ;■; y°) 

After  each  of  the  preceding  equations  is  multiplied  by  SI^E, 
and  other  reductions  are  made,  they  take  the  following  final  form: 

+ H-Ih  (  7^+^i +^'^ +^^=' )  +2I11A 

—  FiL^S/il+^/i+Z;.)]— P/«(^'+/i+^/=.)  =0 (H) 

HhJ^^+li^-l2  +  2l:^  +2I11A 
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—Ph 


s-ih 


-h+2h 


)-o 
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{12) 


\sh^+2h^h   +H2  2h+l?\r-V^2silj^-Vl\    —Ph  =  0 (13) 


Equations  (11),  (12),  and  (13),  are  simultaneous  equations,  and 
all  that  remains  to  be  done  is  to  substitute  the  proper  values  of  the 
column  lengths,  span  lengths,  and  moments  of  inertia,  after  which 
the  reactions  Hi,  Hz,  and  Vi,  may  be  found  for  any  general  case 
such  as  is  shown  in  Fig.  2. 


T,-^ 
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If  the  stiff  frame  is  made  of  reinforced  concrete,  it  is  not  likely 
that  the  exact  amount  of  steel  is  known  at  this  time,  so  that  the 
exact  moments  of  inertia  can  not  be  obtained.  However,  since  the 
moments  of  inertia  invariably  appear  as  ratios,  it  will  be  sufficiently 
close  to  use  the  moments  of  inertia  of  the  rectangular  sections,  dis- 
regarding that  of  the  steel. 

The  remaining  reactions,  Hz,  Vz,  and  Vz,  may  now  be  found 
from  equations  (5),  (6),  and  (7).  For  convenience,  the  formulas  will 
be  repeated  here.     Thus: 


m=p—Hi—H2 

Hih+Hzh+Hd-^Visi 


Vz-- 


F2=(F:r-Fl). 


^2 


XU) 

X16) 
.{16) 


In  solving  for  V2,  proper  attention  must  be  paid  to  the  algebraic 
signs  of  Vi  and  F3. 
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If  the  value  of  any  force  comes  out  with  a  negative  sign,  its 
direction  is  opposite  to  that  assumed  in  the  figures. 

SPECIAL  CASES 

Various  special  cases  will  now  be  considered.  It  will  be  seen  that 
the  general  formulas  become  greatly  simplified  as  the  structure 
approaches  the  conditions  assumed  in  Fig.  1. 

CASE  I. — For  legs  having  equal  lengths  (but  unequal  moments 
of  inertia),  the  spans  remaining  unequal  Eqs.  (11),  (12),  and  (13), 
reduce  to  the  following: 

—pUlj  +  552  )  =0 {17) 

—p(2lj+Ss2^^0 {18) 

H\3{sx  +  S2)^^^-H2\3s?\  —  vS2'j.{si  +  s-i)\-Ps2-=0 {19) 

CASE  II. — For  equal  spans,  the  legs  remaining  unequal,  equa- 
tions (11),  (12),  and  (13),  reduce  to  the  following: 

—  vIs{Bh+h)\-PlJ^^^h+2h\  =0 {JO) 

nhJ^^^-h^h+2h\  +^/i/2l 

+K*('f +'=+'■)  +~'K^+'-)] 

~vL^2h^l.A-Ph(^^+l2+2h\  =0 


{^n 
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Hi\  Oh^h 


-\-H2 


2l2  +  h 


V, 


-~FI,  =  0 


\22) 


CASE  III. — For  legs  having  equal  lengths,  but  uneqal  moments 
for  inertia,  the  spans  also  being  equal,  the  Eqs.  (11),  (12),  and  (13), 
reduce  to  the  following: 


Uy 


Ji 


-e 


^■ 


H 


-Pi  ilj+Ss  1=0 


/V 
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^^ 
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r/G.4 
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^%o 
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•^ 
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^(4: 


-\-3s]=0 


Mf:+f:)-^-]-+T] 


6Hi  +  3H2—/A  Vi—P  =  0 . 


(23) 


m) 


{25) 


CASE  IV. — When  the  spans  are  equal,  and  the  legs  have  equal 
lengths  and  equal  moments  of  inertia  I,  independent  expressions  for 
the  reactions  maybe  found.  First,  Eqs.  (11),  (12),  and  (13),  take 
the  following  form: 

Hi\j^l  hjrl2s']jr  H.Im  l^-{-6s~\—  Vi  Ujl  —P  Ul-^  +  3s\=0 

mUih  -\-6s']  +  H^Wi^-^^-es^—Vi  Uj\—P  hi  J  +  ss\  =o 
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6Hi  +  SH2 


Vi 


P  =  0 


Multiplying  the  second  of  the  foregoing  equations  by  2  and 
then  subtracting  the  first  equation  from  it  the  remainder  is — 

hJgI  ^  +  6s~\—P  (^^7  +  ^')  ^0 


Solving  for  H2,- 


H2= ^-P. 

6l  +  6s-r 


<r 


I/" 


H 


^     ^ 


N» 


H 


z/] 


\L 


H, 


■^ 


i,A 


l^ 


n 


^^->i> 


^2 


riG.  5 


^^l/, 


(2S) 


p 


Multiplying  the  third  of  the  above  equations  by  \s  and  sub- 
tracting it  from  the  first  equation,  then  substituting  the  value  of 
7/2  from  Eq.  (26),  an  expression  for  ll\  is  found  which  contains  no 
other  unknown.     Solving  for  Hx — 


J^l  +  Ss 


//]  = 


(f7) 


Subtracting  the  sum  of  U\  and  Hz  from  P,  the  value  of  //i  is — 
/ 


hl-\-Ss 


//,= 


^•P. 


\S8) 
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From  Eqs.  (27)  and  (28),  it  is  seen  that  under  the  special  con- 
ditions of  Case  IV  the  horizontal  reactions  H\  and  Hz  are  equal  to 
each  other.  This  would  be  expected,  because  of  the  symmetry  of 
the  frame. 

Equations  (26),  (27),  and  (28),  show  that  as  li  approaches  in- 
finity (the  value  assigned  to  U  when  the  cross-girder  is  assumed  to 
be  rigid),  the  values  of  Hi,  Hz,  and  Hz,  each  approach  ^P  (See  Fig. 
1).  On  the  other  hand,  as  I^  approaches  zero,  the  value  of  H? 
approaches  \P,  while  the  values  of  Hi  and  Hz  each  approach  \P. 
Hence  the  theoretical  range  in  the  value  of  Hz,  when  the  frame 
meets  the  conditions  in  Fig.  6,  is  from  ^P  to  ^P;  and  for  Hi  and  Hz 
the  range  is  from  \P  to  |P.  This  character  of  frame  has  been  dis- 
cussed in  the  earlier  portion  of  this  article. 
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FIG.  6 


CASE  V. — The  cross-girder  is  assumed  to  be  rigid. 

Assuming  the  cross-girder  to  be  rigid  has  the  effect  of  making 
/4  equal  to  infinity.  The  three  Eqs.  (8),  (9),  and  (10),  then  take 
the  form — 


^i^i'^  I  ^1^3"   I  Hzlz  Plz  __^  ,2Q\ 

I\  Iz  Iz  li 

Hzl'i      Hzlz^   ,  Hilf      Pii'^ri  (^n\ 

-i7'^~h^^z    17-^ : ^'^^^ 

0  =  0 (SI) 

"'(Ty"<T^'£}=  © f^^'"^'"^ 
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,  and  subsliluling 
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Finally- 
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^  /v7,  +  /3=7, 


Similarly 


H2  = 
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•Si 


ii=CX3^ 
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VALUE  OF   Fi  IN  TERMS  OF  Hi  AND  Ih. 

It  may  be  desirable  in  certain  cases  to  know  the  value  -of   Vi 
in  terms  of  Hi  and  H2. 

GENERAL  EQUATION.— From  Eq.  (13) 

Hiish-  +  ^/,  +  /3  )  +  H2  (^/2  +  /3  )  — P/. 
Vi  =       ^      '' -^ ^ ^- {35) 

\  So 

In  CASE  I  the  legs  have  equal  lengths  /  (but  unequal  moments 
of  inertia),  the  spans  remaining  unequal.     Eq.  (35)  then  becomes — 


H, 


3(^  +  1 
sz 


+  3H2—P 

iS6) 


I   \  So 

In  CASE  II  the  spans  are  equal,  the  legs  remaining  unequal. 
Eq.  (35)  becomes — 

^,^_Hi{5h+h)+H2{2h+h)-Ph  ^         ,^^^ 

4s 

In  CASE  III  the  spans  are  equal  and  the  legs  have  equal 
lengths,  but  unequal  moments  of  inertia.  Eq.  (35)  becomes — 

y^=eH,+  m,_-p (j^^ 

4 

In  CASE  IV  the  spans  are  equal,  the  legs  are  equal  and  have 
equal  moments  of  inertia.     Eq.  (35)  becomes — 

Fi  =6Hi-^SH2-J 

4 

Note: — Equations  (38)  and  (39)  have  the  same  form,  but  not 
the  same  value,  inasmuch  as  the  values  of  Hi  and  Ho  are  different 
in  the  two  cases. 

In  CASE  V,  the  upper   cross-girder  is  assumed  to  be  rigid. 
The  expression  for  Vi  will  have  the  same  form  as  in  the  GENERAL 
EQUATION,  but  the  value  will  be  different,  inasmuch  as  the  values 
of  Hi  and  H2  will  be  different      Thus: 
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In  the  very  special  case  where  spans  are  equal,  legs  are  equal 
and  have  equal  moments  of  inertia,  and  the  cross-girder  is  assumed 
as  being  rigid,  the  value  of  Vi  will  be  as  in  Equation  (39),  except 
that  H\=^Hi  —  ]/^  P,  so  that  the  expression  is — 

"-f «'> 

The  value  in  equation  (41)  is  the  value  referred  to  at  the 
beginning  of  this  article,  in  which  it  was  also  assumed  that  Vi^= — V\ 
and  that  V2=0. 

These  last  values  are  correct  for  the  very  special  conditions 
named,  but  as  the  relations  between  span  lengths  and  between 
column  lengths  are  made  to  vary,  the  values  of  the  reactions  vary 
rapidly.   By  way  of  further  illustration,  the  following  is  given: 

A  three-legged  stiff  frame  has  column  lengths  of 
h  =  42'.5,  h  =  34'.0,  and  /,  =  29'.75;  span  lengths  of 
si  =  S2—  17'.0;  moments  of  inertia  of  Ii~  10  I,  l2=Ii=J, 
and  /4  =  8  /.  The  frame  is  acted  upon  by  a  longitudinal 
traction  force  of  120,000  lbs.  What  are  the  horizontal  and 
vertical  reactions  at  the  base  of  columns,  considering  the 
columns  hinged  at  the  base? 

From  equations  (20),  (21),  and  (22),  the  values  are, 
Fi  =  71,500  lbs., i72  =  21,0001bs.,H3  =  27,500  lbs.,  I'l  =  232,500 
lbs.,  F2=— 196,000  lbs.,  and  F3=— 36,500  lbs. 
The  foregoing  example  further  demonstrates  the  fact  that  the 

usual  assumptions  made  for  special  conditions  do  not  apply  at  all 

when  conditions  become  more  general. 

MOMENTS 

The  moments  in  all  the  parts  of  the  frame  may  be  found  from 
the  equations  following  Eq.  (7),  after  the  reactions  have  been  found. 

SIIE.\RS 

The  shears  in  the  columns  arc  equal  to  the  horizontal  reactions. 
The  shear  in  the  girder  over  the  left  span  is  equal  to  V\.     The 
shear  in  the  girder  over  the  right  span  is  equal  to  W. 

DIRECT  STRESSES 

The  direct  stress  in  any  column  is  equal  to  the  vertical  reaction 
on  that  column. 
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The  direct  stress  in  the  girder  over  the  left  span  is  equal  to  H\. 
The   direct   stress  in  the  girder  over  the  right  span  is  equal  to 

MOMENT  AND  SHEAR  DIAGRAMS 

The  moments  throughout  the  frame  are  represented  graphically 
in  Fig.  8,  Moments  causing  compression  in  the  outside  fibre  of 
the  structure  are  considered  positive.  The  small  circles  represent 
points  of  contraflexure.  In  some  cases,  as  in  the  last  example,  one 
or  both  of  the  top  girders  will  have  the  same  kind  of  moment  over 
the  entire  span,  so  that  no  point  of  contraflexure  exists  in  that  span. 
Such  a   condition  is  likely  to  be  found  either   when  the   comer 


C7c/p/ca/  Moment  Diagram^ 

moment  at  the  top  of  the  adjacent  outside  column  is  comparatively 
large,  or  when  the  vertical  reaction  in  the  adjacent  outside  column 
is  comparatively  small.  Fig.  9  represents  roughly  the  moments  in 
the  frame  mentioned  in  that  example. 

The  shears  in  the  various  members  of  the  structure  are  rep- 
resented graphically  in  Fig.  10.  Their  actual  values  are  given  in  a 
previous  paragraph. 

COLUMN  BASES  FIXED  OR  PARTIALLY  FIXED 

In  the  foregoing  solution  the  column  bases  are  considered 
hinged.  It  would  be  possible  to  derive  similar  equations  for  fixed 
column  bases;  but  since  the  structure  under  those  conditions  would 
contain  nine  unknowns,  it  would  be  necessary  to  find  six  of  them 
by  the  Principle  of  Least  Work.  This  would  lead  to  six  simul- 
taneous equations,  and  consequently  the  formulas  would  be  too 
long  and  complicated  to  be  of  practical  use.    Furthermore,  it  is  not 
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probable  that  the  column  bases  could  be  fixed  on  the  average  foun- 
dation material.  It  should  also  be  remembered  that  considering 
the  bases  hinged  has  the  effect  of  increasing  the  bending  moment 
throughout  the  structure,  so  that  the  solution  given  will  be  on  the 
safe  side. 

If  for  any  reason  the  material  of  the  foundation  or  the  form 
of  the  footing  is  such  as, to  fix,  or  partially  fix,  the  column  bases, 
then  the  columns  will  have  points  of  contraflexure  at  some  distances 
hi,  //2,  and  Its,  above  the  bases.    (See  Fig.  11.) 


r/G.  9 

'  (Momenf  Diagram) 


Consider  any  column,  as  DE.  If  both  the  top  and  base  of  this 
column  were  absolutely  fixed,  or  ])artially  fixed  to  an  equal  extent, 
the  value  of  //.,  would  be  3^/3.  However,  for  structural  reasons  the 
top  girder  is  likely  to  be  quite  large,  so  that  the  joint  at  D  will  be 
more  rigid  than  the  bAsc  at  E.  This  will  have  the  effect  of  lower- 
ing the  point  of  contraflexure,  giving  a  value  of  //s  somewhat  less 
than  YiU. 

Because  of  the  uncertainty  of  the  degree  of  fixity  at  the  base, 
it  will  be  better  to  find  the  moment  which  the  base  is  capable  of 
taking,  after  which  the  point  of  contraflexure  may  be  fotmd  by 
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means  of  this  moment.  This  is  done  by  first  computing  the  hori- 
zontal reactions  as  though  the  bases  were  hinged.  The  moments  in 
the  columns  are  then  found  by  the  equations  following  Eq.  (7),  and 
laid  off  as  shown  in  the  dotted  lines,  Fig.  11.  The  moments  mi,  ntz, 
and  nis,  which  the  bases  are  capable  of  taking,  are  now  laid  off  at  the 
column  baseSj  and  lines  GJ,  KL,  and  QR,  are  drawn  parallel  to  the 
dotted  lines,  and  the  points  of  contraflexure  are  thus  located  where 
these  lines  intersect  the  column  lines.  However,  the  point  of  contra- 
flexure should  in  no  case  be  taken  higher  than  half  the  column  length. 
The  reactions  are  now  recomputed  as  before,  except  that  the  columns 
are  considered  hinged  at  the  points  of  contraflexure. 


M  J 


v, 


FIG.  lO  ^ 

(Typical  Shear  Diagram) 


The  values  of  the  moments  wi,  mi,  and  Wa,  which  the  bases  are 
capable  of  taking,  are  obtained  directly  from  the  fundamental 
formula — 


Or,  if  the  column  footings  be  rectangular,  with  a  width  of  h 
perpendicular  to  the  direction  of  the  force  P,  and  a  length  d  parallel 
to  P,  the  equation  is — 

._phd^ 

6 


M 


If  p  be  expressed  in  pounds  per  sq.  ft.,  and  b  and  d  in  feet,  the 
value  of  M  will  be  in  ft. -lbs. 
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Suppose  now  that  the  base  of  the  column  DE  in  Fig.  11  has  a 
width  6  of  6  ft.  and  a  length  (Z  of  8  ft.  The  allowable  soil  pressure 
is  8,000  lbs.  per  sq.  ft.,  and  the  maximum  load  on  the  soil  from  all 
direct  loads  amounts  to  6,000  lbs.  per  sq.  ft.  This  leaves  a  pressure 
of  2,000  lbs.  per  sq.  ft.  which  may  be  taken  in  flexure — that  is,  p 
may  be  2,000  lbs.  per  sq.  ft.  The  moment  which  the  base  may  then 
take  without  loading  the  soil  beyond  the  maximum  will  be — 


nii' 


6    ~  6 


■128,000  ft. -lbs. 


The  maximum  pressure  on  the  soil  will  then  be  8,000  lbs.  per 
sq.  ft.,  although  on  the  opposite  side  of  the  footing  the  pressure 
will  be  correspondingly  reduced  to  4,000  lbs.  per  sq.  ft.    In  case  the 


last  named  pressure  should  be  reduced  to  less  than  zero,  the  above 
solution  would  not  hold.  It  might  of  course  be  possible  for  the 
base  to  take  a  moment  greater  than  128,000  ft. -lbs.;  but  the  object 
in  view  is  to  make  the  design  consistent  throughout,  by  making  the 
rest  of  the  structure  so  strong  that  it  will  be  unnecessary  for  the 
base  to  take  more  than  that  amount. 

In  general,  the  column  footings  should  be  considered  hinged, 
inasmuch  as  no  actual  adhesion  exists  between  the  bottom  face  of 
the  footing  and  the  foundation  material.  A  very  slight  rocking  of 
the  footing  would  preclude  the  possibility  of  its  taking  any  moment, 
and  it  should  not  be  considered  as  doing  so  unless  the  footing  area 
is  very  large  or  the  foundation  material  is  of  a  very  fimi  character. 
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PRACTICAL    APPLICATION. 

The  formulas  derived  in  this  article  may  be  applied  to  various 
classes  of  three-legged  frames  or  bents  having  rigid  joints  and  no 
lateral  bracing,  the  only  condition  imposed  being  that  the  structure 
shall  have  the  same  relative  modulus  of  elasticity  throughout.  As 
a  matter  of  fact,  if  different  members  of  the  structure  had  different 
moduli  of  elasticity,  these  factors  could  be  retained  in  the  equations ; 
but  such  a  condition  would  hardly  occur  in  practice. 

These  formulas  will  perhaps  have  the  most  frequent  application 
in  the  design  of  reinforced  concrete  frames.  Many  designers  of 
this  class  of  structures  have  found  a  scarcity  of  engineering  formulas 
which  may  be  properly  applied  to  the  peculiar  characteristics  of 
reinforced  concrete,  since  in  the  majority  of  cases  the  published 
formulas  have  been  developed  for  use  in  the  design  of  steel  or 
wooden  structures.  An  example  of  the  possible  application  of  the 
formulas  in  this  paper  may  be  seen  in  Fig.  9,  which  represents  one 
side  of  a  bridge  abutment  of  a  type  which  has  in  recent  years  been 
constructed  to  some  extent  by  railway  companies.  Because  of  the 
uncertainty  of  analysis,  these  abutments  have  frequently  been 
burdened  with  an  excess  of  material,  although  the  excess  was  not 
necessarily  placed  where  it  might  do  the  most  good.  The  economic 
advantages  of  such  abutments  were  thoroughly  discussed  by  Mr. 
Alfred  W.  Hoffmann  in  Railway  Engineering  and  Maintenance  of 
Way,  March,  1914.  These  advantages  will  become  apparent  after 
a  proper  study  of  the  conditions.  An  ordinary  retaining  wall  abut- 
ment would  have  to  support  the  earth  fill  back  of  it,  and  long  wing 
walls  would  have  to  be  constructed  to  retain  the  slope  of  the  fill,  all 
of  which  would  require  an  enormous  amount  of  material  where  the 
abutments  are  quite  high,  as  they  usually  are.  In  consequence,  solid 
abutments  would  either  have  to  be  made  very  large,  or  they  would 
have  to  be  placed  farther  up  on  the  slope,  thereby  increasing  the 
span  and  cost  of  the  superstructure. 

Nothing  has  been  said  thus  far  in  regard  to  vertical  loads,  for 
the  reason  that  approximately  correct  results  may  be  obtained  by 
designing  the  top  girder  as  a  continuous  beam  with  fixed  ends.  A 
more  accurate  method  for  the  solution  of  moments  due  to  vertical 
loads  is  a  graphical  method  given  in  Amvendungen  der  Graphischen 
Statik,  third  volume,  by  Dr.  W.  Ritter.  For  convenience  the  outside 
columns  of  the  frame  may  be  rotated  about  their  tops  into  a  hori- 
zontal position  and  the  structure  may  be  designed  as  a  continuous 
beam  of  four  spans,  with  the  ends  either  simply  supported  or 
partially  fixed,  accordingly  as  the  column  bases  are  hinged  or  par- 
tially fixed.  However,  the  moments  due  to  vertical  loads  will  in 
general  be  far  less  severe  than  those  due  to  horizontal  loads. 

In  view  of  the  previously  available  methods  for  computing  the 
moments  due  to  vertical  loads,,  this  paper  will  complete  the  analysis 
of  the  Three-legged  Stiff'  Frame.    Indebtedness  is  acknowledged  to 
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Mr.  Somers  H.  Smith,  who  has  checked  and  criticised  a  considerable 
part  of  this  article. 

Discussion. 

J.  J.  Rickey  (Texas  Agricultural  and  Mechanical  College). 
Mr.  Stineman's  paper,  presenting  an  analysis  of  the  three-legged 
stiff  frame,  is  a  timely  discussion  of  a  subject  which  of  late  has  en- 
gaged the  attention  of  a  considerable  number  of  engineers.  The 
newer  types  of  reinforced  concrete  abutments  require  much  more 
of  mathematical  analysis  than  the  usual  solid  abutments,  and  the 
difficulty  of  making  the  computations  has  probably  stood  in  the  way 
of  their  more  general  adoption. 

At  first  sight  the  rather  formidaljle  looking  equations  and  re- 
ductions used  by  Mr.  Stineman  in  arriving  at  his  general  equations 
for  the  reactions  of  the  three-legged  frame,  may  tend  to  frighten  the 
engineer  who  is  not  well  "up''  on  his  mathematics,  but  the  deduced 
formulas  are  not  really  difficult  to  use,  requiring  only  the  very 
simple  operation  of  the  algebraic  solution  of  three  simultaneous 
equations.  The  writer  had  occasion  recently  to  make  use  of  some 
of  these  formulas  in  checking  the  design  of  an  abutment,  and  the 
labor  of  finding  the  values  of  the  reactions  by  their  use  was  a  very 
small  part  of  the  total  labor  involved. 

The  thoroughness  and  detail  with  which  the  analysis  has  been 
made  will  doubtless  be  found  helpful  to  those  who  wish  to  familiarize 
themselves  with  the  practical  application  of  the  principle  of  least 
work.  The  text-books  do  not  usually  devote  enough  space  to  the 
treatment  of  this  subject  to  make  it  intelligible  to  the  student,  and 
the  principle  of  least  work  is,  to  many,  little  more  than  a  name  and 
a  subject  for  a  joke.  Such  applications  as  that  given  in  Mr.  Stine- 
man's paper  should  do  much  to  clear  away  the  haziness  with  which 
the  average  engineer  regards  this  oft-mentioned  but  little-under- 
stood principle. 

In  the  treatment  of  the  frame  with  legs  fixed  or  partially  fixed 
at  the  bottom,  something  further  may  be  said.  The  author  states 
that  "considering  the  bases  hinged  has  the  effect  of  'increasing  the 
bending  moment  throughout  the  structure,  so  that  the  solution  given 
will  be  on  the  safe  side."  He  would  except,  of  course,  the  lower 
end  of  the  column,  which,  with  hinged  base,  would  have  no  moment 
at  the  l)ottom.  but  with  fixed  or  i)artially  fixed  base  would  have  a 
moment  as  great  or  nearly  as  great  at  the  bottom  as  at  the  toji. 

'I'he  ])roposed  method  for  finding  the  moment  which  the  base 

is  capable  of  taking,  l)y  the  u^^e  <»f  the  fonnnl.i  .1/ =  — ,  as  a  means 

c 

of  determining  the  nionunt  al  the  bottom  and  the  top  of  the  column 
which  is  ])artially  fixed  at  the  liottom.  is  open  to  some  criticism. 
There  can  hardly  be  any  assurance  that  the  value  for  the  safe  foun- 
dation   ]tr(.'ssnre    assmnrd    or    prescril)ed    will,    when    used    in    the 
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formula  ilf  =  — ,  give  any  reliable  measure  of  the  maximum  mo- 
c 

ment  which  can  occur  at  the  bottom  of  the  column.  It  will,  in 
general,  be  rather  uncertain  what  the  safe  foundation  pressure  is, 
and  moreover,  it  is  difficult  to  see  just  what  the  term  "safe  founda- 
tion pressure"  really  means  in  the  present  connection.  Our  knowl- 
edge of  the  action  of  a  soil  foundation  under  unequal  pressure  over 
the  base  of  a  structure  is  hardly  sufficient  to  enable  us  to  say  that 
up  to  a  certain  pressure  the  soil  will  compress  so  little  as  to  keep 
the  column  undeflected  or  sufficiently  so  at  the  base  that  a  certain 
corresponding  moment  will  be  developed  in  the  column,  but  that  at 
pressures  beyond  this  value  the  compression  of  the  soil  and  the 
deflection  of  the  column  increase  to  such  an  extent  that  no  greater 
moment  can  occur  in  the  column  at  the  base.  The  point  is,  then, 
that  the  question  of  what  moment  can  be  developed  at  the  base  of 
the  column  is  as  much  one  of  judgment  or  estimation,  within  limits, 
as  of  mathematics.  The  two  extreme  conditions  may  be  taken  as 
follows:  (1)  the  column  is  hinged  at  the  base,  and  the  moment 
varies  from  zero  at  the  bottom  to  a  maximum  at  the  top;  (2)  the 
bottom  and  the  top  are  fixed  to  an  equal  extent,  in  which  case  the 
moments  at  these  points  are  each  equal  to  half  the  maximum  value 
for  the  other  condition.  The  true  condition  may  be  anywhere  be- 
tween these  extremes,  and  it  would  seem  more  direct  and  more 
consistent  to  assume  at  once,  without  mathematical  computation, 
this  intermediate  condition,  guided,  of  course,  by  the  information  at 
hand  concerning  the  nature  and  "safe  pressure"  of  the  foundation. 

Laying  aside  the  matter  discussed  in  the  last  paragraph  above, 
in  which  it  appears  that  mathematical  treatment  is  probably  carried 
a  little  too  far,  the  solutions  presented  by  Mr.  Stineman  show  con- 
clusively the  need  for  exact  analysis  of  such  structures  as  the  three- 
legged  frame.  The  startling  discrepancies  between  the  values  ob- 
tained by  the  use  of  his  exact  formulas  and  those  found  by  means 
of  the  common  assumptions,  which  are  approximately  correct  only 
for  special  cases,  show  how  unsafe  it  is  to  depend  upon  these 
approximate  (  ?)  formulas  for  this  type  of  structures. 

F.  E.  Vey,  assoc.  w.  s.  e.  :  The  writer  wonders  how  those  spe- 
cializing in  the  design  of  reinforced  concrete  will  view  the  efforts 
of  Mr.  Stineman.  He  is  doubtful  if  the  majority  of  designers  will 
look  upon  them  in  any  other  way  than  that  they  are  a  mass  of  mathe- 
matical work  to  be  avoided. 

It  appears  that  the  open-paneled  structures  (panel  without  diag- 
onal members)  will  be  one  of  the  chief  characteristics  of  advanced 
reinforced-concrete  design.  If  this  is  so,  we  ought  to  have  some 
method  of  finding  the  stresses  in  these  open  panels  caused  by  the 
action  of  any  loads  that  may  come  upon  the  structure.  \\^ithout 
knowing  such  stresses,  we  must  resort  to  judgment  in  the  size  of 
sections  and  the  amount  and  disposition  of  the  steel. 
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Consider  now  the  method  of  design  which  is  based  almost  en- 
tirely on  judgment.  The  writer's  idea  of  the  method  of  design  by 
judgment  is  to  have  a  definite  idea  of  the  kind  of  structure  that  will 
work,  and  from  this  definite  idea  to  deduce  what  variations  are 
necessary  to  produce  a  structure  that  will  fit  the  case  in  hand.  The 
method  must  be  bounded,  on  the  one  side  by  the  bitter  lessons  of 
failure,  and  on  the  other  side,  by  the  peculiar  faculty  of  instinct.  In 
the  use  of  this  faculty  there  generally  is  at  the  back  of  the  mind 
a  possibility  of  failure  and  a  necessary  lesson  to  be  derived  there- 
from. 

Engineers  entrusted  with  the  planning  of  structures  should 
produce  such  designs  as  they  know  will  meet  the  ordinary  demands 
made  upon  the  structures.  Their  em])loyers  expect  this  and  the 
general  jjublic  which  travels  over  them  has  confidence  that  its  safety 
is  assured  through  the  faithful  performance  of  the  designer.  Any- 
one who  does  not  strive  to  the  utmost  of  his  powers  to  attain  this 
ideal  of  safety  should  rest  content  with  copying  the  older  classes  of 
design  and  not  striking  out  in  tlie  untried  fields  of  economic  rein- 
forced-concrete  design. 

Every  advance  is  at  the  cost  of  a  sacrifice,  and  if  one  is  not 
willing  to  make  this  sacrifice  in  the  form  of  laborious  general  in- 
vestigations and  painful  attention  to  details,  he  should  not  attempt 
any  advanced  step.  It  seems  to  the  writer  that  the  ultimate,  per- 
fected, reinforced-concrete  design  will  be  based  on  a  few  general 
])rinciples,  which,  combined  in  dififerent  ways,  give  numerous  forms 
of  details.  To  design  by  instinct  and  judgment,  in  place  of  science, 
we  will  meet  these  combinations  and  permutations  separately,  and 
there  are  many  such  combinations  in  a  structure  of  any  size.  It 
seems  then  that  we  would  have  numerous  places  to  fall  far  short  of 
requisites  and  we  must  remember  that  a  structure — as  well  as  a 
chain — is  only  as  strong  as  its  weakest  link,  and  this  weak  link 
may  be  some  (apparently)  insignificant  detail. 

Allowijig,  for  the  time  being,  that  an  advanced  type  of  structure 
can  be  designed  primarily  by  judgment,  the  next  question  is — how 
many  of  the  profession  are  capable  of  using  this  method?  It  is  the 
writer's  opinion  that  there  are  very,  very  few  indeed.  For  the  rest 
of  us,  we  will  have  to  depend  upon  the  method  of  *'two  and  two  are 
four,"  that  is,  the  method  which  has  in  back  of  it  some  science 
(classified  experience  and  means  of  sub-dividing  or  multiplying  this 
experience). 

So  much  for  instinct.  Now  for  the  i)art  of  judgment,  that 
depends  upon  a  general  idea  of  a  structure  that  will  work.  In  the 
newer  departures  of  reinforced  concrete  that  we  are  constantly 
tempted  into,  how  often  do  we  have  a  definite  idea  of  a  structure 
that  will  work?  The  writer  ventures  to  say  that  very  few  of  us 
have  any  confident  notion  of  such  a  structure  when  wc  arc  dealing 
wilh  one  of  these  advanced  types. 

••"rom  the  foregoing  consideration  it  seems  that  the  method  of 
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judgment  in  the  design  of  advanced  types  of  construction  is  one 
that  the  mass  of  engineers  cannot  follow  if  they  are  honorably  to 
fulfill  their  office  as  designers  of  trustworthy  structures. 

We  must  then  find  some  method  of  knowing  the  stresses  in 
these  statically  indeterminate  structures. 

The  writer,  for  a  considerable  time,  sought  in  vain  for  a  bundle 
of  tricks  by  which  he  might  get  at  the  stresses  in  these  structures 
and  avoid  the  use  of  higher  mathematics.  He  was  finally  forced  to 
adopt  this  fearful  mathematical  work,  and,  much  to  his  surprise, 
found  that  it  consisted  only  of  such  elementary  manipulations  in 
calculus  as  the  average  student  in  the  subject  could  pick  up  with  only 
a  few  hours  review  of  his  college  work.  The  biggest  element  of  the 
problem  was  drudgery  combined  with  simple  arithmetic  accuracy. 
The  rest  consisted  of  ingenuity  of  arranging  and  cutting  down  the 
work. 

Mr.  Stineman  has  presented  a  trustworthy  method  of  getting 
at  these  stresses  and  if  one  will  study  it  carefully  it  will  put  him  in 
a  position  to  solve  this  class  of  construction.  The  writer  has  found 
it  most  convenient  to  treat  each  problem  as  a  special  case,  that  is, 
put  all  moments  of  inertia  in  terms  of  one  of  the  inertias,  say  the 
smallest,  and  to  put  all  the  lengths  in  terms  of  one  length.  In  this 
way  many  of  the  terms  that  are  algebraically  independent  can  be 
added  arithmetically  into  one  term,  thus  cutting  down  the  length 
of  the  equations.  However,  where  a  certain  type  of  structure  con- 
stantly presents  itself,  it  may  be  well  to  make  an  algebraic  solution 
as  Mr.  Stineman  has  done. 

There  are  other  methods  of  solving  this  and  similar  problems, 
such  as  the  method  of  area  moments,  virtual  displacement,  and  the 
graphic  method  of  the  ellipses  of  elasticity.  However,  all  these 
methods  involve  a  considerable  amount  of  work  and  it  seems  that^it 
is  up  to  the  profession  to  find  some  way  to  reduce  this  work.  This 
can  be  done  in  an  indirect  way  by  making  the  process  as  mechanical 
as  possible  by  a  skilful  system  of  tabulation  for  each  process.  An- 
other indirect  method  is  to  lay  out  the  structure  so  as  to  have  the 
minimum  amount  of  indeterminateness. 

By  way  of  direct  methods  we  might  find  some  graphic  process 
that  will  be  more  rapid  than  the  algebraic.  Also  short  cuts  might  be 
made  if  we  could  throw  out  of  the  problem  for  the  time  being  cer- 
tain reactions  on  some  members  that  will  only  slightly  afifect  the 
reactions  on  the  members  sought.  This,  however,  requires  an  inti- 
mate knowledge  of  the  action  of  open-paneled  structures,  but  we 
may  expect  that  this  will  be  the  good  fortune  of  some  of  us  in  time 
to  come. 

Another  method  that  the  writer  has  in  mind,  which  he  thinks 
will  be  along  the  lines  that  this  class  of  structures  will  be  ultimately 
designed  upon,  is  what  he  would  call  the  method  of  successive  ap- 
proximations, that  is,  cut  and  try.  In  this  method  the  structure  is 
cut  into  two  or  more  simple  frames  whose  properties  under  unit 
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nioiiieiits  and  unit  horizontal  and  \ertical  forces  are  known  or  can 
be  directly  found  from  a  set  of  curves  that  have  been  drawn  for 
these  simple  frames.  A  direct  force  and  a  shear,  also  a  moment,  are 
assumed  acting  at  the  point  cut,  their  value  being  some  fraction  of 
the  unit  force  acting  on  the  whole  structure.  The  horizontal  and 
vertical  movement  and  the  rotation  at  the  i)oint  cut  caused  by  these 
forces  and  the  unit  force,  is  found  for  one  simple  frame,  and  the 
effect  that  these  same  assumed  forces  have  on  this  point  considered 
as  a  part  of  the  other  frame  is  also  found.  The  moment,  shear,  and 
direct  force  are  then  juggled  until  the  effect  on  the  point  under  con- 
sideration is  approximately  the  same  for  the  two  simple  frames. 
The  writer  has  not  had  an  opportunity  to  work  out  this  scheme,  and 
offers  it  only  as  a  suggestion  of  getting  at  the  stresses  in  the  struc- 
ture in  a  simple,  rough  manner. 

If  points  of  contra-flexure  can  be  assumed  with  a  fair  degree 
of  accuracy,  many  problems  can  be  much  simplified.  Thus  in  the 
case  of  the  braced  legs  of  a  concrete  stand  supporting  a  water  tower, 
the  points  of  contra-tlexure  can  usually  be  taken  at  the  middle  of  the 
legs  for  each  panel,  and  the  problem  then  is  statically  determinate. 
We  face  a  new  application  of  mechanics  in  this  class  of  structures, 
and  instead  of  being  able  to  deal  with  each  section  of  the  structure 
independently  of  the  rest,  as  we  have  been  doing  in  statically  de- 
terminate designs,  we  must  include  every  member  of  the  struc- 
ture to  find  the  stresses  or  reactions  which  are  required  to  make  the 
new  type  statically  determinate,  and  herein  lie  the  complications. 

There  is  a  lot  of  work  to  be  done  before  the  open-paneled 
structure  will  be  in  a  state  where  the  stresses  in  any  reasonable 
combinations  of  panels  can  be  readily  found.  It  will  require  the  hel]) 
of  many  willing  hands  before  it  is  placed  on  this  basis.  The  devel- 
opment of  this  subject,  it  seems  to  the  writer,  should  be  carried  on 
for  the  most  part  by  technical  instructors,  as  the  men  on  the  drawing 
board  need  all  of  their  energies  to  get  through  with  such  special 
cases  as  immediately  confront  them.  So  far  we  have  heard  very 
little  from  instructors  regarding  real  concrete  design,  although  they 
ha\e  gi\en  us  a  fair  amount  of  data  concerning  preliminaries,  such 
as  unit  stresses  in  doublN'  reinforced  beams,  eccentrically-loaded 
sections,  etc. 

It  may  be  inferred  from  the  writer's  previous  remarks  that 
he  is  oi)posed  to  judgment.  This  is  not  entirely  true,  as  he  considers 
judgment  indisi)ensable  in  the  design,  only  it  must  be  applied  in  the 
right  place  and  in  the  right  ])roporlions.  The  final  results  of  all 
calculations  and  all  original  details  must  always  be  tested  by  the 
designer's  sense  of  propriety,  and  in  the  case  of  forces  if  they  seem 
unreasonable,  he  would  better  look  over  his  numerical  work,  where 
he  will  \ery  likely  llnd  an  error  of  some  kind. 

i'o  develop  judgment,  the  writer  has  tried  various  auxiliaries 
to  get  on  terms  of  intimacy  with  his  structure,  such  as  always  skctch- 
itig   free-band   the   distorted    sIkiih'   of   the   structure,   inserting   the 
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points  of  contra-flexure,  drawing  up  the  moment,  shear,  and  often- 
times the  direct  force  diagrams.  It  is  also  recommended  that  the 
forces  found  be  plotted  to  scale  on  the  diagram  of  the  structure  and 
various  resultant  forces  run  through  this  diagram.  The  diagram 
can  also  be  drawn  to  scale  with  regard  to  the  moments  of  inertia,  by 
assuming  a  constant  thickness  throughout  and  making  the  depths  of 
each  member  such  as  will  be  required  by  the  inertia  of  the  actual 
section.  It  is  hoped  that  by  these  means  he  may  occasionally  stumble 
across  a  few  short  cuts. 

Mr.  Stineman  is  to  be  commended  for  the  efiforts  he  has  made 
in  bringing  this  subject  before  structural  designers.  He  has  done 
a  considerable  amount  of  work  which  the  writer  thinks  will  be  very 
valuable  to  those  who  are  using  the  types  of  structures  for  which 
his  tigures  are  made. 

T.  A.  Smith:  In  the  distribution  of  stresses  in  structures,  a 
great  many  problems  arise  which  engineers  excuse  themselves  from 
solving,  for  the  reason  that  thi-  stresses  are  stati^^allv  indeterminate, 
and  they  cannot  take  the  time  to  look  up  the  Principle  of  Least 
Work,  or  \'irtual  Disp'acements,  which  tney  have  long  since  for- 
gotten or  have  never  thoroughly  understood.  The  subject  of 
statically  indeterminate  stresses  is,  however,  receiving  more  and 
more  attention  from  students  and  engineers,  and  it  is  quite  probable 
that  in  the  near  future  the  Principle  of  Least  Work,  X'irtual  Dis- 
I)lacements,  and  other  similar  methods  will  be  reduced  to  such  simple 
forms  and  become  such  common  knowledge  that  many  more  of  the 
problems  involving  statically  indeterminate  stresses  will  be  solved 
than  have  been  in  the  past. 

Mr.  Stineman  shows  the  application  of  the  Principle  of  Least 
Work  to  a  particular  type  of  structure.  The  type  chosen  is  general 
enough  and  the  work  is  carried  out  in  detail  to  such  an  extent  that 
the  paper  should  serve  as  an  excellent  guide  to  structural  engineers 
in  applying  the  Principle  of  Least  Work  to  other  types  of  structures. 

There  are,  however,  many  problems  involving  statically  inde- 
terminate stresses  that  can  be  solved  quickly  and  with  less  mathe- 
matical work  by  the  api)lication  of  Area  Moments.  This  method 
requires  no  knowledge  of  calculus  and  is  so  simple  that  once  the 
rules  are  learned  they  are  easily  remembered  and  reference  to  a  book 
on  the  subject  is  never  necessary.  So  far  as  the  writer  knows,  the 
best  explanation  of  the  theory  or  derivation  of  area  moments,  giving 
applications  to  practical  problems,  was  published  by  A.  E.  Greene, 
of  Ann  Arbor,  Michigan,  in  the  Michigan  Trchnic  of  June,  1910. 
There  is  also  a  very  good  description  of  the  derivation  and  appli- 
cation of  Area  Moments  just  published  in  an  article  bv  G.  A. 
Maney  on  page  844  of  the  Engineering  Nezcs  of  October  22,  1914. 

There  are  only  two  rules  to  be  remembered,  which  are  as 
follows : 

1.  The  change  of  inclination  of  an  elastic  curve  between  anv 
two  points  is  equal  to 
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^     y    /  Area  of  moment  diagram  \ 
y//         y  between  those  two  points/ 

The  result  will  be  in  radians  and,  as  the  angle  is  always  very 
small,  the  result  may  be  assumed  to  be  the  tangent  or  sine  of  the 
angular  change. 

2.  The  deflection  or  displacement  of  any  point  A  from  a 
tangent  to  the  elastic  curve  at  any  other  point  B  is  equal  to 

_J__  ^    /Area  of  moment  diagram  \  ^ 
EI        \        between  A  and  B        /  ^ 

(Distance,  measured  along  the  beam,  from  A  to 
the  center  of  gravity  of  the  above  moment  area.) 
B  and  /  are,  respectively,  the  modulus  of  elasticity  and  the  moment 
of  inertia  of  the  beam. 

Space  will  not  be  taken  here  to  give  the  derivation  of  these 
rules.  Their  application  to  a  few  simple  cases  should  convince 
anyone  of  their  trustworthiness. 

Figure  1  represents  a  cantilever  beam  of  length  /.  with  a  single 
load  IV  at  its  outer  end.  It  is  desired  to  find  the  deflection  d  of  the 
point  A  from  a  tangent  to  the  elastic  curve  at  B.  The  area  of  the 
moment  diagram  between  A  and  B  is  lVP/2.    The  moment  arm  of 

2 

tliis  area  from  A  is   —  /.     A])plying  rule  2 ; 

o 

1    wr-  2      wi' 

^  ^  eT'    2    ''s   ~  3EI 

Figure  2  shows  a  simple  beam  carrying  a  single  load  IV  at  its 
center.     The  area  of   the   moment   diagram   between   A   and  B   is 


A    '  \2    '  2    )  ~   16 


1 
The  moment  arm  from  A  for  this  area  is  — -  /. 

3 

1       WP     1_  WV^ 


EI  '    16      3  48EI 

It  will  be  noted  that  the  deflection  of  A  was  obtained  from  a 
tangent  at  the  center.  The  deflection  of  the  point  B  from  a  tangent 
to  the  curve  at  A  would  be  an  entirely  different  dimension. 

Figure  3(a)  shows  a  load  IV  distributed  uniformly  along  a 
beam  continuous  over  two  equal  spans,  it  is  desired  to  find  the 
jjroportion  of  load  carried  by  each  of  the  supports.  Sup{X)se  the 
center  sui)])ort  omitted  and  the  positive  moment  diagram  drawn  for 
a  uniform  load  on  two  sup])orts,  as  shown  above  the  line  ABA  in 
figure  3(b).  Then  apply  an  upward  force  R.^  at  the  center  of  the 
beam  that   will  bring  the  ]^ou^\   />   back  t(i  a  level  line  through  the 
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two  end  supports.  The  negative  moment  diagram  for  R.^  is  shown 
below  the  hne  ABA.  Placing  the  reference  line  tangent  to  the 
elastic  curve  at  B,  it  will  pass  through  the  two  supports  A,  A,  for 
the  figure  is  symmetrical  about  its  center.  The  deflection  or  dis- 
placement of  the  point  A  from  this  tangent  is  zero.  Following  are 
the  areas,  moment  arms,  and  area  moments  for  that  portion  of  the 
moment  diagram  between  A  and  B: 

Area  Moment  arm  Area 

from  A  Moment 

Wl      2    ,       WP  5  5WP 

I  H .  -  /=  -/  + 

4       3  6  8  48EI 

Rd      1  Rzf  2  Rzl' 

II ^  •  T  ^=  ^T  'J 


2            4 

3                    6EI 

~~  48ET 

Rzt' 
-          -  0 
6EI 

Rz  _ 

5W 

6 

US 

8      ' 

1  3            3 

K  =  -  .  -W=—W. 

2  8           16 

In  Fig.  4(a)  is  shown  a  railroad  track  supported  on  three 
stringers.  These  stringers  should  be  given  such  a  spacing  that  each 
stringer  will  take  one-third  the  track  load  or  two-thirds  of  one  rail 
load.  Figure  4(b)  shows  the  elastic  curve  of  the  tie  and  the  loads 
imposed  on  it.  Since  the  three  stringers  are  to  get  equal  loads, 
their  deflections  will  be  equal ;  then  a  tangent  to  the  elastic  curve 
at  B  will  pass  through  the  two  outer  points  of  support  A,  A.  Figure 
4(c)  is  the  moment  diagram,  it  being  drawn  in  the  same  manner  as 
in  Fig.  3(b).  The  moment  diagram  is  first  drawn  above  ABA  for 
the  two  loads   W,   W  on  a.  span  of  2.r ;  then  the  diagram  below 

2 
ABA  is  drawn  for  a  single  reaction  of  - — IV  at  the  center.     The 

3 

amounts  of  the  maximum  moments  are  given  in  the  figure.  Fol- 
lowing are  the  areas,  moment  arms,  and  area  moments  for  those 
parts  of  the  moment  diagram  between  A  and  B: 
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Area  Moment  arm  Area 

fiom  A  Moment 

I       -{-Wix—a)a  (  ^'~i  )      +  ^J'^C^"— «)  (  •^■— -) 

Wx    X                                    2                          Wx'^ 
III —  —X  

3      2  3  9 

We  may  cancel  W  from  the  above  equation.  E  and  /  have  been 
omitted,  as  they  are  constant  and  would  appear  in  each  term.  Re- 
ducing the  equation  to  its  simplest  form 

9  3 

xf" d^x  +  -d^  —  0 

■4  4 

If  we  assume  a  =  29.5  in.  and  solve  this  equation  by  trial,  x  is 
found  to  be  38.1  in. 

The  foregoing  illustrations  give  only  a  hint  as  to  the  great 
number  of  problems  that  can  be  solved  by  the  application  of  area 
moments.  By  working  out  a  few  cases  one  can  fix  the  rules  in  his 
mind  so  that  a  great  many  problems  involving  statically  indeter- 
minate stresses  can  be  solved  without  referring  to  a  text-book  for  a 
method  to  follow.  For  some  of  the  more  complicated  structures  it 
is  probable  that  the  application  of  area  moments  will  prove  no 
shorter  than  some  of  the  other  methods.  The  case,  however,  of 
the  three-legged  stiff  frame,  analyzed  by  Mr.  Stineman,  happens 
to  be  such  that  the  application  of  area  moments  gives  a  somewhat 
shorter  solution  than  the  Principle  of  Least  Work. 

Figure  5  shows  a  three-legged  stiff  frame,  the  posts  of  which 
are  assumed  hinged  at  the  bottom.  A  longitudinal  force  P  applied 
to  the  top  girder  induces  the  six  forces,  H^,  H^,  H^,  V^,  V2  and  V3, 
which  are  statically  indeterminate.  The  dimensions  of  the  frame 
are  as  indicated  in  the  figure. 

Figure  6  is  an  exaggerated  deflection  diagram.  Since  actual 
deflections  are  very  small,  it  is  assumed  that  A,  B  and  C  move 
forward  equal  distances  d„  in  a  horizontal  line.  The  change  in 
length  of  members  due  to  direct  stress  is  so  small  that  its  effect  is 
neglected.  The  reference  line  from  which  all  deflections  are  to  be 
calculated  should  be  taken  tangent  to  the  elastic  curve  at  some 
point  preferably  where  the  curve  is  horizontal  or  vertical.  Since 
we  do  not  know  the  location  of  such  a  point  in  this  figure  the 
reference  or  base  line  will  be  chosen  tangent  to  the  top  girder  at  B. 
A,  B  and  C  being  on  a  straight  line,  the  deflections  or  displacements, 
J,  for  A  and  d,,  for  C,  from  the  tangent  through  B,  will  be  pro- 
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portional  to  their  distances  from  B.     The  angle  that  this  tangent 
makes  with  a  horizontal  line  is  expressed  by 

di        dh 
A=  -  =  - 

S\  Si 

Reference  lines  AD^,  BE^  and  CF^  are  drawn  perpendicular  to  the 
base  line  or  tangent  through  B,  therefore 

+  a=  A/i  =  -c/,    (1) 

+  6=    A/2  =  -^4--io (2) 

+  c  =  A^3  =  -<^5      (3) 

The  above  displacements  a,  b  and  c,  are  positive  as  they  extend 
from  their  reference  lines  in  a  counter-clockwise  direction  about  the 
origin  B.  The  displacements  d^,  dn  and  d^  are  also  positive  in  direc- 
tion and  are  obtained  as  results  of  summing  up  changes  of  inclina- 
tion of  the  elastic  curve  from  the  point  B  to  the  respective  points 
D,  E  and  F.  The  relations  of  the  different  displacements  to  each 
other,  as  obtained  from  the  deflection  diagram,  are  as  follows : 

do=  di  —b  (4) 

di^  do-\-  a (5) 

ds  =  do  -{-  c   (6) 

^  =  *  (7) 

Substituting  in  equations  (5)  and  (6)  the  values  of  a,  b,  c  and  d^ 
as  given  in  equations  (1),  (2),  (3)  and  (4) ; 

'2           ^1                    ^2 — ^1 
d\  =di — b-\-a  =  d.z d^ -\-  — d^  —  d., — d4 (8) 

5i  Si  Si 

dz  —  dz — b-{-c  —  d.i J5  4-  —db  =  d2 — drj  — (9) 

By  writing  area  moment  expressions  for  d^,  do,  d^,  d^  and  d^ 
and  substituting  in  equation  (7),  (8)  and  (9),  three  independent 
equations  are  obtained  in  terms  of  the  unknown  forces  shown  in 
Fig.  5.  The  fundamental  static  equations,  2/f  =  O,  2F=0  and 
^M  =  O,  will  give  three  more  equations,  making  six  in  all,  from 
which  the  six  unknown  forces,  H-^,  H.,,  H^,  V^,  V^  and  F3,  may  be 
found. 

Figure  7  is  a  diagram  of  the  moments  produced  by  the 
assumed  forces.  Moments  in  a  counter-clockwise  direction  are  as- 
sumed positive,  those  in  the  opposite  direction,  negative,  the  same 
as  noted  for  deflections  about  the  origin.     It  is  assumed  that  V^, 
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v.,  and  F;,  act  upward.  If  any  of  ihem  act  in  the  opposite  direction 
its  sign  will  come  out  negative.  For  reference,  the  different  moment 
areas  are  designated  by  Roman  numerals.  Following  are  the  areas 
of  the  different  divisions  of  the  figure  in  terms  of  the  unknown 
forces  and  the  dimensions  of  the  frame ; 

Division  Area  Division  Area 

I  ^—f-  V  -^Ihhs, 

2 

II  ^H.hsx  VI  +-^ 

z 

III  -^  VII  + 


IV  + 


2  2 


Combining  these  areas  with  the  moment  arms  given  in  Fig.  7, 
in  accordance  with  rule  2  for  area  moments,  and  multiplying  each 

expression  bv  —  for  its  particular  member; 
/ 

21,     3   '         I4  21,  31,  h  21, 

'~  2h"3'~'3h 

J  •"  s'.l"       '■^     .      ,        "  3^3-^2       ,      ,         *    S'^a'       ,  ^3*3        ,      ^JJ^'^i      ,       '   S^S'^ii" 

2Is    3  A       '       21,  5/3  /*  21, 

h    ''2       2h  '3  ^'        21,  31, 

Hshs.   Si      Vas^^   2  HJss/      V^Si^ 

d:>  = •  —  So=    ~ 

I,       2       21,     3  21,        31, 

li  was  omitted  as  it  is  constant  throught)Ul  and  would  not  affect 
the  resuhs  if  used.  Substituting  the  above  values  in  equations  (7). 
(8)  and  (9): 


21,         31,         21,         31, 

3i;^^ir--^  =  Ti:-[2i,-Ti,)^^^-'^^--'''^ 

3/,'  ^    r,    ^  21,    -  ~si~     \  ~Ju  +  '31,  )  ^'*    -^^  •  •  •  ^  ^ ^  * 

Vol.  XIX.  Xo.  <) 


Discussion — Thrcc-Legged  Stiff  Frame 


915 


Expanding,  clearing  of  fractions,  and  collectng  terms,  these  three 
equations  reduce  to  the  following: 

-\-H,.3l,s,—H,.3hs,—  V\.  2s?—  V^.2si  =  0 


rm,^     3l,s,  /  \  "1  21?  5i2  / ,        ,  \ 

V2_ll     3k 


^EA-i- 


H?  s 


....(13) 
=  0(14) 

=  0(15) 


The  three  static  equations  are  as  follows : 

H,  +  H,+H—P  =  0     (16) 

V,+  V,+  V,  =  0    (17) 

HA  +  H,h+m—\\s,-\-V,s,  =  0     (18) 

If  we  substitute  in  equations  (14),  (15)  and  (18)  the  values 
of  //o  and  Fi  as  given  in  equations  (16)  and  (13),  respectively, 
we  will  obtain  the  three  following  equations  in  terms  of  the  three 
miknown  forces,  H-^,  //,  and  V^ : 


-■[f-f 


5    3i;-s^ 
-  +  -— 

2hA 


+  H, 


21? 


L   I-z  2ir 

P(  y  )=0 


/  21?  \         V2l.?      2U^      3Ls.J         M  s.?  /  \ 


—P 


211 


0 


(19) 


(20) 


+  HAk+2l^~HL,{^^  +2  )  -21, 


V,.2sA  1  + 


—P.2L  =  0         (21) 

After  solving  the  above  simultaneous  equations  for  H^,  //,  and 

V.^  the  \alues  of  //,,  V-^  and  V.  can  be  found  from  the  following: 

H,^P—H—H, (22) 

_  H,.3hs,  —  H,.3hs  —  V,.2s.? 

^1—  ^^    :,  \^^) 

2  S{- 

V,=—V-V,.... .....(24) 

Take,   for   example,  the  following  special   case,   which   is   the 
same  as  the  one  given  in  Mr.  Stineman's  paper : 

/i  =  42.5  /,=10/ 

/.,  =  34.0  /,  =4  =  / 

/,  =  29.75  /,  =  8/ 

s^^s.,=  17 
Substituting  in  equations  (19),  (20)  and  (21).  placing  7  =  1,  and 
dividing  through  each  equation  by  its  coefficient  of  V-^ : 
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+  25.0  H^  +  22.3  //.,  +  F3  —  19.69F  =  O 
+  22.3  H^  +  40.6  /y,  +  F3  —  22.3F  =  O 
+  1.63 //i—  1.19 //3—  r,  — l.F=0 

Solving  for  H-^,  H^,  V3  and  substituting  in  equations   (22),   (23). 
(24),  we  find  the  following  reactions: 


Reaction 

F=  120.000  lbs, 

Hr 

+  0.595P 

+  71,500 

H, 

-f  0.176F 

+  21,000 

H, 

+  0.229P 

+  27,500 

V, 

+  1.936P 

+  232.500 

V, 

—  1.632F 

—  196.000 

V, 

—  0.304F 

—  36,500 

These  results  were  obtained  with  a  slide  rule  and  are  the  same 
as  given  in  Mr.  Stineman's  paper,  although  the  algebraic  equations 
have  a  considerably  different  form. 

Another  advantage  in  the  use  of  area  moments  is  that  the 
results  can  be  checked  quickly  by  substituting  them  in  the  area 
moment  expressions  for  d^,  d.,,  d.^  d^  and  rf-  on  page  913.  then  plac- 
ing the  numerical  values  of  these  deflections  in  equations  (7), 
(8)  and  (9). 

M.  D.  Kolyn:  The  work  of  obtaining  the  equations  may  be 
much  simplified  by  remembering  that  what  we  are  tr}ing  to  arrive 
at  is  not  the  amount  of  work  done,  but  that  the  work  done  shall  be 
a  minimum ;  that  is,  the  equation  which  interests  us  is  not  that  the 

r  M^ 

work  done  equals  2  I  .    dx    ,   but    that   the   work   done   is   a 

^  2RI 

minimum,    and    consequently    the    system    is    in    equilibrium    when 

- —  2  I  •dx  =  0  .    Now  it  may  be  proved  that  the  order  in  which 

8F     J  2EI  ^       ^ 

the  differentiation  and  integration  are  performed  is  immaterial;  or, 
for  the  case  in  hand 


2  I dx=  2  --  .  -      .  (/.v=  2        --^  .  — • 

^    2EI  hV    2EI  -'  EI    81 


The  advantage  of  this  method  is  that  it  does  away  with  the 
squaring  of  the  long  moment  term  for  each  member,  and  the  con- 
sequent page-long  integration.  Instead  we  have  a  series  of  short 
differentiations,  multij)licati()ns  and  integrations,  all  of  which  can 
be  written  out  in  tabular  form,  and  written  out  directly.  This 
tabulation  has  the  further  advantage  that  in  case  a  change  in 
dimension,  section,  or  applied  forces  is  made,  or  if  an  error  is  found 
in  the  work,  the  effect  of  such  change  can  quickly  and  confidently 
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be  traced  out  along  its  proper  column  or  row. 
PROOF  THAT 


8F 


•  dx=    I   ■ —  -r —  •  dc 

2EI  J  EI  W 


Without  going  into  fundamental  mathematics,  the  truth  of  the 

8  ^  /•  i/2          ,  /-  M   m 

equation     — -  2    I    .  dx  =21.  - —  .  dx    may    be    seen    by 

oV     J   2EI  J  EI     d  F 


/M2 
dx     represents  the  weight  of 


1/2 

2EI 

the  solid  of  revolution  obtained  by  rotating  the  moment  diagram 
about  the  axis  of  the  member,  that  is  the  x  axis.     The  volume  of 

2EI 
this   solid   is     |  irM-dx :   consequently    its    density    must   be    • 

TT 

Imagine  the  solid  as  composed  of  a  large  number  of  slices  or  laminae 
of  equal  thickness  A.r  and  variable  height  M.  The  sectional  area 
of  each  slice  is  -kM-  and  its  volume  is  irM-iH^x. 

M  is  a  function  of  .r,  ['  and  other  variables.     At  any  normal 
section  5",  as   ['  increases,  the  other  variables  remaining  constant, 

the  ratio  of  increase  in  value  of  M  to  increase  in  value  of  V  or  ■    „ 

equals  the  rate  of  increase  of  radius  of  the  laminae.  The  length 
Sif  with  radius  of  rotation  M  sweeps  out  an  increase  in  area 
2irMhM,  and  increases  the  volume  of  the  lamina  by  the  volume  of 
the  annular  ring  swept  out,  which  is  2ttM  8Af  .  A.r.     The  rate  of 

increase  in  volume  of  the  lamina  is  then  IvM  .  .  A.r.   Now  mak- 

oV 

ing  the  slices  infinitely  thin  and  summing  them  up,  we  have  that 
the    rate    of    increase    in    volume    in    any    length    .r^    .r.    equals 

rx^  8M  ,    ,  ,  .  .  •  ,  , 

/       2TrM dx,  and  the  rate  of  mcrease  m  weight  equals 

I  SV 

tJ  Xi 

rx-  ui  rx^  M  ui , 

I  Tf        =     /        EnV 


-'^■'      2 IV  EI 


•Vl 


But  the   weight  equals  /  "     — —  dx     ;  therefore,   the   rate   of 


8 
increase  in  weight  equals  - — 

^'  X 
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Closure. 

Mr.  Stiuciiiaii:  On  the  first  two  pages  of  niv  paper  an  attempt 
has  been  made  to  show,  by  means  of  illustrative  examples,  the 
necessity  of  exact  formulas  for  the  analysis  of  structures  designed 
to  meet  certain  conditions.  This  part  of  the  paper  also  shows  that 
as  the  frame  becomes  more  nearly  symmetrical,  the  necessity  of 
exact  formulas  becomes  correspondingly  less  ;  but  in  the  latter  case 
the  formulas  themselves  become  so  greatly  simi)lified  that  their  use 
involves  very  little  labor. 

In  the  absence  of  exact  formulas,  the  usual  method  followed 
in  the  design  of  statically-indeterminate  frames  consists  of  making 
various  assumptions,  some  of  which  have  been  mentioned  in  the 
paper;  but  the  trouble  with  making  assumptions  is  that  we  have  no 
way  of  knowing  how  near  we  are  right  or  how  far  we  are  wrong. 
It  therefore  seems  desirable  to  reduce  the  field  of  assumptions 
wherever  this  can  be  done  in  an  effective  manner.  The  frame 
treated  in  this  article  belongs  to  a  type  which  occurs  frequently  in 
practice ;  hence  the  logical  thing  to  do  is  to  derive  formulas  for  the 
analysis  of  the  general  case  in  Fig.  2.  thereby  furnishing  a  means 
for  the  definite  solution  of  this  particular  type.  Other  types  will 
necessarily  require  separate  treatment ;  but  general  formulas  for 
their  solution  may  be  derived  in  a  manner  similar  to  the  method 
here  given. 

Near  the  end  of  the  article  a  method  is  given  by  which  the 
designer  may  reduce  the  moments  in  the  upper  part  of  the  structure 
by  taking  into  account  the  moments  which  the  column  bases  are 
capable  of  taking.  This  part  is  not  intended  to  be  mathematically 
accurate,  but  it  gives  an  approximate  method  which  is  based  upon 
the  character  of  the  foundation  material.  Professor  Richey,  in  his 
letter,  has  taken  exception  to  the  method  given,  and  proposes  to 
begin  by  assuming  points  of  contraflexure  somewhere  between  their 
limiting  positions.  liis  objection  is  perhaps  well  taken,  for  it  does 
look  more  sensible  to  assume  at  once  the  positions  of  the  points  of 
contraflexure.  To  be  consistent,  each  point  of  contraflexure  should 
be  chosen  at  a  distance  above  the  base  such  that  the  ratio  of  tJiis 
distance  to  the  column  length  will  be  the  same  for  each  column. 
The  value  of  this  ratio  should  be  determined  from  the  designer's 
knowledge  of  the  character  of  the  foundation  material.  It  should 
be  understood,  however,  that  the  column  footings  should  then  be 
examined  for  extreme  toe  pressure,  and  they  should  be  made  large 
enough  to  kee])  this  ])ressure  within  reasonable  limits.  I'^or  this 
purpose  the  formula  following  Fig.  11  should  be  used,  as  before, 
except  that  it  should  be  solved  for  unit  pressure  instead  of  moment. 
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But  it  is  reasonable  to  think  that  conservative  designers  would  pre- 
fer, in  all  cases  except  where  the  foundation  material  is  very  firm, 
to  design  the  upper  part  of  the  structure  as  though  the  column 
bases  were  hinged.  The  column  bases  and  the  lower  portions  of 
the  columns  should  then  be  designed  to  take  all  the  moment  which 
those  parts  are  likely  to  get  because  of  partial  fixity.  In  this  manner 
both  the  upper  and  the  lower  part  of  the  frame  would  be  designed 
conservatively. 

There  is  one  more  point  to  which  I  wish  to  call  attention.  In 
any  solution  of  this  kind  it  is  necessary  to  choose  an  ideal  structure. 
For  example,  it  is  supposed  that  each  of  the  five  members  of  the 
frame  has  a  constant  moment  of  inertia  throughout  its  entire  length. 
In  practice  this  will  not  be  absolutely  true,  for  the  joints  at  the 
intersections  of  the  columns  with  the  cross-girder  will  probably  be 
strengthened  by  the  addition  of  fillets.  Other  small  variations  will 
occur.  Such  variations  in  the  moment  of  inertia  of  any  given 
member  afifect  the  distribution  of  the  resisting  moment  in  that  mem- 
ber. In  general,  the  resisting  moment  is  increased  at  points  where 
the  moment  of  inertia  is  increased,  and  vice  versa.  However,  in 
an  article  by  S.  H.  Ingberg  in  Engineering  and  Contracting,  January 
17,  1912.  it  is  shown  that  haunches  or  fillets  must  be  relatively 
large  before  they  afifect  the  distribution  of  the  resisting  moment 
to  an  appreciable  extent.  For  instance,  a  2-ft.  fillet  under  the  end 
of  a  20-ft.  span  will  have  very  little  influence.  It  will  therefore  be 
possible  to  design  a  structure  which  will  very  nearly  fulfill  the  con- 
ditions imposed  in  this  article. 

Mr.  Vey,  in  his  discussion,  has  brought  out  a  number  of  good 
points  which  engineers  may  well  bear  in  mind.  He  has  fallen  in  line 
with  those  who  think  that  we  should  gradually  get  away  from  some 
of  our  guess-work  by  developing  more  accurate  methods  of  analysis. 
Incidentally,  he  takes  technical  instructors  to  task  for  their  alleged 
failure  to  give  us  definite  means  for  the  analysis  of  advanced  types 
of  structures.  This  is  another  form  of  the  charge  frequently  made 
that  engineering  text-books  do  not  keep  abreast  of  engineering 
practice — a  charge  which  contains  some  basis  of  fact.  In  justice 
to  technical  instructors,  however,  we  should  remember  that  rela- 
tively few  of  them  are  in  a  position  to  know  what  types  of  struc- 
tures not  previously  analyzed  should  receive  attention.  The  de- 
signing engineer,  on  the  other  hand,  frequently  encounters  types 
which  he  would  like  to  use,  but  he  is  unable  to  find  formulas  which 
may  be  properly  applied.  It  therefore  behooves  him  to  retain  a 
working  knowledge  of  higher  mathematics,  so  that  he  may  solve 
his  own  problems.  His  mathematics  will  be  less  elegant  than  that 
of  the  technical  instructor,  but  the  final  results  will  be  the  same. 
He  will  be  obliged  to  carry  on  the  greater  part  of  his  investigations 
outside  of  office  hours,  but  he  will  obtain  genuine  pleasure  as  a 
reward.  He  should,  when  the  opportunity  is  ofifered,  give  the 
results  of  his  investigations  to  other  engineers,  for  then,  and  then 
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only,  will  his  labors  be  of  real  benefit  to  the  engineering  profession. 
Mr.  Smith  has  presented  a  solution  called  the  method  of  area 
moments — a  method  which  also  leads  to  good  results.  While  his 
final  equations  appear  at  first  glance  to  be  a  little  shorter  than  mine, 
it  should  be  noted  in  my  equations  the  coefficient  of  H.,  in  the  first, 
and  that  of  H^  in  the  second,  are  identical.  Hence  there  is  very 
little  difference  in  the  two  sets  of  equations.  Furthermore,  the 
greater  part  of  the  work  involved  in  applying  these  formulas  is  the 
solution  of  the  simultaneous  equations  after  the  substitutions  are 
made.  Again,  it  is  hardly  a  point  in  favor  of  the  method  of  area 
moments  to  say  that  it  does  not  involve  calculus,  for  the  calculus 
employed  in  ordinary  solutions  by  the  Principle  of  Least  Work  is  of 
an  elementary  character,  and  may  be  easily  manipulated  by  anyone 
who  has  studied  that  branch  of  mathematics.  The  algebraic  reduc- 
tion, not  the  -calculus,  is  the  work  which  demands  the  greatest  care 
and  patience,  and  it  naturally  follows  that  the  shortest  method  is 
the  one  which  contains  the  least  algebra ;  but  on  the  whole,  the 
shortest  method  is  the  one  with  which  the  designer  is  most  familiar. 
Mr.  Smith  has  perhaps  unconsciously  left  the  impression  that  in 
obtaining  solutions  by  the  method  of  area  moments  it  is  only  neces- 
sary to  drop  a  penny  into  the  slot  and  receive  the  answer.  His 
algebraic  reduction  appears  to  be  short  for  the  simple  reason  that 
it  is  omitted.  However,  he  has  done  good  service  in  calling  atten- 
tion to  that  method,  and  he  deserves  credit  for  the  manner  in  which 
he  has  presented  it.  Each  of  the  known  methods  should  be  the 
most  suitable  one  for  certain  types  of  structures,  and  every  method 
which  gives  results  is  a  good  method.  It  is  desirable  that  means 
be  found  whereby  the  algebraic  reductions  may  be  shortened,  for 
the  drudgery  of  that  part  of  the  work  is  not  a  pleasant  remembrance. 
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BARNABAS  SCHREINER,  M.  W.  S.  E., 
Died  July  26,  19 14. 

Barnabas  Schreiner  was  born  at  Sternhaus,  Bavaria,  June 
11,  1843.  After  graduation  in  1864,  he  entered  the  service  of 
the  Pioyal  Bavarian  Kreis  Ban  Amt,  being  employed  in  the  con- 
struction and  maintenance  of  public  v^orks.  In  March,  1865,  he 
was  mustered  into  the  army  as  an  engineer  and  devoted  his  time 
to  plans  for  military  roads,  buildings  and  fortifications.  Three 
years  later  he  entered  the  construction  department  of  the  Ba- 
varian State  Railroads  and  therein  received  wide  experience  in 
railroad  construction  and  flood  protection.  In  January,  1871,  he 
was  promoted  to  Resident  Engineer  on  the  Fichtebgebrigs  Rail- 
road and  a  year  later  entered  municipal  work  as  an  assistant  to 
the  City  Engineer  of  Nurnberg. 

In  1873  a  general  inactivity  in  engineering  work  influenced 
him  to  come  to  America.  He  worked  in  Columbus,  Ohio,  as  an 
architectural  draftsman  until  1874,  when  he  moved  to  Fort 
Dodge,  Iowa,  and  engaged  with  the  City  Engineer  as  assistant. 
He  opened  a  general  engineering  office  in  Des  Moines  in  1878, 
after  two  years  as  an  architect's  assistant. 

In  1884  he  was  elected  City  Engineer  of  Des  Moines,  and 
reorganized  the  business  of  that  office.  His  work  in  this  capacity 
was  so  well  appreciated  that  he  was  retained  in  the  city's  em- 
ploy for  ten  years. 

He  entered  the  contracting  field  in  1896,  confining  his  efforts 
to  waterworks  improvements  and  private  buildings. 

Three  years  later  he  took  the  position  of  Chief  Engineer 
with  the  Iowa  Falls  and  Northern  Railroad  and  followed  the 
work  to  completion  in  1901.  He  was  engaged  on  various  railroad 
surveys  until  1905,.  when  he  was  engaged  as  engineer  for  tHe 
Des  Moines,  Winterset  and  Creston  Electric  Railway  Co.  After 
three  years  he  returned  to  private  practice,  which  he  continued 
until  1911,  when  he  again  took  up  railroad  work  as  engineer 'of 
the  projected  Milwaukee,  Peoria  and  St.  Louis  Railroad. 

During  the  fall  and  winter  of  1913  he  was  engaged  on  the 
survey  of  crossing  sites  of  the  Missouri  and  Yellowstone  rivers. 
Since  last  spring  he  was  employed  on  the  road  survey  and  bridge 
work  of  Mahaska  County,  Iowa,  and  on  street  paving  for  the 
City  of  Pella. 

In  addition  to  these  accomplishments  he  was  a  student  of 
all  branches  of  engineering  and  the  application  of  efficiency  sys- 
tems in  public  plants. 

Barnabas  Schreiner  died  at  Des  Moines.  Iowa,  July  26,  1914, 
at  the  age  of  71. 

He  joined  this  Society  in  1885,  but  was  not  a  member  from 
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1895  to  1907,  when  he  applied  for  readmission  and  was  re-elected 
into  membership  July  20,  1907. 

(The  above  statement  is  from  William  Schreiner  at  Pella,  Iowa,  a 
son  of  the  deceased.] 

WILLIAM  H.  PRATT,  M.  W.  S.  E. 
Died  September  5.  1914 


William  H.  Pratt,  who  has  been  a  member  of  this  Society 
since  June  5.  1899.  passed  away  in  his  home  at  Warwick  Road. 
Kenilworth,  in  the  afternoon  of  September  5,  after  a  short  illness. 

Mr.    I'ratt  was  born  at   Norwich,   \t.,  on   October  23.   1852. 
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His  parents  were  Joseph  H.  and  Ann  D.  Pratt.  He  received  his 
hrst  education  in  his  home  town  and  later  attended  the  Dartmouth 
College,  at  Hanover,  New  Hampshire,  where  he  graduated  from 
the  Chandler  Scientific  Department  in  1874.  After  his  graduation 
he  took  up  the  work  of  teaching  and  for  a  time  pursued  this  voca- 
tion at  Dayton,  Ohio.  About  this  time  the  great  boom  period  in 
American  railroad  construction  began  and  Mr.  Pratt  entered  into 
this  work  as  Construction  Engineer.  In  1880  and  1881  he  held  the 
position  of  Assistant  Engineer  on  the  Toledo,  Cincinnati  and  St. 
Louis  Railway.  In  1882  he  became  Principal  Assistant  Engineer 
of  the  Chicago  and  Indianapolis  Air  Line  Railway,  which  is  now  the 
Chicago,  Indianapolis  and  Louisville  Railway.  In  1883  he  returned 
to  the  Toledo,  Cincinnati  and  St.  Louis  Railway  as  Chief  Engineer 
of  Construction.  In  1884  he  entered  the  service  of  the  Morse 
Bridge  Co.  at  Youngstown,  Ohio,  and  occupied  the  position  of 
Assistant  Superintendent  until  1887.  In  1887  he  became  engaged 
with  the  Edge  Moor  Bridge  Co.  as  Engineer  of  Construction  of 
their  new  plant,  which  was  then  under  construction.  In  1889  he 
went  with  the  Mt.  Vernon  Bridge  Co.  of  Mt.  Vernon,  Ohio,  as 
Shop  Superintendent.  In  1890  he  was  made  Manager  of  this 
Company,  which  position  he  held  until  1895,  when  he  engaged  in 
private  business  as  a  Contracting  Engineer.  In  1898  he  became 
Manager  of  the  Universal  Construction  Co.  in  Chicago,  Illinois. 
This  Company  was  later  merged  with  the  North  Works  of  the 
Illinois  Steel  Co.,  of  which  he  became  General  Superintendent.  At 
the  time  of  his  death  he  was  President  of  the  Illinois  Steel  Ware- 
house Co.  and  General  Superintendent  of  the  North  Works  of  tha 
Illinois  Steel  Co. 

Besides  being  a  member  of  this  Society,  Mr.  Pratt  was  also 
a  member  of  the  Union  League  Club,  Chicago ;  the  University  Club, 
Chicago ;  the  Chicago  Engineers'  Club,  the  Indian  Hill  Club,  Win- 
netka ;  the  Mercantile  Club  of  St.  Louis,  the  Minnesota  Club  of 
St.  Paul  and  the  University  Club  of  St.  Paul.  In  his  earlier  years 
he  took  an  active  interest  in  the  Masonic  fraternities  and  was  a 
thirty-second  degree  Mason. 

Mr.  Pratt  was  a  man  of  strong  character,  equipped  with  the 
ability  of  making  lasting  friends,  both  in  connection  with  his  busi- 
ness dealings  and  in  his  private  life.  He  was  a  man  of  an  even  and 
kind  disposition,  slow  in  forming  his  opinions,  but  after  they  were 
formed  they  proved  to  be  right  and  stood  the  test  of  time.  With  a 
definite  purpose  in  view,  he  worked  untiringly  for  its  accomplish- 
ment. He  gave  strength  to  the  community  in  which  he  lived  and 
worked,  through  his  well-balanced  mind  and  quieting  influence. 
He  had  a  host  of  friends  in  nearly  all  parts  of  the  country  who  in 
sorrow  bowed  their  heads  at  the  receipt  of  the  message  which  told 
them  that  he  had  passed  away.  His  body  is  interred  in  the  Mound 
View  Cemetery,  Mt.  Vernon,  Ohio.  Mr.  Pratt  is  survived  by  his 
widow,  Mrs.  Elizabeth  D.  Pratt,  two  daughters,  Ellen  and  Louise, 
and  a  son,  Hazen. 

Memoir  prepared  by  John  Brunner,  W.  H.  Finley  and  W.  M.  Hughes, 
Committee. 
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PROCEEDINGS  OF  THE  SOCIETY 

MiXLTES   OF   THE   MEETINGS 

Regular  Meeting  Noveuiber  2,  J914 

A  regular  meeting  (No.  876)  was  held  Monday  evening,  November 
2,  1914.  President  Lee  called  the  meeting  to  order  at  8  p.  m.  with  about 
90  members  and  guests  in  attendance. 

The  Secretary  reported  from  the  Board  of  Direction  that  at  their 
meeting  held  in  the  afternoon,  the  following  had  been  elected  into  the 
Society: 

Thomas  Grover  Dunn,  Gorham,  111 Associate  Member 

Arthur  A.  Heeren,  6135  Peoria  St.,  Chicago Junior  Member 

Albert  Austin  Chenoweth,  801  Salisbury  St.,  W.  Lafayette,  Ind.,         .... 
Junior  Member 

Also  Ralph  A.  Bennitt,  now  of  Chicago,  who  had  been  duly  elected 
January  2,  1914,  an  Associate  Member,  had  gone  west  and  had  been  lost 
sight  of,  had  just  returned  to  Chicago.  At  his  request  the  Board  of 
Direction  had  re-elected  him  an  Associate  Member. 

Applications  for  admission  to  the  Society  were  presented  to  the 
Board  of  Direction  as  follows: 

No.  55,  Eugene  Adolph  Anderson,  Evanston,  111. 

No.  56,  Victor  H.  Bell,  Calexico,  Calif.,  transfer. 

No.  57,  Clarence  Sage  Roe,  506  S.  Capital  Ave.,  Lansing,  Mich. 

No.  58,  Marion  Den  Herder  Kolyn,  849  N.  La  Salle  St.,  Chicago. 

No.  59,  Horace  M.  Beebe,  743  Oakwood  Blvd.,  Chicago. 

There  being  no  other  business,  President  Lee  stated  that  Dr.  George 
B.  Young,  Health  Commissioner,  who  had  been  expected  to  address  the 
meeting,  was  sick  and  could  not  appear. 

President  Lee  introduced  Mr.  Howard  F.  Weiss,  of  Madison,  Wis., 
Director  of  the  Forest  Products  Laboratory,  who  described  "The  Work 
and  Some  .\ccomplishinents  of  the  Forest  Products  Laboratory."  Many 
^tereopticon  views  were  exhibited  in  illustration.  Discussion  followed 
from  Messrs.  A.  T.  North,  W.  C.  Armstrong,  Albert  Cone,  F.  E.  David- 
son, W.  C.  Bauer,  J.  F.  Hayford,  and  L.  E.  Cooley,  with  replies  and 
explanations  from  Mr.  Weiss. 

Meeting  adjourned  about  10:15  p.  m.,  when  refreshments  were 
served. 

Extra  Meeting,  November  9,  1914 

An  extra  meeting  of  the  Society  (No.  877)  was  held  Monday  evening. 
November  9,  1914.  The  meeting  was  called  to  order  at  7:30  p.  m.,  \'ice- 
President  Grant  in  the  chair,  with  about  115  members  and  guests  in 
attendance.  There  was  no  business  before  the  meeting,  and  the  Cliair- 
man  introduced  Mr.  L.  S.  Marsii,  Mem.  Am.  Chem.  .Soc,  and  chemist 
for  the  city,  who  addressed  the  meeting  on  "High  Explosives."  The 
address  was  allustrated  by  use  of  lantern  slides  and  also  a  few  demon- 
strations. 

Discussion  followed  from  Messrs.  E.  R.  Shnable.  H.  S.  Baker,  O.  P. 
Chamberlain,  Chief  McDonnell  of  the  Fire  Prevention  Bureau,  Ernest 
McCullough,  V.  R.  Walling,  H.  E.  Goldberg,  E.  E.  R.  Tratman,  L.  E. 
Ives,  F.  G.  Vent,  E.  F.  Smith,  W.  W.  DeRerard.  and  F.  J.  Postel,  with 
replies  and  explanations  from  Mr.  Marsh. 

Meeting  adjourned  at  10  p.  m. 

Extra  Meeting,  November  16,  1914 

Meeting  (No.  878),  being  an  extra  meeting  in  the  interest  of  the 
Hydraulic,  Sanitary  and  Municipal  Section,  was  held  Monday  evening. 
November  16. 

Mr.  W.  D.  Gerber,  Chairman  of  the  Section,  called  the  meeting  to 
order  at  7:50  p.  m.,  there  being  about  fifty  members  and  guests  present. 
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There  being  no  business  before  the  Section,  Mr.  Gerber  introduced  Mr. 
J.  W.  Link,  who  read  a  very  interesting  paper  on  "The  Coon  Rapids  Low 
Head  Hydro-Electric  Development  on  the  Mississippi  River  Near  Min- 
neapolis, Minn."  The  paper  was  well  illustrated  by  stereopticon  views. 
The  points  brought  out  by  Mr.  Link  led  to  an  extensive  discussion 
by  Messrs.  Mehren,  Link,  Blanchard,  DeBerard,  Goldberg,  Cooley, 
Coffin,  Lake,  Brandon,  and  W.  T.  Barnes.  Mr.  Barnes  had  some  inter- 
esting lantern  slides  to  show  "what  not  to  do." 

Extra  Meeting,  November  24,  1914 

An  extra  meeting  of  the  Society  (No.  879),  a  joint  meeting  of  the 
Electrical  Section  with  the  Chicago  Section  A.  L  E.  E.  and  the  Chicago 
Section  of  the  Illuminating  Engineering  Society,  was  held  Tuesday 
evening,  November  24,  1914.  The  meeting  was  called  to  order  at  7:50 
p.  m.  by  Mr.  F.  J.  Postel,  Chairman  of  the  Electrical  Section,  with  about 
100  members  and  guests  in  attendance.  He  explained  how  the  joint 
committee  had  divided  the  meetings  and  the  subjects  among  sundry 
members,  and  that  this  evening's  meeting,  the  subject  of  which  was 
electric  lighting,  had  been  allotted  to  Mr.  W.  A.  Durgin,  into  whose 
hands  he  would  now  turn  over  the  meeting.  The  speaker  of  the  evening, 
Mr.  S.  E.  Doane,  Chief  Engineer  of  the  National  Lamp  Works  of  the 
General  Electric  Company,  Nela  Park,  Cleveland,  was  then  introduced 
by  Mr.  Durgin  with  appropriate  remarks.  Mr.  Doane  presented  his 
paper,  "Electric  Lighting — a  Factor  in  Civilization,"  with  some  illustra- 
tions, lantern  slides  and  apparatus.  Discussion  followed  by  Messrs. 
Durgin,  P.  Junkersfeld,  E.  M.  Tompkins,  J.  R.  Cravath,  E.  W.  Lloyd, 
V.  H.  Tousley,  M.  G.  Lloyd,  Albert  Scheible,  and  Prof.  W.  C.  Bauer, 
with  replies  and  a  closure  from  Mr.  Doane. 

Meeting  adjourned  at  10  p.  m.  J.  H.   Warder,   Secretary. 

BOOK  REVIEWS 

THE  BOOKS  REVIEWED  ARE  IN  THE  LIBRARY  OF  THE  SOCIETY 

Structural   Engineers'   Handbook.     By   Milo   S.    Ketchum,    C.    E.     The 

McGraw-Hill    Book   Company,    New   York,    1914.      Leather,   6]!^    by 

9   ins.,   pp.      900   plus   xvi,    260   tables,    400    illustrations   in    the    text. 

Price,  $5.00  net,  postpaid. 

This  book  is  somewhat  more  than  a  handbook,  and  can  almost  be 
called  an  encyclopedia  on  structural  engineering.  The  author's  inclusion 
of  concrete  and  substructure  work  generally,  as  absolutely  within  the 
province  of  structural  engineering,  is  in  line  with  present  day  ideas  and 
is  entirely  correct. 

Portions  of  other  books  published  by  the  same  author  are  included 
in  this  volume,  so  as  to  make  it  complete  within  itself.     • 

The  tables  given  are  very  voluminous  and  are  carried  to  greater 
limits  than  usually  found  in  handbooks.  Some  of  the  tables  are  original 
with  the  author  and  should  be  of  considerable  aid  to  structural  designers. 
The  other  tables  are  standard  and  are  well  known,  being  taken  from  the 
Cambria  Steel  Co.,  Carnegie  Steel  Co.,  American  Steel  &  Wire  Co., 
National  Tube  Co.,  Bethlehem  Steel  Co.,  and  other  handbooks.  In  fact, 
with  this  book  in  the  engineer's  possession,  about  the  only  other  books 
of  tables  needed  by  him  would  be  a  book  of  logarithms,  and  a  table 
of  squares  of  feet,  inches  and  sixteenths. 

One  of  the  features  of  the  book  is  the  large  amount  of  data  collected 
from  many  sources,  bearing  on  the  various  subjects  treated.  This  portion 
of  the  work  apparently  has  been  done  in  a  very  thorough  and  painstaking 
manner,  and  is  to  be  highly  commended.  Credit  is  invariably  given  to 
the  sources  of  information,  so  that  the  engineer  investigating  a  par- 
ticular subject  is  enabled  to  go  to  the  original  articles  to  which  reference 
is  made. 
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The  excellent  nomenclature,  definitions  and  specifications  adopted 
by  the  American  Railway  Engineering  Association  are  generally  followed 
by  the  author.  The  drawings  from  which  tlie  cuts  have  been  made  are 
a  good  guide  for  the  young  draftsman  to  follow.  The  letters  are  of  the 
type  generally  adopted  for  structural  work  drawings.  The  foreword,  or 
introduction,  to  the  book  is  especially  well  written  and  repays  careful 
reading,  showing  the  clarity  of  the  author's  reasoning  with  regard  to 
the  fundamental  principles  underlying  design. 

The  general  ideas  regarding  the  making  of  estimates,  of  economic 
design,  the  balancing  of  opposing  elements,  economy  of  material,  sim- 
plicity of  members  and  ease  of  shopwork  are  very  well  stated. 

The  book  is  composed  of  two  parts.  One  hundred  and  sixty-five 
tables  compose  part  two. 

Part  one  is  composed  of  seventeen  chapters  as  follows,  which  show 
the  wide  range  of  subjects  covered. 

I.     Steel  Roof  Trusses  and  Mill  Buildings. 
II.     Steel   Office    Buildings. 

III,  Steel  Highway  Bridges. 

IV.  Steel  Railway  Bridges. 
V.     Retaining   Walls. 

VI.  Bridge  Abutments  and  Piers. 

VII.  Timber   Bridges   and  Trestles. 

VIII.  Steel  Bins. 

IX.  Steel  Grain  Elevators. 

X.  Steel  Head  Frames  and  Coal  Tipples. 

XL  Steel    Stand-Pipes   and    Elevated   Tanks   and   Towers. 

XII.  Structural  Drafting. 

XIII.  Estimates  of  Structural  Steel. 

XIV.  Erection  of  Structural  Steel. 
XV.  Engineering  Materials. 

XVI.     Structural   Mechanics. 

XVII.     The  Design  of  Steel  Details. 

These  chapters  are  all  handled  on  the,  more  or  less,  general  plan  of 
giving  nomenclature;  definitions  of  terms;  details  of  construction;  forms 
of  sections;  examples  showing  actual  construction;  imposed  loads;  esti- 
mates of  weights;  methods  of  computation,  graphical  and  analytical; 
specifications;  etc. 

It  is  a  very  good  reference  book  for  the  use  of  structural  engineers, 
and  is  well  worthy  of  a  place  in  their  libraries. 

In  getting  out  a  book  of  this  kind,  a  great  responsibility  is  imposed 
upon  the  author.  As  stated  by  the  author:  "This  book  is  written  for 
the  structural  engineer  and  for  the  student  or  engineer  who  has  had  a 
thorough  course  in  applied  meciianics  and  the  calculation  of  stresses  in 
structures  .  .  .  and  is  intended  as  a  working  manual  for  the  engineer, 
draftsman  and  student."  Extreme  care  must  be  taken  not  to  mislead 
the  student  or  young  engineer  or  draftsman  wiio  uses  it  for  information 
regarding  the  problem  in  hand.  Unlike  the  practicin.g  engineer  of  mature 
judgment  who  is  able  to  discriminate,  tiie  young  engineer  is  likely  to 
blindly  follow  all  the  details  of  a  design  shown  as  having  been  built, 
believing  it  to  be  an  example  of  good  practice,  when  in  fact  such  practice 
may  have  been  discarded  many  years  ago. 

Tile  author  should  have  been  somewhat  more  careful  with  regard 
to  some  of  the  examples  shown,  although  very  little  criticism  can  be 
offered.  Unfortunately,  he  shows  some  examples  which  are  likely  to 
mislead  the  young  engineer  or  draftsman. 

Attention  is  called  to  the  following  pages  which  illustrate  this  point: 
Page  120 — The  pony  truss  does  not  show  any  support  to  the  top 

chord  and  would  certainly  be  wal)bly. 

Page    I'.M — Quadruple    intersection    riveted    truss    span.     This   is 

shown  as  a  type.    The  truth  is  that  tlie  floor  of  this  particular  bridge 
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was  designed  by  the  Northwestern  Railway  to  meet  a  condition 
where  an  absolutely  minimum  depth  from  base  of  rail  to  low  iron 
was  essential.  Large  economies  were  effected  by  reducing  this  dis- 
tance to  two  feet.  It  would  certainly  be  very  poor  engineering  to  put 
in  such  a  floor  when  plenty  of  head-room  could  be  obtained. 

Page  391 — Joint  of  roof  truss.  This  method  of  detail  is  very  con- 
fusing and  does  not  accord  with  any  known  practice  used  in  bridge 
or  building  detail  offices. 

Page  393^Roof  truss.  The  bearing  detail  of  this  is  very  poor 
and  gives  a  kind  of  hinge  action. 

Page  475 — Falsework  bents.  This  shows  iron  straps  connecting 
posts  to  the  cap.  This  practice  has  now  been  entirely  dispensed  with. 
It  is  appreciated,  however,  that  in  getting  out  a  book  of  this  size 
with  as  ambitious  a  purpose  as  the  author  seems  to  have  had,  such  things 
will  invariably  creep  in.  The  author  is  to  be  congratulated  on  having  so 
few  examples  of  poor  design  when  there  is  hardly  a  book  published  to- 
day from  which  such  errors  have  been  completely  eliminated.— I.  F.  S. 

Strength  of  Materials.  By  H.  E.  Murdock,  second  edition,  revised  and 
enlarged.  New  York,  1914,  John  Wiley  &  Sons,  Inc.  Cloth  bound, 
5  by  lyz  in.,  352  pages,  with  index,  many  illustrations  and  tables. 
An  earlier  edition  of  this  book  was  reviewed  in  our  Journal,  Vol. 
XVI.,  page  929,  November,  1911.  This  present  volume  has  been  some- 
what enlarged,  but  has  not  been  changed  essentially.  It  contains 
eighteen  chapters  and  an  appendix  "A"  of  28  pages  relating  to  the  sub- 
ject of  Centroids  and  Moments  of  Inertia  of  Areas.  Materials  of  Con- 
struction is  the  subject  of  Chapter  I,  while  the  topic  of  Direct  Stresses 
follows  in  the  next  chapter.  Applications  of  Direct  Stresses  is  in  Chap- 
ter III  and  followed  by  Riveted  Joints.  Chapters  V  and  VI  treat  of 
Beams  under  External  and  Internal  Flexural  Forces.  Stresses  in  struc- 
tures as  dams,  walls,  piers  and  chimneys  is  the  subject  of  Chapter  VII, 
and  is  followed  by  Graphic  Integration  in  the  next  chapter.  Chapters 
IX  to  XIII,  inclusive,  treat  of  the  broad  subject  of  Beams,  the  Elastic 
Curve,  the  determination  of  this  by  the  algebraic  method  and  Secondary 
Stresses,  covering  about  90  pages.  Examples  and  problems  are  included 
in  these  chapters.  Next  follows  Chapter  XIV  treating  of  Columns  and 
Struts,  while  Torsion  is  the  subject  of  the  following  chapter,  and  this  is 
followedby  Chapter  XVI  concerning  Repeated  Stresses,  Resilience  and 
Hysteresis.  The  subject  of  Reinforced  Concrete  Beams  and  Columns  is 
taken  up  in  the  closing  chapters  of  the  book  and  covers  over  40  pages. 
Following  this  is  Appendix  A — Centroids  and  Moments  of  Inertia  of 
Areas,  which  includes  centroids  of  various  shaped  areas,  moment  of  in- 
ertia, radius  of  gyration  and  polar  moment  of  inertia,  relation  between 
moments  of  inertia  under  various  conditions,  moments  of  inertia  of  com- 
posite areas,  and  ending  with  a  series  of  examples  to  be  solved  by  the 
student.  The  book  concludes  with  a  series  of  tables  and  diagrams,  ar- 
ranged for  easy  reference  in  the  course  of  study  and  the  solution  of  the 
examples  scattered  through  the  book.  The  book  is  essentially  a  text- 
book arranged  by  a  professor  of  an  engineering  school  and  with  the  main 
object  of  instruction  of  undergraduates.  For  such  a  purpose  it  seems  to 
be  very  well  adapted. 

Polyphase  Currents  (second  edition).  By  A.  Still  of  the  Dept.  of  Elec- 
trical Engineering  of  Purdue  University.  The  Macmillan  Co.,  New 
York,  1914.  Cloth;  5  by  8  inches;  300  pages,  including  index;  dia- 
grams and  drawings.     Price,  $1.50. 

Mr.  Still,  realizing  the  demand  for  a  book  treating  the  subject  of  the- 
oretical conditions  in  polyphase  working  and  written  in  such  a  manner  as 
to  be  commendable  to  students  and  engineers  not  having  sufficient  mathe- 
matical knowledge  to  use  advantageously  the  more  advanced  works,  pre- 
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pared  the  first  edition  of  this  book.  This  second  edition  has  been  pre- 
pared with  but  little  addition  of  subject  matter,  but  with  a  careful  re- 
drawing and  rearrangement  of  diagrams  to  conform  to  the  accepted  con- 
ventions. 

A  concise  treatment  of  the  elementary  principles  of  alternating  cur- 
rents, given  in  the  first  chapter,  is  the  keynote  to  the  succeeding  chapters 
which  take  up  in  order  Polyphase  Currents,  Polyphase  Circuits,  Poly- 
phase Transformers,  Transmission,  Polyphase  Induction  Motors,  and 
Asynchronous  Generators,  Frequency  Converters,  Compensated  Induc- 
tion Motors,  and  Rotary  Converters. 

Mathematical  developments  are  avoided  as  far  as  possible  but  their 
absence  is  more  than  replaced  by  the  numerous  diagrams  and  figures 
which  are  more  acceptable  to  the  class  of  students  for  which  the  book  is 
intended.  Mathematical  development  and  graphic  representation  have 
been  combined  with  excellent  results.  Paragraph  headings  in  black-face 
type  make  the  book  a  satisfactory  one  for  reference. 

The  book  is  concluded  with  an  appendix  in  two  parts  under  the  head- 
ings. On  the  Relation  Between  Magnetic  Flux  and  Induced  E.  M.  F.  in 
a  Circuit  Conveying  an  Alternating  Current,  and  Metiiod  of  Drawing  the 
Complete  Vector  Diagram  for  a  Polyphase  Induction  Motor  from  Three 
Sets  of  Measurements  Made  on  the  Machine,  which  are  not  essential  to 
the  body  of  the  book  but  are  nevertheless  valuable  in  themselves. 

In  a  few  words,  the  book  is  a  commendable  one  to  students  and  prac- 
tical engineers  who  are  seeking  an  introductory  work  on  the  design  of 
polyphase  machinery. 

Steel  Construction  ;  a  text  and  reference  book  covering  the  design  of 
steel  framework  for  buildings.  By  Henry  Jackson  Burt,  C.  E., 
Structural  Engineer  for  Holabird  &  Roche,  Architects.  American 
Technical  Society,  Chicago,  1914.  Flexible  leather,  4>4  by  7  in.;  372 
pages;  well  illustrated.     Price,  $2.75. 

This  work,  in  handbook  form,  is  very  well  set  up.  It  has  many  illus- 
trations, diagrams,  and  tables,  but  does  not  repeat  the  tables  found  in 
the  steel  manufacturers'  handbooks. 

It  is  an  up-to-date  discussion  of  a  subject  heretofore  not  compre- 
hensively treated  in  book  form,  the  matter,  for  the  most  part,  being  all 
new  material,  carefully  selected  and  well  written. 

The  twenty-five  pages  devoted  to  a  discussion  of  metallurgical  prac- 
tice and  process  of  manufacture,  it  appears,  could  have  been  better  used 
in  treating  other  problems  which  arise  in  steel  building  design  and  con- 
struction. 

There  is  little  or  nothing  said  about  erection  problems. 
The  headings  of  chapters  are  as  follows:     Steel  Sections,  Quality  of 
Material,  Unit  Stresses,  Rivets  and  Bolts,  Beams,  Riveted  Girders,  Com- 
pression Members,  Tension  Members,  Wind  Bracing,  Practical  Design, 
Protection  of  Steel,  Specifications,  and  Index.  VV.  A.  H. 

Report  of  the  City  W.\ste  Commission  of  the  City  of  Chicago.  This  is 
a  pamphlet  6  by  9  in.  in  size,  of  about  70  pages,  containing  a  good 
deal  of  valuable  information  on  the  subject  of  city  wastes  and  their 
collection  and  disposal. 

The  commission  was  created  by  order  of  the  Chicago  City  Council, 
to  make  a  comprehensive  study  and  report  on  the  subject  of  collection, 
delivery,  and  disposal  of  garbage  and  waste.  The  members  of  the  com- 
mission included  Aid.  Willis  O.  Nance,  M.  D.,  chairman;  George  B. 
Young,  Commissioner  of  Health;  Aid.  Charles  E.  Merriam;  Hon.  L.  E. 
McGann,  Commissioner  of  Public  Works;  Col.  Henry  A.  Allen,  M.  E., 
Consulting  Engineer;  Mrs.  W.  B.  Owen;  Miss  Mary  McDowell,  and  some 
others. 

At  a  meeting  of  the  City  Council  in  session  June  14,  1914,  it  was  "Re- 
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solved,  That  the  City  Council  do  and  hereby  does  accept  in  principle  the 
conclusions  set  forth  in  the  report  of  the  Waste  Commission."  Early  in 
the  history  of  this  commission  the  services  of  experts  to  assist  in  the 
solution  of  the  problems  were  secured.  These  experts  were  John  T. 
Fetherston  of  New  York,  and  Irwin  S.  Osborn  of  Toronto,  Can.  They 
were  engaged  "to  make  an  investigation  of  the  various  methods  neces- 
sary for  the  collection,  delivery  and  disposal  of  garbage,  refuse  and  waste 
in  behalf  of  the  City  of  Chicago  and  render  a  report  thereon."  The  sev- 
eral subjects  and  divisions  of  the  report — nine  in  all — are  enumerated. 
The  report  contains  General  Conclusions,  Recommendations  and  Proj- 
ect for  Disposal.  Following  the  report  signed  by  the  committee,  is 
"Enclosure  A,"  addressed  to  Aid.  W.  O.  Nance,  chairman  of  the  commis- 
sion, signed  by  the  experts,  Messrs.  Osborn  and  Fetherston,  which  is 
their  report  on  the  situation,  their  recommendations,  a  series  of  projects, 
and  much  tabular  matter  with  diagrams  in  explanation  of  the  same.  The 
commission  has  shown  great  diligence  and  judgment  in  the  collection  of 
data  pertaining  to  collection  and  disposal  of  city  wastes,  which  are  em- 
bodied in  this  report,  and  which  will  serve  a  very  useful  purpose  to  other 
investigators  at  other  times  and  places. 

Report  of  the  Philadelphia  Departjsient  of  Public  Works.  Annual  re- 
port of  the  director  of  the  Department  of  Public  Works,  for  the  year 
ending  Dec.  31,  1913.  Mr.  M.  L.  Cooke,  director.  Pamphlet  6  by  9 
in.;  48  pages. 

This  report,  vastly  diflfering  with  the  usual  municipal  report,  in  that 
it  has  presented  the  salient  facts  in  a  form  acceptable  to  the  average 
reader  who  hasn't  the  time  to  arrive  at  conclusions  by  exhaustive  study 
of  long  columns  of  tabulated  data,  is  a  record  of  the  efforts  of  a  public 
works  department  to  depart  from  the  usual  methods  of  administration, 
and  to  adopt  the  new  idea  of  municipal  management,  that  is,  the  methods 
generally  accepted  by  the  more  important  commercial  and  industrial  or- 
ganizations. 

Mr.  Cooke's  open  frankness  as  regards  certain  factors  which  ham- 
pered the  city's  progress  is  remarkable.  Truly  he  "hewed  to  the  mark 
and  let  the  chips  fall  where  they  would,"  sparing  no  offender  regardless 
of  position  or  influence. 

In  every  important  issue  Air.  Cooke,  realizing  the  ultimate  economy 
of  good  counsel,  sought  the  foremost  experts  of  the  country,  in  face  of 
every  obstacle  the  city  council  could  place  before  him.  As  a  result  of 
this  opposition  a  majority  of  these  experts  gave  their  services  gratis  or 
were  paid  by  private  subscription. 

But  in  face  of  all  these  accomplishments  the  director  warns  against 
undue  elation  by  stating  that  at  the  time  of  writing  the  department  has 
but  made  a  good  start  in  the  work  it  intends  to  perfect,  and  that  prac- 
tically all  the  methods  now  in  use  will  be  replaced  by  better  ones  in  the 
future.  Such  a  spirit  as  this  can  but  succeed  and  the  results  of  this  splen- 
did work  are  eagerly  anticipated  by  all  who  are  interested  in  the  newer 
ideas  along  municipal  administration. 

Business  Methods  in  Municipal  Work,  an  Informal  Record  of  the  Opera- 
tions of  the  Department  of  Public  Works  of  Philadelphia,  1913. 
Pamphlet  6  by  9  inches;  64  pages. 

In  the  beginning  an  open  letter  to  Mayor  Blankenburg  sets  forth  the 
principles  adopted  and  the  ends  to  which  their  efforts  have  been  di- 
rected, i.  e.,  to  quote  Mr.  Cooke,  "We  have  worked  on  the  theory  that 
those  who  were  responsible  for  your  election  would,  by  no  means,  be 
satisfied  with  simply  an  honest  administration — that  they  expected  us 
rather  to  assume  the  honesty,  and  demand  efficiency  and  progress." 
Thereafter  he  explains  certain  definite  procedures  in  the  management 
of  employees  as  regards  relations  with  contractors,  interpretations  of  con- 
tracts and  specifications,  relations  of  city  emploj'ees  in  the  case  of  dam- 
age suits  against  the  city,  the  possibility  of  employees  being  interested 
in  purchases  made  without  public  competitive  bidding,  employees'  use  of 
liquor,  financial  obligations,  and  gives  some  specific  instances. 
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Following,  he  takes  up  in  detail  the  various  practices  which  made 
possible  the  efficient  system  of  administration,  such  as.  Reorganization, 
Status  of  the  Employee,  Educational  Work  for  the  Employee's  Benefit, 
Discipline  and  Discharge,  Political  Cases,  Economies:  in  Operation, 
Maintenance  and  Construction,  New  Positions,  Contracts,  and  Consider- 
ation for,  and  Cooperation  with  the  Pulilic,  all  of  which  are  well  ex- 
plained with  data  and  examples.  In  all  his  workings  it  can  be  seen  that 
he  has  closely  adhered  to  the  modern  method  accepted  by  the  large  in- 
dustrial and  commercial  organizations. 

This  pamphlet  is  only  one  of  many  which  Mr.  Cooke  has  prepared, 
showing  the  workings  and  results  of  a  real  efficiency  system  as  applied 
to  municipal  management,  and  it  is  hoped  that  others  will  follow  with 
equally  valuable  messages  to  the  tax-paying  public  and  its  officials. 

Surveying  Manual,  Designed  for  the  Use  of  First-year  Students  in  Sur- 
veying and   Especially   for  the    Use   of   Non-Civil    Engineering  Stu- 
dents.    By   Howard   Chapin   Ives,   Professor  of   Railroad   Engineering, 
Worcestor    Polytechnic   Institute.      First    Edition,   New   York,    1914. 
John  Wiley  &  Sons,  VHI;  295  pages,  55  figures,  42  samples  of  field 
notes.     XIII  mathematical  tables.     Price  $2.25  net. 
This  book  is  prepared  principally  for  class  work  and  contains  a  num- 
ber of  problems  set  for  students  with  suggestions  for  approved  methods 
of  working  the  problems  and  keeping  the  field  notes.     It  is  in  effect  a 
condensed  treatise   on  surveying,   the   subject  being  taught   by  the   "la- 
boratory method."'  Mc.  C. 
Report  on  Service  Test  Road.     Byberry  and  Bensalem  Turnpike.     Phila- 
delphia,  November,  1913,   Department  of   Public  Works,    Bureau  of 
Highways,  by  Wm.  H.  Connell,  Chief  of  the  Bureau  of  Highways. 
Pamphlet  7  by  10  inches,  62  pages,  text,  and  30  full  page  illustrations. 
With  the  present  increased  interest  in  public  highway  and  road  con- 
struction, this  pamphlet  is  full  of  value  and  is  very  timely,  as  showing 
what  is  being  done  in   Philadelphia  in   the   study  of  road  materials  and 
methods  of  construction.     This   experimental  piece  of  road  3.4   miles  in 
length,  is  part  of  the  old  traveled  highway  to  Trenton  and  beyond,  and 
is  in   the  northeastern  part  of  Philadelphia.     The  road  was  divided  into 
twenty-six  sections  of  various  lengths  from  300  to  3,700  feet. 

The  construction  of  these  several  sections,  materials  used,  method  of 
construction,  and  costs  are  all  recorded  in  detail.  The  different  sections 
of  roadway  included  different  kinds  of  bituminous  combinations,  as  the 
mixing  methods,  penetration  methods,  and  with  different  varieties  of 
asphaltic  or  bituminous  binders;  also  variations  in  the  base  course  as 
concrete  and  vitrified  block.  Tiiese  are  all  noted  in  detail  in  the  descrip- 
tions of  the  several  sections  of  the  road.  The  costs  per  unit  of  the  sev- 
eral  sections  are  also   recorded   in   detail. 

It  will  be  interesting  to  note  the  result  of  wear  on  this  roadway, 
where  the  destructive  conditions  can  be  assumed  as  fairly  uniform  on 
the  whole  length,  l)ut  where  the  resistance  to  destruction  under  the  pass- 
ing automoljiles  may  be  different  in  two  adjacent  sections. 

It  is  to  be  hoped  that  the  pulilic  may  have  full  benefit  of  this  experi- 
ment by  other  publications  from  the  Philadelpliia  Department  of  Pub- 
lic Works,  Bureau  of  Highways,  recording  in  detail  the  results  obtained 
from  this  Service  Test  Road. 

LIBRARY   NOTES 

The  Library  Committee  desires  to  return  thanks  for  donations  to  the 
library.  Since  the  last  publication  of  the  list  of  such  gifts  the  following 
publications  have  been  received: 

NEW  nooKS. 
McGraw-Hill  Book  Co.: 

Structural  Engineers'  Handl)0()k,  M.  S.  Ketclium.     Leather, 
Tlie  Regulation  of  Rivers,  J.  L.  Van  Ornum.     Cloth. 
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American  Technical  Society: 

Steel  Construction,  H.  J.  Burt.     Leather. 
John  Wiley  &  Sons,  Inc.: 

Surveying  Manual,  H.  C.  Ives.     Leather. 
Open  Court  Publishing  Co.: 

Essays  on  the  Life  and  Works  of  Newton,  Augustus  DeMorgan. 
Cloth. 

Waves  of  Sand  and  Snow,  Vaughan  Cornish.     Cloth. 
Macmillan  Company: 

Polyphase  Currents,  Alfred  Still.     Cloth. 

MISCELLANEOUS  GIFTS. 

Coal  Mine  Managers,  Colorado: 

Facts  Concerning  the  Struggle  in  Colorado  for  Industrial  Free- 
dom.    Pam. 
Carnegie  Endowment  for  International  Peace: 

Report  of  International  Commission  to  Inquire  Into  the  Cause 
and  Conduct  of  the  Balkan  Wars.     Cloth. 
Chicago  Special  Park  Commission: 
Annual  Report,  1913.     Pam. 
Ernest  McCullough,  M.  W.  S.  E.: 

Briicken  in  Eisenbeton,  C.  Kernsten.     Cloth. 
Jacob  T.  Wainwright: 

Is   the   Efficiency  of  a  Thermodynamic   Reversible   Cycle   Inde- 
pendent of  the  Working  Medium?     Wainwright.     Bds. 

EXCHANGES. 

Iowa  State  College  Engineering  Experiment  Station: 

Bulletin  No.  37,  Illuminating  Power  of  Kerosene.     Pam. 
Engineering  Association  of  New  South  Wales: 

Proceedings,  Vol.  28,  1912-13.     Cloth. 
Institution  of  Mechanical  Engineers: 

Proceedings,  July,  1914.     Paper. 
Canada  Department  of  Mines: 

Gold  Fields  of  Nova  Scotia.     Pam. 

Lode  Mining  in  Yukon.     Pam. 

The  Copper  Smelting  Industries  of  Canada.     Pam. 
Maine  State  Highway  Commission: 

Annual  Report,  1913.     Cloth. 
Institution  of  Civil  Engineers: 

Minutes  of  Proceedings,  September,  1914.     Paper. 
American  Society  for  Testing  Materials: 

Year  Book,  1914,  containing  Standing  Specifications.     Cloth. 
National  Association  of  Cotton  Manufacturers: 

Transactions,  1914.     Bds. 
Canadian  Society  of  Civil  Engineers: 

Transactions,  Jan. -June,  1914.     Paper. 
University  of  Missouri  Engineering  Experiment  Station: 

A  Study  in  the  effects  of  Heat  on  Missouri  Granites.     Pam. 
Illinois  State  Water  Survey: 

Report  for  year  1913.     Cloth. 
University  of  Minnesota: 

Minnesota  Public  Utility  Rates:  Gas,  Electric.  Water.     Paper. 
Philadelphia  Bureau  of  Surveys: 

Annual  Report,  1913.     Cloth. 
New  York  Public  Service  Commission;  First  District- 

Annual  Report,  1912,  Vol.  III.    Cloth. 

GOVERNMENT  PUBLICATIONS. 

U.  S.  Geological  Survey : 

The  Production  of  Magnesite  in  1913.     Pam. 

The  Production  of  Antimony,  Arsenic,  Bismuth,  Selenium,  Tellu- 
rium in  1913.     Pam. 

The  Production  of  Borax  in  1913.     Pam. 

The  Production  of  Agphalt,  Related  Bitumens  and  Bituminous  Rock 
in  1913.     Pam. 
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GOVERNMENT  PUBLICATIONS. 

The  Production  of  Iron  Ore,  Pig  Iron  and  Steel  in  1913. 

The  Production  of  Lime  in  1913.     Pam. 

The  Production  of  Platinum  and  Allied  Metals  in  1913.    Pam. 

The  Manufacture  of  Coke  in  1913.     Pam. 

Gold,  Silver,  Copper,  Lead  and  Zinc  in  Colorado  in  1913.     Pam. 

Gold,  Silver,  Copper,  Lead  and  Zinc  in  Utah  in  1913.     Pam. 

Gold,  Silver,  Copper,  Lead  and  Zinc  in  New  Mexico  and  Texas  in 

1913.     Pam. 
Gold,   Silver,  Copper,   Lead  and  Zinc  in  California  and   Oregon  in 

1913.     Pam. 
Gems  and  Precious  Stones  in  1913.     Pam. 
Statistics  of  the  Clay  Working  Industries  in  1913.     Pam. 
Copper  in  1913.     Pam. 

Mineral  Resources  of  the  United  States  in  1912.    2  Vols.     Cloth. 
Water  Supply  Papers  Nos.  332c,  340c,  363,  364.     Pams. 
Bulletins  Nos.  580j,  581c,  586,  592.     Pams. 

Gold,  Silver,  Copper,  Lead  and  Zinc  in  Montana  in  1913.    Pam. 
Gold,  Silver,  Copper,  Lead  and  Zinc  in  Arizona  in  1913.     Pam. 
The  Production  of  Coal  in  1913.    Pam. 
Zinc  and  Cadmium  in  1913.     Pam. 

The  Production  of  Metals  and  Metallic  Ores  in  1912  and  1913. 
Pam. 
U.  S.  Bureau  of  Mines : 

Technical  Paper  No.  34,  Experiments   With   Furnaces   for   a   Hand- 
Fired  Return  Tubular  Boiler.     Pam. 
Technical  Paper  No.  63,  Factors  Governing  the  Combustion  of  Coal 

in  Boiler  Furnaces.     Pam. 
Technical  Paper  No.  79,  Electric  Lights  for  Use  About  Oil  and  Gas 

Wells. 
Technical  Paper  No.  77,  Repoit  of  the  Committee  on  Resuscitation 

From  Mine  Gases.    Pam. 
Technical  Paper  No.  65,  A  Study  of  the  Oxidation  of  Coal.     Pam. 
Bulletin  No.  38,  The  Origin  of  Coal.     Pam. 
Bulletin   No.  76,   United  States   Coals  Available  for  Export  Trade. 

Pam. 
Miners'  Circular  No.  16,  Hints  on  Coal-Mine  Ventilation.     Pam. 
Miners'  Circular  No.  19,  The  Prevention  of  Accidents  From  Ex- 
plosives in  Metal  Mining.     Pani.» 
Technical  Paper  No.  85,  Production  of  Explosives  in  tlie  L'nited 

States  in  1913.     Pam. 
Bulletin  No.  83,  The  Humidity  of  Mine  Air.     Pam. 
Report  of  Mine  Inspector  for  Territory  of  Alaska  for  year  end- 
ing June  30,  1914.     Pam. 
U.  S.  Department  of  Agriculture : 

Bulletin  No.  115,  Gate  Structures  for  Irrigation  Canals.     Pam. 
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THE    WORK    AND     SOME    ACCOMPLISHMENTS 
OF  THE  FOREST  PRODUCTS  LABORA- 
TORY, MADISON,  WIS. 

Howard  F.  Weiss,  Director. 
An  Informal  Address  Presented  November  2,  /p///. 

It  affords  me  great  pleasure  to  be  with  you  this  evening.  I 
have  always  felt  that  a  closer  contact  between  your  Society  and  our 
organization  would  result  in  our  mutual  benefit.  It  was  with  this  in 
view  that  1  very  gladly  accepted  an  invitation  to  talk  to  you. 

The  topic  of  my  address  is  the  institution  at  Madison,  Wis- 
consin, known  as  the  Forest  Products  Laboratory.  I  wish  to  tell 
you  what  that  institution  is,  what  it  stands  for,  and  some  of  the 
things  that  it  has  accomplished  in  the  four  years  of  its  existence. 

America,  as  you  all  fully  appreciate,  is  distinctly  a  wood-using 
nation.  Her  annual  consumption  of  lumber  is  between  forty  and 
fifty  billion  feet.  Expressing  that  another  way,  we  use  over  three 
hundred  cubic  feet  of  saw  logs  per  capita  per  year  in  the  United 
States.  England  uses  fifteen  cubic  feet.  There  we  have  the  ex- 
tremes of  our  great  leading  nations, — America  with  three  hundred 
cubic  feet  and  England  with  fifteen.  In  this  country  we  have  been 
cutting  our  timber  approximately  four  times  as  fast  as  we  have 
been  reproducing  that  timber,  which  tends  to  a  marked  shrinkage 
in  our  timber  supply  with  a  consequent  crippling  of  very  important 
American  industries. 

Doubtless  many  of  you  have  heard  it  stated  by  certain  prop- 
agandists that  the  United  States  faces  a  timber  famine  in  about 
fifty  years.  Personally  I  cannot  reconcile  myself  to  that  state- 
ment, for  two  reasons.  In  the  first  place  free  land  in  the  United 
States  is  practically  all  gone.  As  our  country  becomes  more  densely 
populated  and  we  approach  more  and  more  the  conditions  abroad, 
the  per  capita  consumption  of  lumber  will  decrease.  As  a  matter 
of  fact,  we  have  already  passed  our  maximum  lumber  output. 
Though  I  have  not  been  able  to  get  any  reliable  statistics,  I  feel  that 
the  per  capita  consumption  of  lumber  will  decrease  at  a  more  rapid 
rate  than  our  population  will  increase.     Another  reason,  a  second 
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reason,  why  I  feel  we  need  not  fear  a  timber  famine,  is  because  we 
are  learning  more  and  more  to  utilize  timber  efficientl) .  You,  gen- 
tlemen, in  your  own  concrete  constructions  have  already  discovered 
means  of  using  the  same  lumber  over  and  over  again.  You  build  an 
eight  or  ten  story  building  of  concrete  and  you  use  simply  enough 
lumber  to  make  the  forms  for  the  first  two  floors.  You  are  now 
making  nails  with  double  heads.  You  are  using  metal  forms.  You 
are  standardizing  all  along  the  line.  Such  practice  is  going  to  result 
in  a  more  efficient  utilization  of  timber  and  a  consequent  decrease 
in  the  quantity  required. 

So  1  feel  that  we  in  the  United  States  need  not  fear  a  timber 
famine.  I  do  feel,  however,  that  if  our  country  is  going  to  maintain 
the  lead  in  certain  of  its  great  industries,  it  is  absolutely  necessary 
for  us  to  exercise  caution  in  handling  our  great  basic  resources  of 
timber. 

OBJECT. 

The  laboratory  at  Madison  has  as  its  object  the  most  efficient 
utilization  of  timber.     That  means  three  things,  broadly  .speaking. 

FIRST.  Finding  a  practical  use  for  those  species  of  trees  now 
left  standing  in  the  forest  because  they  at  present  possess  little  or  no 
commercial  value.  Take  the  red  gum ;  not  more  than  fifteen  or 
twenty  years  ago  this  was  considered  a  valueless  wood  and  was  left 
by  the  lumbermen  in  the  forest  when  they  felled  the  cypress  and 
other  more  valuable  si)ecies.  Now  the  red  gum  is  one  of  our  leading 
hardwoods,  due  to  the  fact  that  we  have  improved  logging  and  kiln- 
drying  methods.  ( )ne  of  the  largest  hotels  in  this  city  is  beautifully 
finished  in  red  gum  in  Circassian  effect.  We  still  have  in  this  country 
a  number  of  woods  that  are  in  the  same  position  now  that  the  red 
gum  was  a  number  of  years  ago.  Out  in  the  West,  in  Montana  and 
Idaho,  there  are  millions  of  feet  of  larch — a  beautiful  wood — which 
we  are  not  able  to  dispose  of  in  our  stumpage  contracts.  We  have 
had  to  comi)el  the  lumi)crmen  to  remo\e  the  larch.  They  wouM 
not  bother  with  it  because  it  had  certain  inherent  characteristics 
which  could  not  well  be  eliminated,  the  chief  being  the  difficulty  of 
kiln-drying.  The  white  fir  which  grows  in  California  is  now  classed 
as  a  "tree  weed."  ( )ne  problem  then  *is  to  find  a  use  for  these 
varieties  of  trees  which  are  left  standing  in  the  forests  because  they 
have  little  or  no  commercial  value. 

.SKCoNi).  Increasing  the  efficiency  of  utilizing  those  forest  prod- 
ucts already  in  demand,  such  as  lumber,  ties,  jioles.  etc.  1  think  the 
most  specific  example  of  this  is  what  has  been  done  in  the  ])reserva- 
tive  treatment  of  railroad  ties.  We  use  approximately  120,000,0(X) 
railroad  ties  in  the  United  States  every  year,  most  of  which  go  for 
renewals.  The  average  life  of  these  ties  is  seven  years.  Wy  proper 
methods  of  jjreservative  treatment,  we  can  bring  that  life  of  seven 
years  up  to  seventeen  years — more  than  double  it. 

Tiiikn.  Eliminating  wood  waste,  both  in  the  forest  ami  in  the 
mill,  resulting  from  present  operations.     (  )idy  al)out  fifty  per  cent 
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of  a  Standing  tree  is  utilized.  The  other  hfty  per  cent  is  wasted 
somewhere,  either  in  the  form  of  stumps,  hmbs,  tops,  slabs,  edgings, 
shavings,  sawdust  or  bark.  In  other  words,  only  about  fifty  per  cent 
of  the  tree  is  put  on  the  market  in  a  merchantable  form.  Of  that 
hfty  per  cent  there  is  still  an  enormous  waste.  For  example,  a 
vehicle  or  furniture  factory  will  waste  ten,  fifteen,  or  twenty  per 
cent  of  the  lumber  which  they  purchase,  so  that  in  the  finished 
product  really  not  over  thirty  to  forty  per  cent  of  the  wood  as  it 
grows  in  the  forest  is  used.  It  is  obvious  that  any  industry  which 
wastes  that  enormous  percentage  of  its  raw  material  will  have  a 
strenuous  fight  for  its  existence,  and  those  of  you  who  are  familiar 
with  the  lumbering  industry  at  the  present  time  will,  I  think,  agree 
with  me  that  this  industry  is  surely  having  a  strenuous  existence 
right  now. 

Not  more  than  three  months  ago  I  went  to  the  Pacific  Coast  and 
found  sixty  per  cent  of  the  mills  closed  down,  and  more  were  closing 
down  every  day.  Of  course,  we  are  facing  now  rather  unusual  con- 
ditions. In  spite  of  this,  there  are  certain  broad,  basic,  fundamental 
changes  that  are  occurring  in  regard  to  the  utilization  of  timbers, 
which  neither  lumbermen  nor  the  Government  nor  any  one  else  can 
stop.  They  are  in  line  with  the  progress  of  civilization  and  I  be- 
lieve it  behooves  the  lumbering  industry  to  look  at  these  things  in  a 
much  broader  way  than  they  have  in  the  past.  Lumbermen  have 
frequently  taken  an  attitude  of  opposing  these  changes.  Some  of 
them  even  believe  we  ought  to  have  wooden  sidewalks.  Their 
tendency  is  to  fight  progress  all  along  the  line.  It  is  characteristic, 
I  think,  of  Americans  to  swing  from  one  end  of  a  pendulum  to  the 
other.  In  the  car  proposition  we  have  swung  to  an  all-steel  car. 
The  last  time  I  went  to  New  York  they  handed  me  cigars  in  a  steel 
box.  I  believe  we  sometimes  carry  things  to  extremes,  when  a 
half-way  course  would  be  much  better.  It  is  squarely  up  to  the 
lumbermen  to  realize  that  these  broad  changes  are  occurring  and  to 
modify  their  business  to  conform  to  them.  For  example,  the  fibre 
box  is  here  to  stay.  The  lumbermen  are  not  going  to  put  the  fibre 
box  industry  out  of  business.  The  fibre  box,  however,  is  not  adapted 
for  shipping  pianos,  and  there  is  a  limit  to  its  use.  There  is  a  limit 
to  the  use  of  the  wooden  box.  In  my  opinion,  that  man  is  going  to 
succeed  best  who  finds  out  first  what  those  limits  are. 

I  believe  you  now  have  a  general  view  of  the  types  of  problems 
which  our  institution  is  attacking — three  broad  attacks,  aimed  at 
better  efficiency  in  utilization  and  merchandizing. 

ORGANIZATION  AND  FIELD  WORK. 

Just  a  word  in  regard  to  the  personnel  and  organization  of  the 
laboratory.  It  is  maintained  by  the  United  States  Government 
through  its  Forest  Survey  in  cooperation  with  the  State  of  Wiscon- 
sin through  its  University  at  Madison.  We  have  been  building  up 
the  equipment  in  the  institution  for  the  past  four  years  and  now 
have    about    all    the    machinery    necessary    to    study    wood    from 
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a  chemical,  mechanical,  pathological,  or  other  standpoint.  We  have 
built  up  a  staff  of  approximately  ninety-five  people,  most  of  whom 
are  graduates  of  our  American  universities  in  chemistry,  engineering, 
botany,  pathology,  physics,  or  some  other  special  line  which  we  need. 

1  want  to  mention  two  points  of  policy,  because  I  feel  that  a 
number  of  you  gentlemen  may  be  engaged  in  consulting  work,  and 
I  have  frequently  received  letters  to  the  effect  that  our  Government 
was  taking  a  too  paternal  attitude,  and  that  it  was  dabbling  into  our 
industrial  life  to  the  extent  of  preventing  many  from  making  a 
respectable  livelihood.  So  I  want  to  make  these  two  points  of  our 
policy  perfectly  plain  to  you. 

The  first  point  is  that  the  laboratory  does  not  work  upon  any 
problem  which  is  of  exclusive  benefit  to  individual  companies.  We 
made  a  series  of  tests  on  packing  boxes  in  cooperation  with  the 
Interstate  Commerce  Commission.  After  we  made  these  tests  we 
were  deluged  with  letters  from  various  box  makers  all  over  the 
country,  who  wanted  us  to  make  tests  on  their  types  of  boxes.  They 
felt  very  much  injured  when  we  told  them  that  we  could  not  make 
those  tests.  We  are  not  in  the  business  of  making  tests  to  find  out 
whether  Mr.  Jones'  box  is  better  than  Mr.  Smith's  box,  etc.  If 
they  want  tests  of  that  nature  made,  they  will  have  to  go  to  some 
consulting  concern  and  have  them  made,  or  make  them  themselves. 
We  are  dealing  with  generalities,  not  with  specific  instances. 

Another  point  which  is  sometimes  difficult  to  understand  is 
that  we  do  not,  as  a  rule,  give  a  direct  reply  to  certain  inquiries. 
A  man  will  write,  "I  have  10,000  telegraph  poles  that  I  wish  to  treat 
with  some  kind  of  a  wood  preserver.  How  about  this  preservative ; 
do  you  recommend  it  for  our  use?"  We  cannot  tell  that  man  yes 
or  no.  All  we  can  do  is  to  answer  him  in  an  indirect  way  by  sending 
him  the  data  that  we  have  on  this  particular  preservative,  together 
with  other  makes  of  preservatives  and  let  him  draw  his  own  con- 
clusions. This  is  not  a  very  satisfactory  way  to  answer  an  inquiry 
and  it  is  not  the  way  you  gentlemen  would  answer  an  inquiry.  You 
would  say,  "Yes,  use  this,"  or  "Don't  use  this,"  and  you  would  have 
your  reasons  for  it.     We  cannot  do  that. 

In  order  to  handle  this  broad  field  of  problems  assigned  to  us. 
we  have  divided  our  laboratory  into  a  number  of  technical  sections. 
We  have  five  main  sections  of  a  technical  character.  We  call  them 
Timber  Tests,  Timber  Physics,  Wood  Preservation.  Derived  Pro- 
ducts, and  Pulp  and  Paper. 

Figure  1  represents  the  rear  end  of  our  building,  which  looks 
more  businesslike  than  the  front  view.  You  will  note  that  there  is 
a  side  spur  of  the  C.  M.  &  St.  P.  Ry.,  a  large  derrick  for  unloading 
the  logs,  some  railroad  ties  in  our  storage  yard,  and  a  shed  in  which 
we  season  our  lumber. 

Witli  reference  to  our  carpenter  shop,  there  is  nothing  unique 
about  it,  but  there  is  a  certain  feature  cotuicctcd  with  it  that  might 
interest  you.  Wood  is  something  which  has  been  created  by  nature. 
It  is  something  which  we  cannot  make  ourselves.     Consequently, 
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there  is  great  variation  in  the  quahty  of  timher,  and  for  our  pur- 
])Oses  we  Have  to  know  definitely  just  what  kind  of  timher  we  are 
experimenting  with,  under  just  what  conditions  that  timher  grew, 
what  part  of  the  tree  the  specimen  came  from,  and  so  forth.  So 
in  making  a  test,  say  on  white  oak  or  on  hickory  or  white  pine,  or 
anv  other  specie  that  grows  in  our  country,  the  first  thing  we  do  is 
to  send  one  of  our  men  to  the  territory  where  that  timber  grows.  On 
his  arrival  he  selects  five  trees  which  represent  average  quality,  takes 
photographs  of  them,  and  notes  the  condition  of  soil  in  which  they 
grew,  their  exposure  and  certain  other  ecological  factors.  Then 
the  trees  are  felled,  and  sawed  into  logs.  The  ends  of  each  log  are 
l)ainted.  The  north  side  of  the  log  is  marked  and  the  number  of 
the  log  is  painted  on  each  small  end.  The  logs  are  then  hauled  by 
team  or  other  means  to  the  railroad,  where  they  are  loaded  on  the 
cars  and  shipped  to  the  laboratory.  They  are  unloaded  with  the 
derrick  shown  in  Fig.  1,  and  are  kept  in  storage  until  we  are  ready 
to  test  them.  They  are  then  passed  through  our  sawmill,  where 
they  are  sawed  into  planks,  then  they  go  to  the  carpenter  shop, 
where  they  are  cut  to  the  exact  size  desired  and  then  into  the  test 
specimen,  according  to  what  sort  of  analysis  we  are  going  to  make. 
We  find  that  this  procedure  is  necessary,  although  it  sounds 
like  unnecessary  detail.  It  sounds,  perhaps,  like  too  ultimate  a  re- 
finement, but  experience  has  taught  us  that  unless  we  know  exactly 
under  what  conditions  our  test  specimen  has  grown,  we  can  tell 
very  little  about  what  the  test  specimen  shows.  Red  oak  grown  in 
Arkansas  is  entirely  different  from  red  oak  grown  in  Indiana.  Doug- 
las fir  grown  on  the  Coast  is  entirely  different  from  Douglas  fir 
grown  in  Utah,  although  they  are  identically  the  same  specie. 

TIMBER   TESTS   SECTION. 

The  first  mentioned  section — that  of  timber  tests — undertakes 
to  determine  the  mechanical  properties  of  wood  and  of  the  products 
made  from  wood.  We  have  five  30,000-pound  testing  machines,  one 
100,000-pound  Riehle  machine,  one  200,000-pound  Richie  machine, 
and  an  impact  machine. 

As  to  some  of  the  work  which  has  been  done  in  this  section: 
The  broad,  basic  problem  has  been  to  determine  the  mechanical  ]irop- 
erties  of  all  of  our  important  American  timbers,  and  thus  far  we 
have  covered  about  100  species  and  made  over  150,000  tests.  We 
now  have  a  pretty  good  working  knowledge  of  the  strength  of  our 
most  important  American  timbers,  ^^^^at  we  are  working  at  now 
is  to  find  out  what  effect  altitude  has  on  the  strength,  what  effect  a 
sandy,  loamy  soil  has  as  compared  with  a  clay  soil,  and  so  on,  in 
order  to  work  out  all  the  variable  mechanics  of  timber.  Recently 
one  of  our  men  started  a  survey  of  the  building  codes  of  the  differ- 
ent cities.  We  have  found  that  there  is  the  greatest  diversity  in 
the  allowable  stresses  of  the  different  cities.  One  city,  for  cxami>le. 
will  allow  a  working  stress  for  yellow  pine  of  900  pounds  per  square 
inch.  Another  citv.  located  less  than  100  miles  away,  will  allow 
1  ,S00  ])f)unds   for  identically  the  same  specie  and  grade.     We  are 
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trying  to  work  with  these  ditlerent  cities  to  hriiig  ahoiit  a  standard- 
ization of  stresses,  a  standardization  of  quaHty  of  timber,  a  standard- 
ization of  grade ;  rather  a  difficult  problem,  but  1  believe  it  is  some- 
thing which  should  be  done  for  the  interests  of  both  the  cities  and 
the  lumber  manufacturers. 

Another  piece  of  research  we  have  under  way  is  to  test  the  me- 
chanical efficiency  of  built-up  beams,  of  joints,  and  so  forth,  as 
comparetl  with  natural  beams.  For  example,  a  four  by  eight  as  com- 
pared with  two,  two  by  eights  nailed  together.  I  have  been  rather 
surprised  at  the  results  thus  far,  as  1  felt  a  built-up  beam  was 
stronger  than  a  solid  beam,  but  these  tests  do  not  indicate  such  is 
the  case.  We  are  finding  the  nail-holding  strength  of  wood  at  dif- 
ferent points  from  the  ends  and  the  efficiency  of  different  types  of 
bolts,  washers,  and  so  forth. 

We  recently  completed  a  series  of  tests  on  barrels,  and,  strange 
to  say,  a  barrel  had  apparently  never  before  been  tested.  We  did 
not  know  how  to  go  abotit  testing  a  barrel.  We  wrote  to  all  of  the 
large  cooperage  manufacturers  and  asked  them  how  they  wanted 
the  barrels  tested.  They  said,  "That  is  what  you  are  there  for." 
So  we  devised  a  series  of  tests  which  we  thought  would  most 
closely  duplicate  the  various  strains  a  barrel  would  be  subjected  to 
in  carrying  its  contents.  We  had  shipped  to  us,  in  cooperation  wath 
the  Bureau  of  Explosives,  a  carload  of  whiskey  barrels,  the  finest 
kind  of  whiskey  barrels  I  have  ever  seen.  They  all  came  to  the 
laboratory  with  my  name  burnt  in  the  end.  We  were  not  permitted 
by  the  cooperage  people  to  drive  the  hoops  on  those  barrels  because 
they  said  we  did  not  know  how  to  drive  hoops  and  that  was  a  trade 
by  itself.  Consequently,  they  sent  their  own  expert  from  St. 
Louis,  to  drive  these  hoops,  and  then  we  started  in  testing  the  barrels. 
To  cut  a  long  story  short,  we  found  that  the  barrels  failed  in  an 
entirely  different  place  from  the  one  the  manufacturers  thought 
they  would  or  from  where  we  thought  they  would  fail.  They 
shipped  the  barrels  to  us  with  what  is  called  short  "chime." 
(The  chime  is  the  part  that  sticks  out  beyond  the  head.)  When 
we  put  an  internal  water  pressure  on  these  barrels  water  spurted 
through  the  chime.  Consequently  the  longer  chime  used  in 
standard  practice  was  better  than  the  shorter  chime  used 
in  making  these  test  barrels.  Furthermore,  the  barrels  burst  in  the 
heads.  By  arranging  the  hoops  in  a  different  way  from  what  they 
had  them,  placing  them  nearer  the  center  of  the  barrel,  and  by  putting 
in  a  head  which  was  one  and  one-haif  times  the  thickness  of  the 
staves,  we  made  a  barrel  that  was  25  per  cent  stronger  than  the  best 
barrel  they  shipped  to  us,  and  it  required  a  less  amount  of  wood.  \\^e 
simply  put  more  wood  in  the  head  of  the  barrels  and  took  it  out  of 
the  staves,  and  spread  the  hoops  on  the  barrel  in  order  to  more 
evenly  reinforce  the  staves. 

Another  interesting  fact  about  these  tests  was,  when  one 
dropped  a  barrel  on  a  platform  it  would  "spring"  and  a  little  water 
would  spurt  out,  but  immediately  it  would  be  perfectly  tight.  \\'ith  a 
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metal  barrel,  there  is  but  little  "spring"  and  with  a  puncture  the 
water  keeps  on  running  out. 

A  feature  1  want  to  call  to  your  attention,  in  connection  with 
the  effect  of  moisture  on  the  strength  of  wood,  which  probably  a 
good  many  of  you  already  know,  is  that  as  the  moisture  content  of 
wood  increases  the  strength  decreases  until  a  certain  point  is  reached, 
after  which  increasing  the  moisture  content  has  no  efifect  whatever 
upon  the  strength  of  the  wood.  That  "point"  was  discovered  by 
one  of  our  men,  Mr.  H.  D.  Tiemann,  and  is  called  by  him  the  "fibre 
saturation  point."  In  other  words,  it  is  a  point  where  the  wood 
fibres  have  taken  up  so  much  water  that  the  addition  of  more  water 
simply  goes  to  fill  the  cell  cavities.  Hence,  after  wood  takes  up 
a  certain  amount  of  moisture,  no  effect  whatever  is  had  upon  the 
strength  by  adding  more  water.  The  fibre  saturation  point  is  more 
or  less  constant  in  the  different  species  and  ranges  from  about  20 
to  30  per  cent.  Old  timber  tests  made  by  the  Germans  show  these 
moisture  strength  curves  in  an  entirely  difterent  way  from  what  I 
have  shown  you. 

The  railroads  of  the  United  States  have  had  great  difficulty  in 
getting  shippers  to  properly  pack  their  products ;  the  result  has  been 
that  claims  against  the  railroads  for  goods  damaged  in  transit  have 
been  enormous.  This  matter  was  taken  up  by  the  Interstate  Com- 
merce Commission,  through  the  Bureau  of  Explosives,  and  we  made 
quite  a  large  series  of  tests  on  packing  boxes.  Figure  2  shows  one 
method  of  testing  wooden  boxes.  You  will  note  the  character  of  the 
failure.  We  found  that  a  box  made  with  a  very  small  quan- 
tity of  wood  wound  with  wire  is  one  of  the  toughest  varieties 
of  boxes  now  put  on  the  market.  These  tests  have  been  used  by 
Colonel  Dunn  in  drawing  up  specifications  for  shipping  containers 
to  be  used  by  the  Interstate  Commerce  Commission. 

In  illustration  of  some  of  our  work,  consider  two  hickory 
wheel  spokes,  one  is  "red  hickory,"  and  the  other  "white  hickory." 
In  other  words,  one  spoke  comes  from  the  heartwood,  the  interior  of 
the  tree,  and  the  other  comes  from  the  sapwood  or  the  exterior  of 
the  tree.  All  the  old  specifications  for  hickory  spokes,  mallets, 
and  so  forth,  excluded  the  red  liickory,  it  being  supposed  that  this 
variety  of  hickory  was  not  as  good  as  white  hickory.  So  in  co- 
operation with  some  of  the  vehicle  associations  we  made  a  large 
number  of  tests  of  spokes  and  found  that  the  discrimination  against 
the  red  hickory  was  largely  unwarranted ;  that  if  one  had  red  hickory 
which  was  as  dense  as  the  white  there  was  very  little  difference  in 
the  quality  of  the  spokes.  We  took  this  matter  up  with  the  Isthmian 
Canal  Commission  and  they  changed  their  specifications  for  pick 
handles,  shovel  handles,  and  similar  products  to  include  a  certain 
amount  of  red  hickory.  This  has  resulted,  in  turn,  in  decreasing 
very  rnatcrially  the  waste  in  cutting  this  valuable  wood.  Red  hick- 
ory is  now  permissible  in  a  majority  of  hickory  specifications, 
whereas  not  more  than  ten  years  ago  it  was  rigidly  excluded. 

I  believe  these  cxamj^lcs  will  give  you  a  general  idea  of  what 

Vol.  XIX.  No.  10 


Weiss— Forest  Products  Laboratory,  Madison,,  Wis.  941 


Fig.  2. — Method  of  Testing  Boxes. 


December,  1914 


942  JVeiss — Forest  Products  Laboratory,  Madison,  IVis. 

we  have  been  doing  in  our  section  of  Timber  Tests  in  studying  the 
mechanical  properties  of  wood. 

TIMBER  PHYSICS  SECTION. 

In  the  section  of  Timber  Physics  we  study  the  physical  proper- 
ties of  wood ;  that  is,  the  length  of  the  fibres,  the  structure  of  wood, 
moisture,  and  heat  transmission  in  wood. 

From  the  ])hysical  standpoint  our  American  timbers  are  divided 
into  three  main  groups  according  to  the  "holes"  or  pores  which  they 
contain.  The  first  group  is  known  as  a  non-porous  group,  in  which 
are  included  all  the  pines, — the  conifers.  That  is,  these  woods  do 
not  have  little  pores  or  "holes"  in  them.  The  second  group  is  what 
is  known  as  a  ring  porous  wood.  The  pores  occur  in  rings,  and 
hence  the  name  ring  porous  wood.  There  are  peculiar  walls  inside 
the  pores.  These  walls  are  cells  which  grow  out  from  the  sides  of 
the  vessels,  ultimately  plugging  them.  They  are  known  technically 
as  "tyloses."  Red  oak  looks  like  white  oak,  but  it  does  not  have  these 
vessels.  You  can  quite  readily  blow  through  a  ])iece  of  red  oak  four 
or  five  feet  long.  But  it  is  absolutely  impossible  to  blow  through  a 
l)iece  of  white  oak  because  of  these  tylose  partitions.  Tyloses  make 
possible  the  use  of  white  oak  for  barrels  to  hold  liquids,  and  prevent 
this  same  use  of  red  oak  unless  by  some  artificial  means  the  pores 
are  plugged. 

The  third  group  is  known  as  the  diffuse  porous  wood,  so-called, 
because  the  pores  are  diffused  uniformly  throughout  the  entire  width 
of  the  ring. 

As  to  some  of  the  researches  we  have  under  way  in  this  section  : 
There  has  been  a  great  deal  of  controversy  on  the  part  of  the  manu- 
facturer and  buyer  as  to  how  to  tell  long  leaf  pine  from  short  leaf 
l)ine,  and  short  leaf  pine  from  loblolly  and  loblolly  pine  from  Cuban 
l)ine,  and  so  forth.  ()ne  of  our  men  has  been  trying  for  the  past  two 
months  to  determine  a  positive  means  of  telling  short  leaf  from  long 
leaf  pine.  Go  to  an  average  lumberman,  hold  up  a  piece  of  wood 
and  he  will  give  you  at  once  a  name.  .\sk  another  lumberman 
about  that  same  ])iece  of  wood,  and  the  chances  are  he  will  give  you 
an  entirely  dilTerent  name.  wSo  far,  it  has  been  absolutely  impossible 
to  distinguish  short  leaf,  long  leaf,  or  loblolly  pine  from  each  other. 
unless  you  had  ty|)ical  specimens,  because  they  so  merge  into  each 
other.  W'e  have  known  no  distinguishing  characteristics.  I 
sent  our  representative  to  get  samples  of  the  Southern  pine> 
from  old  trees  and  young  trees,  from  the  base  of  the  tree  and  the 
top  of  the  tree,  from  fast-growing  and  slow-growing  trees.  He  has 
been  working  with  a  microsco|)e  trying  to  find  some  i)ositive  means 
of  identifying  these  woods.  Me  identified  the  trees  from  which  he 
took  the  wood  in  the  forest,  which  is  a  simple  thing  for  a  botanist  or 
a  lumberman  to  do,  but  to  identifv  the  wood  is  (|uite  ilifi'erent.  lie  has 
already  found  what  he  believes  are  certain  distinguishing  character- 
istics which  apparently  are  constant.  One  of  them  is  the  arrange 
ment  of  the  pith;  the  other  is  in  the  width  of  the  medullary  rays. 
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These  determining  factors  will  be  of  value  chiefly  in  court  cases.  One 
could  not  very  well  carry  a  microscope  around  in  a  lumber  yard 
and  look  at  the  wood  in  order  to  find  out  what  it  is.  I  believe  we 
have  solved  the  identification  of  the  wood  of  the  Southern  pines 
and  shortly  we  will  issue  a  publication  on  it. 

Another  thing  which  we  are  developing  in  this  section  is  a  little 
book  to  be  given  to  tie  inspectors  to  slip  in  their  pockets,  so  they 
can  learn  how  to  distinguish  between  the  different  kinds  of  ties.  I 
recently  ordered  4,000  ties  from  one  of  our  Western  railroads.  I 
asked  for  two  varieties  of  wood, — maple  and  red  oak, — 2,000  ties 
of  each.  I  got  eight  species,  among  them  being  butternut  and  hem- 
lock, and  these  ties,  understand,  were  passed  upon  not  only  by  the 
ordinary  run  of  inspectors,  but  by  the  chief  inspector  of  that  rail- 
road. Furthermore,  a  lot  of  those  ties  were  not  even  up  to  grade, 
irrespective  of  species.  W'e  found  approximately  500  ties  absolutely 
unfit  for  use.  That  is  what  happened  in  a  4,000  tie  order.  That  is 
what  happens  every  day.  We  are  putting  into  this  book,  which  I  say 
will  be  a  handbook,  some  simple  means  for  a  tie  inspector  to  tell 
maple  from  beech,  or  from  birch,  and  so  forth,  using  only  a  hand 
glass  magnifying  to  five  diameters.  I  think  this  publication  is  going 
to  help  considerably — at  least  the  tie  men  tell  me  it  will — toward 
eliminating  much  controversy  between  the  buyer  and  manufacturer 
of  railroad  ties. 

Another  problem  handled  in  this  section  is  that  of  removing 
moisture  from  wood  or  what  is  commercially  known  as  kiln-drying. 
We  had  a  piece  of  eucalyptus  board  that  was  perfectly  flat  when 
it  was  sawed.  We  let  it  lie  on  the  table  and  it  actually  "walked  off" 
the  table  in  drying  out.  The  eucalyptus  grows  so  fast  that  the  wood 
is  full  of  stresses.  You  can  hear  logs  "crackle"  like  a  piece  of 
breaking  glass.  It  is  one  of  the  most  difficult  woods  to  dry,  but  a 
beautiful  wood  after  it  is  dry. 

Figure  4  is  a  cross  section  through  a  dry  kiln  developed  by  one 
of  our  men,  that  works  very  satisfactorily.  He  has  taken  out  two 
l^atents  on  this  kiln  in  the  name  of  the  public  so  that  any  American 
who  wants  to  use  it  can  do  so  without  the  payment  of  royalties. 
The  cross  section  of  the  kiln  shows  two  vertical  walls,  spaced  about 
eighteen  inches  from  the  sides,  with  a  series  of  baffle  plates,  and  a 
row  of  steam  pipes,  together  with  a  trough  to  catch  the  water.  The 
unique  feature  of  this  kiln  is  the  circulation,  which  is  maintained  by 
means  of  a  spray  of  water.  Running  along  the  top  of  the  kiln  is  a 
pipe  in  which  arc  inserted,  every  two  or  three  feet,  a  spray  nozzle, 
which  shoots  a  fine  spray  of  water  into  the  chamber.  The  water  runs 
into  a  trough  and  then  is  picked  up  by  a  jnuiip  and  recirculated 
through  the  kiln.  The  great  advantage  of  the  kiln  is  that  it  is  abso- 
lutely closed.  It  makes  no  difference  whether  it  is  hot  or  cold  out- 
side, whether  it  is  dry  or  wet,  for  you  can  control,  absolutely,  the 
temperature,  the  humidity,  and  the  circulation.  These  are  the  es- 
sentials of  a  good  kiln  and  any  kiln  which  controls  these  three  things 
at  all  stages  of  the  process  will  succcssfulh  dry  wood.    In  operating 
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the  kiln  wo  pass  steam  through  the  coils  to  bring  the  temperature  up 
to  150  or  100  degrees  Fahrenheit.  Jiot  water  is  then  sprayed  down 
into  tlie  chamber.  After  a  while  the  pile  of  lumber,  which  is  placed 
on  the  track,  is  heattd  to  the  center.  This  does  not  dry  the  lumber; 
in  some  cases  it  is  actually  soaking  the  lumber  with  water ;  what  it  is 
doing  is  simply  heating  it.  We  keep  the  lumber  in  the  kiln  until 
it  is  heated  clear  through  to  the  center.  When  that  is  accomplished  we 
change  our  thermostat  valve  and  begin  lowering  the  temperature  of 
the  spray  water.  It  starts,  say  at  170  degrees,  and  is  gradually  cooled 
until  nothing  Init  cold  water  passes  through  the  nozzle.  By  this 
means,  keejMng  the  steam  in  the  heating  coils  constant  or  raising  it 
at  the  end  of  the  operation,  we  can  dry  lumber  down  to  three  or 
four  ])er  cent  or  less  of  moisture.  The  kiln  has  been  very  successful 
in  drying  woods.  In  fact,  it  has  succeeded  in  drying  a  number  of 
woods  wjiich  the  manufacturers  heretofore  have  not  been  able  to 
use. 

A  piece  of  oak  wagon  rim  was  dried  in  a  certain  commercial  dry 
kiln  and  the  honeycomb  effect  was  very  marked,  because  it  took  the 
moisture  from  the  outside,  in.  In  our  system  of  drying — and  some 
other  commercial  systems  do  the  same  thing — we  take  the  moisture 
from  the  inside,  out.  The  same  kind  of  wood,  kiln  dried  in  our  kiln, 
manifested  no  signs  of  checking  or  honeycombing.  What  we  did 
with  this  oak  is  something  that  we  have  also  done  with  hickory, 
with  the  W'esterii  larch,  and  with  the  Western  red  cedar'.  We  are 
now  working  upon  a  method  of  properly  kiln-drying  red  gum.  .\11 
this  work  is  being  done  by  Mr.  H.  D.  Tiemann. 

WOOD   PRESERVATION    SECTION. 

As  the  name  implies,  the  section  of  Wood  Preservation  is  de- 
voted entirely  to  studying  methods  of  preventing  the  rotting  of  tim- 
ber. In  the  last  year  and  a  half  we  have  expantled  to  include  meth- 
ods of  preventing  destruction  of  timber  by  fire  and  the  destruction 
of  timber  by  mechanical  causes,  such  as  spike  cutting,  rail  cutting, 
and  so  forth.  One  of  our  common  wood-destroying  fungi,  is  called 
mycelium.  The  tie  is  permeated  with  little,  fine,  root-like  hairs  go- 
ing through  the  wood,  wdiich,  after  they  develop  in  the  wood  to  a 
certain  degree,  come  to  the  surface  and  form  a  mass  known  as  the 
fruiting  body.  Underneath  this  hood  are  little  gills  which  hang 
down  and  it  is  on  them  that  the  seeds,  or  spores,  are  formed.  These 
are  microscoiMc  in  size.  They  are  like  dust  ])articles,  easily  picked 
up  by  the  wind.  When  they  alight  on  timber  they  fasten  to  it  and 
propagate. 

Figure  5  is  a  longitudinal  section  of  wood.  You  will  notice 
how  the  cells  are  arranged.  The  black  spots  are  called  "pits."  It 
is  through  them  that  the  sap  gets  from  one  cell  to  another.  These 
cells  are  the  medullary  or  ray  cells.  The  lines  are  the  threads,  roots 
or  mycclia  of  the  fungus.  Up  in  the  medullary  cells,  where  there 
is  (|uite  an  accumulation  of  starch,  you  will  notice  the  density  of 
mycelia.     .After  a  while  the  mycelia  become  so  numerous  that  the 
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wood  cells  no  longer  have  any  strength.  Their  "life"  is  gone,  and 
the  wood  is  then  what  we  call  rotted. 

One  series  of  investigations  we  have  under  way  in  the  section 
of  Wood  Preservation  is  to  find  out  the  preservative  value  of  a  large 
number  of  products  now  put  on  the  market  as  wood  preservatives. 
We  have  tested  about  thirty-five  of  them.  I  wish  to  comment  at  this 
point  on  a  peculiar  condition  which,  I  think,  ought  to  be  taken 
seriously  at  this  time.  Apparently  those  engaged  in  commercial 
treatment  of  timber  have  not  seen  fit  to  do  so.  We,  and  other 
American  investigators,  together  wnth  some  Austrian  and  German 
investigators,  agree  that  the  toxicity  of  coal  tar  creosote  and  zinc 
chloride,  that  is,  their  ability  to  kill  fungus,  is  practically  the  same.  In 
other  words,  one-seventh  of  a  pound  of  creosote  injected  into  wood 
per  cubic  foot  will  keep  that  cubic  foot  free  from  attack,  provided 
you  can  keep  the  creosote  in  the  wood.  In  commercial  treatment 
we  ordinarily  put  in  at  least  eight  pounds ;  some  people  go  as  high 
as  ten,  and  in  paving  blocks  as  high  as  sixteen  pounds.  Suppose  we 
use  eight  pounds, — theoretically  we  are  putting  in  fifty-six  times  as 
much  creosote  as  is  necessary  to  keep  that  wood  sound.  Look  at  the 
specifications  for  the  treatment  of  timber  with  zinc  chloride  and 
what  do  you  find?  You  find  they  call  for  one-half  pound  injection, 
or  about  four  times  as  much  as  is  theoretically  necessary.  If  creo- 
sote is  commercially  better  than  chloride  of  zinc,  why  this  great  dif- 
ference? If  you  were  building  a  bridge  and  had  a  girder  on  the 
north  side  and  one  on  the  south  side,  you  would  use  the  same  factor 
of  safety  for  both.  Why  have  fifty-six  times  as  much  creosote  as  is 
theoretically  necessary,  and  only  four  times  as  much  zinc  chloride 
as  is  theoretically  necessary,  if,  as  a  number  of  engineers  will  argue, 
creosote  is  the  superior  product. 

A  number  of  creosoting  companies  have  written  to  me  within 
the  last  few  weeks  and  said,  "We  are  obliged  to  shut  down  as  we 
have  no  creosote."  The  United  States  uses  110,000.000  gallons  of 
creosote  in  a  year,  about  70%  of  which  comes  from  abroad,  and. 
of  course,  the  foreign  supply  is  now  shut  off.  Our  advice  to  these 
companies  has  been  to  use  less  creosote,  treat  the  ties  with  two 
pounds  to  the  cubic  foot,  or  treat  them  with  zinc  chloride  instead 
of  shuttitig  down  the  plant  and  giving  no  treatment  at  all.  The 
dangerous  thing,  however,  in  advocating  treatment  of  wood  with 
only  two  or  three  pounds  of  creosote  to  the  cubic  foot  is  this:  If 
vou  tell  the  average  treating  engineer  to  do  that,  he  is  likely  to  put 
in  two  and  a  half  pounds,  in  the  same  way  that  he  does  eight  or 
ten  pounds.  Hence,  only  one  thing  can  occur,  and  that  is  failure.  The 
essential  thing  is  to  get  tiie  creosote  clear  through  the  wood  if  pos- 
sible. There  is  no  advantage  in  putting  more  creosote  into  ties 
than  is  necessary,  because  if  your  tie  wears  out,  you  remove  it  from 
the  track  and  burn  up  the  creosote  in  it  as  well  as  the  tie.  The  thing 
to  do  is  to  produce  the  tie  failure  from  mechanical  causes  and  from 
dccav  at  approximately  the  same  period. 

We  have  cooperated  with  several  coal  companies  in  the  East. 
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notably  the  Philadelphia  &  Reading,  and  placed  in  their  mines  a 
large  quantity  of  timber,  treated  in  different  ways.  Untreated  wood 
— perfectly  sound  timber — in  those  mines  will  be  completely  rotted 
in  about  eighteen  months,  but  this  treated  timber  has  remained  per- 
fectly sound.  It  has  been  in  use  now  eight  years.  The  timber 
treated  with  zinc  chloride  shows  the  same  results.  It  is  perfectly 
sound  at  the  end  of  eight  years.  The  only  failures  we  have  had 
were  caused  by  crush  or  "squeeze"  in  those  timbers. 

Untreated  piling,  when  driven  in  salt  water  inhabited  by  ship- 
worms,  is  subject  to  severe  attack  from  that  source.  In  some  cases 
the  piling  is  completely  eaten  off  at  the  water  line.  It  is  frequently 
destroyed  in  two  months,  when  ordinarily  it  lasts  from  two  to  three 
years  along  the  Atlantic  Coast.  The  teredo  is  very  destructive  and  a 
difficult  agency  to  combat.  We  are  endeavoring  to  determine  the 
best  method  of  preventing  this  kind  of  attack.  These  shipworms  are 
found  from  New  York  City  south  down  the  Atlantic  Coast.  They 
are  most  destructive  along  the  east  coast  of  Florida,  and  the  Gulf  of 
Mexico.  On  the  Pacific  Coast  they  are  found  from  Alaska,  south. 
Creosote  is  an  efficient  preservative  to  use,  provided  it  is  used  prop- 
erly. In  order  to  discover  if  some  other  preservative  would  not  be 
just  as  good  or  better  than  creosote  we  have  been  experimenting 
with  certain  inorganic  salts.  Our  test  specimens  are  about  six  inches 
in  diameter  and  two  feet  long.  A  hole  is  bored  through  these,  after 
which  they  are  heated  and  bolted  to  a  zinc  plated  iron  ring,  about 
three  feet  in  diameter.  These  rings  are  then  lowered  into  the  salt 
water.  There  are  three  rings  on  each  chain,  arranged  from  mud  line 
to  high  tide. 

There  is  one  common  cause  for  the  failure  of  creosoted  piling, 
— namely,  improper  treatment,  due  to  insufficient  specifications  and 
hollow  material. 

A  very  efficient  means  of  prolonging  the  life  of  piling  from 
these  teredos  or  shipworms  is  by  means  of  a  cement  casing.  It  is 
made  in  two  parts  so  it  can  be  placed  around  the  pile,  and  the  two 
parts  are  then  locked  with  a  wooden  key.  The  beauty  of  this  kind 
of  treatment  is  that  you  can  put  such  casings  on  to  your  piers  in 
case  you  find  they  are  being  attacked.  They  will  absolutely  keep  out 
the  teredos.  One  objection  to  their  use  is,  if  there  is  much  debris 
floating  in  the  harbor  it  is  liable  to  be  thrown  against  the  casing 
and  crack  it.  As  soon  as  that  happens,  no  matter  how  small  the 
crack  may  be,  these  little  teredos  will  get  at  the  wood. 

The  treatment  of  wood  used  for  paving  purposes,  is  something 
which  is  perhaps  more  familiar  to  you.  In  this  citv  you  had  a  strong 
agitation  a  few  years  ago  over  what  was  called  the  "black  plague." 
Tar  would  come  to  the  top  of  the  pavement  and  stick  to  the  shoes 
of  pedestrians,  who,  in  going  into  the  stores  and  their  homes,  would 
track  this  tar  in  after  them.  Your  experience  was  like  that  of  a 
good  manv  other  cities.  We  tried  to  find  out  what  caused  this 
"bleeding,"  and,  if  possible,  to  discover  a  means  of  overcoming  it. 
After  four  months  of  work  in  the  laboratory  we  found  what  we 
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think  is  the  cause  and  a  proper  method  of  overcoming  it.  It  is  our 
poHc)'  not  to  consider  any  experiment  finished  until  it  lias  been  dem- 
onstrated on  a  commercial  scale.  In  order  to  demonstrate  the  prac- 
ticability of  our  laboratory  results  we  cooperated  with  Kansas  City. 
We  could  not  cooperate  with  Chicago  because  we  found  so  many 
varied  interests  here,  which  wanted  to  "climb  on  board"  our  test 
that  thev  "gummed  the  experiment."  We  would  have  had  about 
eighteen  different  kinds  of  treatment  if  we  ran  the  tests  in  Chicago. 
So  we  went  to  Kansas  City.  We  had  just  finished  laying  a  pave- 
ment near  the  new  terminal  there,  part  of  which  is  built  according 
to  the  standard  specifications  of  Kansas  City.  The  other  half  is 
laid  with  blocks  treated  in  exactly  the  same  plant,  with  exactly  the 
same  oil,  but  with  the  modified  treatment  worked  out  in  our  labora- 
tory. These  blocks  were  perfectly  dry  when  put  down.  Of  course, 
as  bleeding  does  not  occur  in  the  winter  we  will  not  know  whether 
our  results  are  conclusive  until  next  spring.  What  we  did  was  this : 
We  felt  that  the  chief  cause  of  bleeding  was  the  air  contained  inside 
the  blocks.  In  other  words,  in  order  to  satisfactorily  treat  paving 
blocks  it  is  necessary  to  get  the  air  out  before  you  i)ut  the  oil  into 
them.  So  we  steamed  the  blocks.  We  steamed  them  green  in  order 
to  get  out  more  of  the  moisture.  We  steamed  them  dry  in  order  to 
have  them  take  up  moisture  and  assume  a  maximum  volume.  The 
treatment  of  green  blocks  is  perhaps  better  than  the  treatment  of  dry 
blocks.  Then  after  we  steamed  them,  we  pulled  a  strong  vacuum 
in  the  retort  and  took  most  of  the  air  out  of  the  blocks.  After  the 
air  was  exhausted  we  filled  the  cylinder  with  the  preservative.  When 
the  desired  absorption  was  obtained — we  used  sixteen  poiuids,  I 
think — the  cylinder  was  drained  and  a  final  vacuum  drawn.  The 
final  vacuum  was  to  dry  and  clean  the  blocks.  When  we  use<l  mixed 
tar  and  creosote  we  steamed  the  blocks  at  the  end  of  the  treatment 
in  order  to  clean  them.  One  or  two  commercial  wood  preserving 
companies  are  using  this  method  of  treatment. 

Another  problem  connected  with  wood  blocks  is  in  regard  to 
the  uniformity  of  the  treatment.  -\  piece  of  long  leaf  pine  paving 
block  was  creosotcd  with  sixteen  pounds  of  oil  to  the  cubic  foot. 
You  will  find  that  a  good  many  paving  blocks  are  treated  in  that 
manner.  .Xnother  l)lock  was  also  treated  with  sixteen  pounds  of 
oil  to  the  cubic  foot.  1  believe  I  told  you  that  summer  wood  is  dense 
— a  good  deal  heavier  than  spring  wood.  Ordinarily  one  would 
think  that  if  the  summer  wood  is  dense  and  heavy  it  will  be  the  last 
place  for  the  oil  to  ])enetrate.  but  it  is  the  easiest  place  for  the  oil 
to  i)enetrate.  The  reason  is  that  in  the  summer  wood  there  are 
what  are  called  "resin  ducts"  and  the  oil  goes  right  through  them. 
A  l)lf)ck  having  wide  rings,  will  not  be  nearly  as  serviceable  as  one 
having  narrow  rings. 

We  have  co(")perated  with  the  .\merican  Telephone  and  Tele- 
graph Companv  in  finding  practical  ways  of  treating  poles.  We  have 
treated  in  various  ways  several  thousands  of  poles  and  have  set 
them  in  different  parts  of  the  United  States.     There  is  a  test  line 
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running  from  (Jmaha  to  Denver,  another  from  Warren  to  Bulfalo, 
and  another  from  I'oughkeepsie  to  New  York. 

One  method  is  Ijrush  treating.  The  preservative  is  simply 
painted  on  the  pole.  Our  results  thus  far  indicate  that  brush  treating 
will  increase  the  life  of  the  pole  about  three  years.  Some  of  these 
poles  were  treated  by  the  open  tank  method.  That  is,  we  set  them 
nito  an  open  tank  and  boiled  the  butts  in  oil  and  then  let  the  oil 
cool.  In  this  way  it  soaked  through  the  sap  wood  and  a  penetration 
of  one-half  or  three-quarters  of  an  inch  was  secured. 

So  far  we  have  found  no  open-tank  butt-treated  poles  decayed. 
Apparently  this  method  is  going  to  be  a  very  efficient  means  of  pro- 
longing the  life  of  poles.  Another  interesting  point  brought  out  by 
these  experiments  is,  that  a  pole  placed  in  sandy  soil  should  be 
brush  treated  in  a  different  way  from  one  placed  in  clay  soil. 

I  told  you  that  in  the  wood  preservation  laboratory  we  had  gone 
into  the  problems  of  fireproofing  wood.  As  you  know,  a  number  of 
cities  have  already  passed  ordinances  prohibiting  the  use  of  the 
wooden  shingle.  Some  cities  have  prohibited  the  use  of  wooden 
trim  of  a  certain  description.  This  agitation  has  gradually  spread 
until  the  markets  for  wood  are  rapidly  becoming  narrower.  In 
other  words,  the  demand  is  rapidly  falling  ofi.  We  undertook  to 
find  out  whether  or  not  it  was  possible  to  impregnate  wood  with 
certain  chemicals  in  order  to  make  it  sufficiently  fire  resistant  to 
meet  the  requirements  of  the  building  laws  and  the  Underwriters. 
We  tested  a  great  many  paints  applied  to  shingles  but  thus  far  have 
not  succeeded  in  getting  very  good  results  from  the  paints,  although 
they  do  make  the  shingles  quite  fire  resistant.  The  theory  upon 
which  we  have  been  working  is  to  impregnate  the  wood  with  certain 
fire  resisting  compounds.  For  shingles,  it  must  be  a  compound  which 
is  insoluble  in  water.  The  best  treatment  we  have  thus  far  dis- 
covered is  one  in  which  zinc  chloride  is  forced  into  the  wood,  fol- 
lowed by  a  second  injection  of  borax.  These  chemicals  form  zinc- 
borate,  which  is  insoluble.  We  have  soaked  and  burned  these 
shingles  and  find  the  compound  is  really  permanent.  Figure  6  shows 
a  piece  of  Western  red  cedar  shingle  which  was  tested  in  our  in- 
flammability apparatus.  The  flame  was  directed  at  it  for  twelve 
minutes.  Note  all  that  is  left  of  the  shingle.  Here  is  the  same 
shingle  impregnated  with  the  zinc-borate  treatment.  It  did  not  burn 
at  all,  but  simply  charred.  We  have  taken  out  a  patent  on  this 
process.  In  the  meantime,  we  are  working  to  still  further  develop 
this  treatment.  What  we  are  doing  for  shingles  we  are  doing  for 
wooden  trim  and  other  products  where  fire  is  considered  a  hazard. 

DERIVED  PRODUCTS  SECTION. 

In  the  section  of  Derived  Products,  chemistry  is  used  as  the 
chief  means  of  solving  the  utilization  of  wood  waste. 

I  want  to  tell  you  something  about  our  wood  distillation  labora- 
tory, because  we  have  just  finished  a  piece  of  research  in  it  which, 
to  my  mind,  is  one  of  the  ])est  tliat  tlie  laboratory  has  turned  out. 
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in  his  tests  on  the  destructive  distillation  of  wood,  Mr.  R.  C.  Pahner 
found  that  if  the  temperatures  were  kept  low,  that  is,  if  we  applied 
the  heat  at  a  slow  rate  until  the  exothermic  reaction  began,  a  larger 
yield  of  alcohol  and  a  larger  yield  of  acetate  of  lime  was  secured 
than  if  the  distillation  were  made  in  the  usual  manner.  We  then  co- 
operated with  a  chemical  company  in  Michigan  to  verify  these  results 
on  a  large  scale,  and  Mr.  Palmer  spent  two  weeks  watching  how 
this  company  built  the  fires  and  how  they  "pulled"  the  retorts. 
The  second  week  he  had  them  use  a  like  quantity  of  wood  for  fuel 


Fig.  6. — 'I'rcatecl  and  Uiitroatcd  Sliinglo  Hiirned. 


at  low  temperatures  and  bring  the  temperature  up  gradually  to  the 
exothermic  reaction.  The  results  were  yields  of  twenty-five  per 
cent  more  wood  alcohol  and  ten  per  cent  more  of  acetate  of  lime 
than  they  had  gotten  theretofore.  That  meant,  according  to  the 
general  manager  of  the  concern,  a  net  saving  to  his  company  alone 
of  $.^(),(XK)  per  year  in  operating  expenses. 

I  think  this  is  one  of  the  cleanest  cut  pieces  of  practical  research 
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thai  we  have  yet  turned  out,  and  1  hope  before  a  year  goes  by  we 
can  announce  similar  discoveries. 

Another  research  now  going  on  in  the  section  of  Derived 
Products  is  one  which  many  people  have  tackled  but  in  which  very 
few  have  made  progress,  and  that  is  the  production  of  grain  alcohol 
from  wood  waste.  We  have  built  an  apparatus,  mostly  made  in 
Germany,  to  carry  on  these  researches.  Our  results  to  date  have 
enabled  us  to  turn  out  22j/l  gallons  of  190  proof  grain  alcohol  to 
the  ton  of  sawdust. 

The  basic  principles  of  this  process  have  been  known  for  almost 
a  century.  It  consists  simply  in  treating  wood  with  acid  and  steam. 
Such  treatment  breaks  up  the  cellulose  and  forms  sugars,  some  of 
which  are  fermentable.  These  sugars  are  washed  from  the  sawdust, 
neutralized  with  some  agent,  and  concentrated.  Then  into  this 
syrupy  mass  yeasts  are  "planted."  We  have  been  using  beer  yeast, 
but  we  are  now  using  rum  yeast  because  we  find  it  works  better. 
The  yeast  converts  the  sugars  into  alcohol,  which  is  then  distilled  off. 

The  United  States  leads  all  the  nations  of  the  world  in  the 
production  of  turpentine  and  resin  and  practically  all  of  the  turpen- 
tine and  resin  comes  from  the  long  leaf  pine  woods  in  the  South. 
The  old  method  of  gathering  consisted  in  chopping  a  hole  or  "box" 
at  the  bottom  of  the  tree.  Then  a  workman  took  an  instrument  with 
a  big  iron  weight  on  one  end  and  a  sharp  chisel  effect  on  the  other 
and  gouged  out  a  strip  of  wood  about  one  inch  thick.  Cutting  a 
big  hole  at  the  bottom  of  a  tree,  of  course,  very  materially  weakens 
the  tree  so  that  it  is  subject  to  destruction  by  wind  blows,  which 
cause  an  enormous  waste  of  material. 

The  Forest  Service  has,  with  the  cooperation  of  Dr.  Herty, 
experimented  with  an  improved  method  of  collecting  oleoresin, 
known  as  the  "cup  system."  You  will  notice  in  Fig.  7  that  no  "box" 
is  chopped  in  the  tree,  but  a  porcelain  cup  takes  its  place.  Note 
the  flow  of  resin  into  this  cup.  This  method  of  turpentining  has 
resulted  in  increasing  the  production  of  oleoresin  twenty  per  cent, 
at  the  same  time  raising  the  grade.  We  are  still  working,  trying  to 
perfect  this  system.  Such  a  great  injury  to  the  tree  is  unnecessary. 
When  a  pine  tree  is  wounded  there  are  formed  at  this  portion  a  lot 
of  secondary  resin  ducts.  These  ducts  secrete  the  resinous  material 
in  order  to  protect  the  wound  and  keep  out  the  fungi.  If  an  inch  of 
wood  is  removed  every  time  the  tree  is  chipped  many  of  these  little 
ducts  are  also  removed  and  the  tree  has  to  consume  energy  and 
make  them  over  again.  If  only  a  quarter  of  an  inch  is  removed  an 
even  larger  flow  of  oleoresin  than  before  is  obtained.  So  what 
we  are  trying  to  perfect  is  a  "fool  proof"  tool  which  will  go  into 
the  tree  only  to  a  certain  distance,  no  matter  how  hard  it  is  hit. 

When  the  Frenchman  taps  pine  trees  he  takes  a  long  pole, 
sticks  the  toes  of  one  foot  around  the  pole,  and  those  on  the  other 
foot  in  the  bark  of  the  tree,  thus  balancing  himself.  He  climbs  up 
that  pole  and  makes  a  thin,  narrow  streak  in  the  tree  and  hangs  a 
little  cup  in  it.    It  will  be  a  very  serious  thing  if  our  yellow  pine  is 
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(lc])letcd,  because  we  are  almost  entirely  dependent  on  this  tree  for 
turpentine  and  resin.  Our  investigators  have  found,  however,  by 
experiments  in  California  and  Arizona,  that  about  seventy  per  cent 
as  much  oleoresin  can  be  obtained  from  the  Western  pines  as  from 
the  Southern  pines  in  Florida. 


I'ULP  AND  PAPER  SECTION. 


The  fifth  technical  section  is  the  Pulp  and  Paper  section.  The 
paper  industry  is  one  of  the  most  important  which  utilizes  wood. 
Our  Wausau  laboratory  is  equipped  with  a  500  horsepower  motor 


I'ig.  7. — Naval   Stores  Ciathcring  Ulcoresin. 

to  grind  various  kinds  of  woods  to  pulp  with  the  idea  of  finding 
out  just  what  were  the  most  efficient  methods  of  grinding.  W'c  have 
completed  that  work  now  as  the  result  of  three  years  of  research. 
We  know  delinitely  just  what  happens  when  you  vary  one  of  the 
variables  of  grinding.  We  know  definitely  what  are  the  best  condi- 
tions of  grinding.  In  fact,  we  did  such  a  good  job  that  when  the 
Canadian  Government  decided  to  build  a  Forest  Products  laboratory 
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of  its  own,  this  was  the  only  hne  of  research  they  left  out,  because 
they  said  there  was  nothing  more  important  to  investigate.  These 
researches  are  coming  out  in  the  form  of  a  Government  bulletin. 
They  should  be  published  about  the  first  of  the  year  and  they  ought 
to  be  of  immense  value  to  manufacturers  of  wood  pulp,  because 
many  of  them  are  throwing  too  much  horsepower  into  their  pulp 
and  in  other  ways  operating  extravagantly. 

We  also  undertook  to  find  out  whether  it  was  possible  to  make 
a  satisfactory  sheet  of  newspaper  from  woods  other  than  spruce — 
spruce  now  being  a  scarce  timber  in  the  Eastern  United  States  and 
becoming  scarcer  all  the  time.  They  pay  $11.00  to  $12.00  a  cord 
for  it  even  now  in  Wisconsin.  The  newsprint  industry  has  been 
largely  driven  into  Canada.  We  found  ten  woods  which  grow  in 
this  country  admirably  adapted  for  the  manufacture  of  newsprinting 
paper,  and  in  accordance  with  our  general  policy  of  testing,  we  ran 
the  pulps  from  these  over  the  little  paper  machine  in  Madison  and 
then  cooperated  with  a  commercial  paper  company  and  made  several 
tons  of  pulp  on  a  large  scale.  These  pulps  were  manufactured  into, 
newsprint  paper.  The  rolls  of  paper  so  made  were  then  shipped  to 
the  St.  Louis  Republic  and  to  the  New  York  Herald  and  several 
hundred  editions  of  those  papers  were  printed  on  them.  So,  as  a 
result  of  these  tests,  I  think  we  need  not  fear  for  the  extinction  of 
spruce,  because  we  have  other  trees  to  use  which  apparently  yield 
paper  as  good  as  spruce. 

In  the  paper  industry,  a  sulphite  digester  is  used  in  making  pulp. 
This  is  the  sulphite  process. 

In  addition  to  these  researches,  we  are  working  on  the  problem 
of  making  wrapping  paper  from  Southern  pines.  This  country  now 
imports  large  quantities  of  this  paper,  from  Norway  and  Sweden, 
or  did  before  the  war  started.  Our  researches  lead  us  to  believe 
that  we  can  make  from  our  own  timber  sheets  of  pulp  which  are 
equally  as  good  as  the  pulp  which  we  obtained  from  abroad.  It  is 
our  hope  that  these  researches  will  help  to  build  up  in  the  South 
a  firmly  established  pulp  and  paper  industry.  In  fact,  the  ultimate 
obiect  of  all  our  work  is  to  build  up  in  our  own  country,  industries 
which  will  make  us  absolutely  independent  of  all  foreign  countries, 
so  the  United  States  will  become  a  truly  self-supporting  nation. 
Furthermore,  it  should  not  only  become  a  self-supporting  nation,  but 
a  large  exporting  nation. 

DISCUSSION. 

B.  E.  Grant,  m.  w.  s.  e.  (chairman)  :  Last  August  I  was  in 
Madison  and  had  the  opportunity  of  going  through  this  laboratory 
and  Mr.  Weiss  has  told  you  of  a  few  of  the  interesting  things  that 
I  saw  there.  I  was  greatly  impressed  by  the  extent  and  diversity 
of  the  work  done  in  the  laboratory,  also  with  my  ignorance 
of  the  important  work  that  they  were  doing  there  so  near  Chicago. 
There  are  a  number  present  tonight,  I  think,  who  have  been  through 
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the  laboratory  and  have  some  ideas  about  it.     There  are  some  who 
come  in  contact  with  the  work  of  the  laboratory. 

The  paper  of  the  evening  is  now  open  for  discussion.  First,  I  will 
call  on  Mr.  North,  who,  I  think,  is  acquainted  with  the  work  of 
the  laboratory. 

A.  T.  North,  assoc.  m.  am  soc.  c.  e.  :  During  the  past  two  years 
I  have  had  occasion  to  visit  the  Forest  Products  Laboratory  possibly 
ten  times.  It  is  with  pleasant  anticipation  that  I  always  go  there 
and  leave  regretting  the  shortness  of  my  visit.  It  is  a  place  of  great 
interest  to  anyone  whose  work  has  any  relation  to  the  use  of  wood 
in  any  form  and  it  should  be  of  great  interest  to  any  person  interested 
in  scientific  research.  The  director,  Mr.  Weiss,  and  the  large  corps 
of  scientists  and  engineers  there  employed,  are  always  ready  to 
give  information  that  may  be  desired  and  to  lend  assistance  in  solv- 
ing any  problems  germane  to  their  work. 

I  think  it  a  practical  and  feasible  scheme  for  this  laboratory  to 
take  up  the  question  of  the  working  unit  stresses  of  our  native 
structural  woods.  Mr.  Weiss  states  that  in  our  municipal  building 
regulations  there  is  sometimes  a  variation  of  one-hundred  per  cent 
in  the  allowable  working  stresses  for  the  same  specie  of  wood. 
This  is  undoubtedly  true  and  at  once  impresses  us  with  the  fact 
that  there  must  be  an  enormous  waste  of  material  where  the  work- 
ing stresses  demanded  are  too  low.  In  my  work  I  have  had  to  do 
with  the  preparation  of  some  building  regulations  for  a  few  cities 
and  know  that  a  statement  from  the  Forest  Service  always  carries 
great  weight  with  those  who  formulate  the  laws. 

I  would  impress  on  you  the  necessity  of  basing  the  working 
stress  for  any  wood  on  a  definite  grade  of  material  or  having  vari- 
ous working  stresses  corresponding  with  various  grades  of  the 
same  material.  As  wood  is  a  natural  product  it  lacks  uniformity  and 
is  defective  to  some  degree  and  for  this  reason  grades  are  required. 
Man-made  material,  like  steel,  is  also  made  in  grades,  as  soft,  medium 
and  hard,  as  desired  for  difl'erent  uses.  Various  associations  of 
lumber  producers  have  established  grades  for  their  products  but 
unfortunately  they  have  graded  for  defects  rftid  not  for  strength 
only.  Grading  for  defects  is  justifiable  in  finishing  lumber  where 
the  appearance  is  the  desideratum,  althoueh  personally  I  have  alwavs 
thought  that  "strictlv  clear"  finish  voided  many  knots  with  the 
accompanying  l)eautiful  grain  effects.  It  is  granted  that  grading  for 
defects  does,  in  a  way.  determine  the  strength  of  a  timber,  but  only 
in  so  far  as  the  defects  are  concerned,  and  it  is  also  true  that  grading 
for  strength  quality  is  the  primary  basis  for  all  grading  of  structural 
timbers.  This  question  with  reference  to  vellow  pine  was  discussed 
before  this  Society  on  May  Hth  of  this  year. 

It  is  yet  a  matter  of  doubt  if  the  producers  of  timber  can  ever 
secure  the  uniform  adoption  of  a  scientific  grading  rule,  and  it  is 
needless  to  here  explain  mv  reasons  for  this  opinion.  It  is  there- 
fore to  be  hoped  that  the  Forest  Service  will  at  an  early  date  cover 
these  two  important  points  and  work  for  their  adoption  bv  all  of 
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our  municipalities.  Engineers  and  architects  generally  should  lend 
all  assistance  possible  to  attain  this  end. 

The  work  at  Madison  has  the  advantage  that  the  tests  are 
made  on  all  woods  on  a  uniform  basis  or  program.  Individual  in- 
vestigators following  their  own  ideas  present  different  results  for 
the  same  tests  on  the  same  materials,  and  then  the  task  presents 
itself  of  reducing  the  results  to  a  uniform  basis. 

The  laboratory  is  usable.  Sometime  ago  I  wished  to  secure  data 
concerning  the  heat  units  given  off  by  the  combustion  of  a  given 
volume  of  wood  and  the  amount  of  air  required  for  the  combustion 
of  a  given  volume  of  wood.  I  was  unable  to  get  these  data  in  the 
Chicago  libraries,  but  a  request  made  on  the  laboratory  brought  a 
quick  and  complete  response.  The  laboratory  could  aid  engineers 
in  the  solution  of  many  problems  and  especially  in  the  matter  of 
preserving  wood  for  structural  purposes  and  street  paving. 

I  must  confess  that  Mr.  Weiss  has  mentioned  work  in  many 
fields  that  I  had  never  heard  of  even  in  my  visits  'to  the  laboratory, 
and  I  think  his  address  impresses  us  all  with  the  magnitude  and  use- 
fulness of  this  department  of  the  Forest  Service. 

Mr.  Grant:  It  would  seem  as  though  the  work  of  this  labora- 
tory must  touch  upon  the  line  of  work  of  almost  every  engineer,  no 
matter  what  he  is  doing.  It  certainly  touches  on  our  railroads  and 
I  will  ask  Mr.  Armstrong  if  he  has  anything  to  add  to  the  discussion. 

W.  C.  Armstrong,  m.  w.  s.  e.  :  I  do  not  know  that  I  have 
anything  in  particular  to  offer.  I  would  like  to  ask  a  few  questions, 
which  perhaps  Mr.  Weiss  can  answer. 

Speaking  of  the  creosoting  process  as  used  in  piling  and  struc- 
tural timber  that  is  submerged  in  water,  I  would  like  to  ask  if  any 
experiments  have  been  made  to  determine  the  durability  under  such 
conditions  as  compared  with  the  durability  in  a  dry  location.  The 
question  is  suggested  by  the  desire  to  use  treated  piles  in  a  great 
many  cases  where  they  stand  in  water  all  the  time — fresh  water. 

Mr.  Weiss:  I  do  not  know  of  any  tests  that  are  being  made 
to  determine  the  relative  durability  in  that  condition.  We  do  know, 
however,  that  if  piling  is  kept  constantly  under  water  it  will  never 
rot. 

Mr.  Armstrong :  The  trouble  with  piling  under  such  circum- 
stances is  that  it  will  decay  at  the  water  line,  the  place  where  it 
is  submerged  part  of  the  time  and  exposed  to  the  air  part  of  the  time. 

Mr.  Weiss:  1  should  think  you  would  have  there  conditions 
which  are  quite  comparable  to  driving  a  pole  in  very  moist  soil. 
Moisture  is  favorable  to  the  growth  of  fungus  and  decompositioti 
will  be  very  rapid.  Piling  standing  in  fresh  water  where  the  air 
is  moist  around  the  pile,  particularly  if  the  location  is  shaded,  is 
bound  to  deteriorate  very  rapidly  and  we  have  always  recommended 
that  in  cases  of  that  kind  the  engineer  use  either  a  very  durable 
variety  of  wood,  which  does  not  need  a  preservative  treatment  (at 
least  where  preservative  treatment  is  not  so  essential)  or  give  that 
pile  some  kind  of  a  treatment.     If  you  cannot  aft'ord  an  expensive 

December,  1914 


958  Discussitni — fnrcst  Products  Laboratory,  Madison,  ll^is. 

pressure  treatment  with  creosote,  use  the  brush  treatnicnt.    A  brush 
treatment  would  be  quite  elfective. 

Mr.  Aruistroiuj:  That  method  of  treatment  would  probably 
not  be  of  much  service  in  the  cases  1  mentioned,  of  piling  driven 
in  water. 

Mr.  Weiss:    No,  it  would  not. 

Mr.  Armstrony :  Is  there  any  tendency  for  the  creosote  oil  to 
leach  out  in  the  water? 

Mr.  Weiss:  There  is  only  a  slight  tendency.  The  volatile 
oils  tend  to  leach  out.  The  heavier  oil  is  practically  insoluble.  We 
have  analyzed  piling  which  has  been  in  i)lace  twenty-eight  years 
and  found  the  heavy  oils  remaining  practically  unchanged. 

Albert  B.  Cone  (with  American  Lumberman)  :  i  have  for 
many  years  handled  the  bulletins  of  the  Forest  Service  and  those 
of  the  Forest  Products  Laboratory,  in  an  editorial  way,  but  it  was 
only  within  the  fest  two  weeks  that  1  had  an  opportunity  to  spend 
a  day  in  inspecting  the  laboratory  as  thoroughly  as  that  short  space 
of  time  would  permit.  1  think  one  might  visit  the  laboratory  as 
many  times  as  Mr.  North  has  done,  and  yet  not  know  a  very  great 
deal  about  what  is  being  accomplished  there.  In  fact,  I  find  that 
even  individuals  connected  with  the  laboratory  are  not  altogether 
well  informed  as  to  what  each  is  doing.  Each  specializes  in  his 
own  work  and  thinks  if  he  keeps  in  touch  with  that  he  is  doing  very 
well.  I  went  through  all  the  departments  of  the  work  except  one, 
which  Mr.  Weiss  has  not  touched  on  in  his  pictures.  The  young 
man  who  was  showing  me  about  opened  a  trap  door  and  I  looked 
down  into  a  cave  of  darkness.  He  said  that  was  the  fungus  pit. 
They  had  all  kinds  of  fungi  from  the  woods  in  there,  and  were 
feeding  the  varieties  in  order  to  get  a  line  on  their  performance. 

1  was  at  Madison  with  another  member  of  the  editorial  statt, 
particularly  with  reference  to  this  work  they  are  doing  as  regards 
mrtammability  of  wood.  This  zinc-borate  process  which  they  have 
investigated  appears  to  be  the  best  thing  which  has  yet  been  devel- 
oped. Various  commercial  products  have  been  offered  but  they 
do  not  seem  to  stand  the  test  very  well  when  one  gets  thoroughly 
into  an  investigation  of  them.  The  borate  process  has  certain  draw- 
backs in  that  the  weight  adds  to  the  shingle,  which  would  rather 
require  treatment  at  this  end  of  the  line  than  out  on  the  Pacific 
Coast  where  they  are  tempted  to  overtlry  the  shingle  in  order  to 
reduce  the  weight.  Personally  I  have  been  hoping  that  the  j^rocess 
of  rendering  wood,  shingles  in  particular,  fireproof  would  follow 
out  somewhat  the  chemical  action  which  occurs  when  mercury 
bichloride  is  put  into  the  wood,  i.  c,  combining  \\\i\\  the  albumen 
which  is  in  the  wood  to  form  an  insoluble  compountl — the  kyanizing 
])rocess,  which  is  c|uite  largely  used  abroad  but  very  little  in  this 
country.  If  some  all)uminate  should  be  found  having  a  fireproof 
quality  it  would  be.  to  my  mind,  a  solution  of  the  problem.  Whether 
there  is  such  an  albuminate  is.  of  course,  a  (|uestion.     Some  of  the 
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processes  which  are  used  in  the  waterproohng  of  paper  might  offer 
some  hints  in  that  direction. 

I  have  always  been  interested  in  this  question.  No  one  appears 
to  know  exactly  what  the  necessity  is  for  the  fireproofing  of  wood. 
We  hear  a  great  deal  about  inflammable  frame  structures  and  shingle 
roofs,  coming  from  people  who  have  the  information,  from  insur- 
ance companies  or  fire  marshals  of  cities  ;  but  from  a  very  exhaustive 
search  of  the  municipal  fire  records  of  this  country  I  cannot  find 
that  any  of  the  city  fire  authorities  have  compiled  that  information 
in  an  understandable  form.  Last  Saturday  I  finished  taking  off 
the  record  for  dwellings  in  the  city  of  Chicago  for  the  year  1913 
separated  as  between  frame  and  other  constructions,  and  while 
the  compilation  is  not  yet  complete,  I  found  that  in  frame  dwellings 
in  Chicago  the  number  of  fires  was  smaller  in  proportion  than  in  the 
number  of  brick,  stucco  and  concrete  dwellings,  in  so  far  as  it  was 
known  how  many  there  are  of  those  buildings.  That  is  something, 
also,  that  the  city  statistician  should  give  -us.  The  fire  laddies  are 
supposed  to  inspect  all  buildings  at  certain  intervals  but  they  do 
not  make  a  census  of  them.  While  the  city  of  Milwaukee  can  tell 
you  how  many  buildings  of  each  kind  there  are  at  any  given  period, 
the  city  of  Chicago  cannot.  The  City  Manual  says  there  are  about 
300,000  buildings  in  Chicago,  of  which  about  169,000  are  of  frame 
construction  and  about  131,000  are  of  brick  and  other  construction. 
When  w^e  come  to  analyze  those  figures,  w^e  will  see  that  in  other 
classes  of  construction  than  dwellings  the  frame  construction  must 
be  in  the  large  minority.  Stores,  factories  and  commercial  build- 
ings in  general  are  not  of  frame  construction.  This  will  mean  that 
as  to  dwellings  there  must  be  an  excess  of  more  than  100  per  cent 
-frame  construction  and  the  excess  in  fires  is  nothing  like  that, — 
approximately  26  per  cent.  I  found  that  the  average  fire  in  a  brick- 
dwelling  for  1913  was  about  $99.00,  as  I  remember.  In  frame 
buildings  the  average  fire  was  $114.00.  So  that  the  actual  figures 
of  inflammability  do  not  carry  out  the  great  emphasis  which  is  being 
placed  upon  the  inflammability  of  frame  construction.  And  that  is 
rather  to  be  inferred  from  the  fact  that  the  insurance  interests  and 
fire  marshals  who  are  making  this  agitation  have  never  supported 
their  arg-uments  with  any  of  these  figures  which  arc  in  their  posses- 
sion. Thev  will  tell  you  about  any  of  the  conflagrations  in  which 
frame  buildings  have  cut  a  large  figure,  entirely  disregarding  the 
destruction  of  solid  brick  and  stone  and  steel  in  Baltimore  and 
San  Francisco.  A  conflagration  can  occur.  The  question  is,  what 
does  happen  in  the  average  fire  experience  of  the  country?  That 
is  something  on  which  I  have  been  trying  to  get  some  kind  of  a  line. 
Tt  seems  to  me  if  we  get  into  those  questions  we  ought  to  make  use 
of  the  actual  information  which  we  have,  and  when  we  get  that  we 
will  know  the  source  of  the  disease  from  which  we  are  suffering 
and  be  able  to  apply  the  remedy. 

F.  E.  Davidson,  m.  w.  s.  e.  :  T  want  to  ask  the  speaker  if  the 
laboratory  has  made  any  series  of  observations  of  the  prevalence 
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of  dry  rot  in  structural  timbers?  In  other  words,  is  the  prevalence 
of  dry  rot  of  sufficient  importance  to  demand  a  serious  investigation 
as  to  the  advisability  of  treating  structural  timbers?  Again,  has 
the  laboratory  made  any  experiments  as  to  how  to  treat  timbers? 

Mr.  IVeiss:  We  have  an  investigator  in  the  field  who  is  now 
studying  the  problem  of  dry  rot.  He  has  gone  through  various 
lumber  yards  and  found  out  just  what  precautions,  if  any,  are  being 
taken  in  order  to  keep  those  yards  sanitary.  Some  of  his  photo- 
graphs indicate  that  very  few  precautions  are  being  taken.  We 
have  a  great  many  photographs  showing  piles  of  decayed  lumber 
right  up  against  piles  of  perfectly  sound  lumber,  and  one  can  actually 
see  with  the  naked  eye  the  fungus  going  into  the  sound  wood. 

This  investigator  has  taken  up  that  end  of  it  and  that  part  of 
it  has  been  completed.  He  has  just  finished  the  New  England 
territory.  He  has  gone  through  a  good  many  silk  mills,  cotton 
mills,  and  woolen  mills  and  some  of  his  photographs  surprised  me. 
In  some  of  those  mills  the  timbers  are  absolutely  white  with  fungus. 
I  had  never  before  seen  conditions  like  that  in  buildings.  In  fact, 
the  only  place  I  have  ever  seen  conditions  that  were  in  any  way 
comparable,  was  in  a  coal  mine.  So  I  believe  this  question  of  dry 
rot  is  a  serious  one,  and  I  believe  it  is  a  question  the  lumbermen 
must  meet  if  they  are  going  to  sell  their  product  in  competition  with 
those  other  materials  which  have  not  this  objection.  The  silk  and 
cotton  mills  in  New  England  are  attempting  to  get  around  the 
trouble  by  dipping  their  lumber  in  a  solution  of  mercuric  chloride 
before  they  put  it  into  the  factory. 

Mr.  Davidson:  Sometime  ago  I  visited  a  prominent  lumber 
yard  here  in  Chicago  and  was  astonished  to  find  just  the  condition 
existing  that  the  speaker  has  mentioned, — piles  of  rotten  lumber 
alongside  of  piles  of  new  stock.  I  consider  such  practice  on  the 
part  of  the  lumber  dealers  almost  criminal. 

I  want  to  ask  the  speaker  if  the  observation  made  on  the  preva- 
lence of  dry  rot  indicates  that  it  is  more  apt  to  occur  in  buildings 
where  there  is  a  relatively  high  degree  of  humidity  due  to  manu- 
facturing processes?  IMy  own  observation  is  that  I  have  never  seen 
a  case  of  dry  rot  in  a  building  where  there  is  a  very  low  degree  of 
humidity.  One  case  I  want  to  refer  to  particularly.  A  few  years 
ago  I  designed  a  heavy  mill  construction  timber  building  in  Pitts- 
burgh. The  floor  construction  was  of  the  well-known  laminated 
type,  of  3-in.  by  8-in.  Southern  pine  tlressed  one  side  antl  ed^c. 
()i\  top  of  the  rough  floor  we  laid  one  layer  of  waterproof  ])uild- 
ing  paper,  and  then  put  on  the  finished  maple  flooring.  The  office 
manager  of  the  firm,  after  he  moved  into  the  building,  was  not 
satisfied  with  the  appearance  of  his  office,  which  was  whitewashed, 
and  had  a  contract  executed  for  refinishing,  paying  for  it,  pre- 
sumably, out  of  his  office  appropriation,  as  the  contract  did  not  come 
back  to  tlic  main  office  for  O.  K.  He  had  the  ceiling  of  the  office 
covered  with  a  layer  of  waterproof  felt  and  then  covered  it  with 
a    kiln-dried    white    oak    ceiling.      About    three    months    after    the 
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building  was  occupied  I  got  a  hurry-up  call  to  go  to  Pittsburgh,  the 
report  being  that  the  building  was  coming  down.  I  found  the  floor 
construction  over  the  office  had  rotted.  We  took  down  all  the  fancy 
oak  ceiling  as  well  as  the  felt,  patched  up  the  floor,  covered  the 
rough  floor  on  the  underneath  with  burlap,  calcimined  it,  and  told 
the  office  manager  to  let  the  building  alone.  There  has  been  no 
further  trouble. 

Mr.  North:  I  have  never  found  any  dry  rot,  myself,  except 
where  the  humidity  was  high  and  constant. 

Mr.  IVeiss:  As  I  stated  a  little  while  ago.  we  have  not  com- 
pleted these  investigations,  but  as  far  as  we  have  gone  we  have 
found  the  dry  rot  is  more  prevalent  under  conditions  of  moisture 
such  as  exist  in  textile  mills,  where  the  air  is  warm  and  moist,  and 
in  basements,  cellars  and  warehouses,  where  the  air  is  stagnant. 
A  peculiar  thing  about  this  dry  rot  fungus  is  the  fact  that  it  will 
develop  in  one  portion  of  the  building,  say  in  the  basement,  and 
then  send  out  its  mycelia  or  threads  a  distance  of  fifteen,  thirty, 
forty  feet,  or  more,  over  stone  or  steel  to  reach  sound  wood.  It  has 
the  power  to  manufacture  for  itself  sufficient  moisture  to  carry  it 
over  such  spans.  The  only  way  to  stamp  out  the  trouble  is  either 
to  give  the  timber  a  preservative  treatment,  or,  in  the  case  of  a 
warehouse  or  cellar,  increase  the  ventilation  so  that  there  will  be 
sufficient  fresh  dry  air. 

Lyman  E.  Cooley,  m.  w.  s.  e.  :  I  have  been  much  interested  in 
the  researches  at  Madison,  but  I  do  not  think  that  I  can  add  anything 
that  wnll  entertain  or  enlighten.  I  was  brought  up  in  the  woods — 
not  exactly  the  backwoods — and  I  was  profoundly  impressed  with 
the  enormous  waste  in  branches  and  those  parts  of  the  trees  which 
are  left  in  the  woods  and  in  the  bark.  Beyond  certain  points  which 
have  been  brought  out,  I  do  not  know  wdiat  progress  is  being  made 
in  conserving  that  element  of  wood  growth.  It  has  been  touched 
upon — certain  features  of  it. 

I  was  brought  up  in  a  sap-bush  where  they  made  maple  sugar 
and  I  w'ould  like  to  know  what  effect  the  tapping  has  on  the  life  of 
the  maple  tree ;  also,  what  is  the  effect  of  tapping  trees  for  turpen- 
tine? I  have  seen  maple  trees  tapped  for  at  least  twenty  years  and 
still  yield  a  good  supply  of  sap  for  maple  sugar. 

I  am  more  interested,  however,  on  the  side  of  general  conserva- 
tion, as  in  the  replacing  of  the  timber  on  the  waste  lands.  Is  it 
not  feasible  to  re-forest  these  w^aste  lands  that  are  not  suited  for 
agricultural  purposes  with  trees  which  would  yield  an  annual  product 
like  maple  sugar  and  nuts  and  also  furnish  browse  to  members  of 
the  deer  and  caribou  family,  thus  increasing  our  meat  products? 
Of  course,  that  is  not  the  subject  of  this  evening.  I  only  raise  the 
question  for  the  purpose  of  calling  attention  to  another  angle  of  the 
forest  question. 

I  would  like  to  have  the  author  give  us  his  opinion  as  to  the 
eflfect  of  tapping,  on  the  longevity  of  maple  and  pine  trees. 

Mr.  IVeiss:    Well,  my  answer  would  apply  to  both  species.     If 
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you  do  not  tap  to  excess  you  will  not  seriously  injure  the  vitality 
of  the  trees.  In  tapping  a  maple  tree  for  sap  to  make  maple 
syrup,  you  are  not  going  to  weaken  the  life  of  that  tree  to  any 
appreciable  extent  if  you  do  not  make  too  many  holes  in  the  tree 
and  do  not  drain  too  frequently.  The  same  is  true  in  tapping  a 
pine  tree  for  turpentine.  The  French  tap  the  same  tree  for  thirty 
or  forty  years.  The  only  danger  in  tapping  either  a  pine  tree  or  a 
maple  tree  rests  in  permitting  decay  to  get  into  the  wound.  If,  for 
example,  one  of  the  spores  I  told  you  ai)Out,  alights  on  a  wounded 
portion  and  succeeds  in  getting  a  foothold,  it  is  liable  to  cause  rot 
in  the  tree,  whether  in  the  pine  or  the  maple.  The  rot  will  gradually 
extend  through  the  tree  and  eventually  kill  it.  That  is  the  chief 
danger.  Jf  you  can  keep  out  infection  and  do  not  tap  too  severely 
you  can  keep  up  the  tapping  process  almost  indefinitely. 

John  F.  Hayford,  m.  w.  s.  e.  :  When  Mr.  Grant  made  the 
remark  that  he  saw  at  Madison  this  Forest  Products  Laboratory 
only  a  little  way  from  Chicago  and  found  it  was  new  to  him,  that 
reminded  me  of  a  statement  which  I  read  today,  a  statement  backed 
by  a  man  who  knows.  I  am  sorry  I  was  not  quick-witted  enough 
to  bring  the  document  with  me,  but  the  statement  was  of  this  kind : 
The  aggregate  of  high-grade  research  done  during  the  past  decade 
by  (iovernment  bureaus  in  the  United  States  compares  favorably 
with  the  aggregate  of  such  research  done  in  the  same  decade  by 
all  other  institutions  in  the  United  States.  That  is  the  claim,  that 
at  least  one-half  of  all  the  research  done  in  the  last  decade  in  the 
United  States — high-grade  research — has  been  done  by  Government 
bureaus.  I  would  like  to  say  also  that  this  statement  was  not  made 
by  a  man  connected  with  any  Government  bureau.  The  man  who 
made  that  statement  is  the  head  of  the  Carnegie  Institution  for 
Research,  an  outside  organization. 

The  point  which  I  want  to  emphasize  and  bring  home  to  you. 
if  T  can.  is  that  there  has  been  a  tremendous  growth  in  the  last 
twenty  or  thirty  years  in  research  work  done  by  the  various  Govern- 
ment bureaus.  This  Forest  Products  Laboratory  of  Wisconsin  is 
one  of  those  cases.  I  think  I  am  safe  in  saying  it  is  a  bureau  of 
research,  a  bureau  grown  uj)  very  recently.  It  is  doing  a  large 
amount  of  research  in  an  astonishingly  able  and  efficient  way,  and 
yet  it  docs  not  make  noise  enough  to  bo  heard  against  the  din  of 
Chicago. 

Before  I  sit  down  1  want  to  express  my  admiration  not  only 
for  the  work  done  by  this  laboratory  but  also  for  the  remarkably 
able  way  in  which  the  work  has  been  presented  before  us  tonight. 

il/r.  Grant:  T  want  to  reverse  the  ■,<)r(ler  for  just  a  moment 
and  let  the  speaker  of  the  evening  propound  some  questions  to  the 
audience.     T  think  he  has  one  or  two  questions  to  ask. 

Mr.  Jf^ciss:     Turn  about  is  fair  play. 

1  he  ihii'f  thinir  T  have  in  mind  is  this:  T  have  been  asked  bv 
the  International  Kngineering  Congress  to  jireprire  a  paper  on  the 
prt'^ci  \:iii\c  trc.itmcnt  of  timber,  to  be  delivered  at  San  Francisco 
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next  July,  i  think.  There  will  be  but  two  papers,  une  from  the 
United  States  and  one  from  Europe.  For  tins  paper  the  instruc- 
tions laid  down  are  very  strict.  They  want  tacts,  not  theories. 
They  want  to  know  what  the  engineernig  profession  thinks  about 
the  preservative  treatment  of  timber.  1  iiave  written  to  a  number 
of  operators  with  whom  I  am  personally  acquainted  and  have  already 
secured  considerable  data  showing  the  efficiency  of  treated  timber 
in  service.  But  what  1  would  like  to  get  now  is  an  expression  of 
opinion  as  to  the  engineering  worth  of  preserving  timber.  Does  it 
pay?  Is  it  worth  while?  Can  you  refer  me  to  any  specific  cases 
where  you  have  used  treated  timber,  and  the  results  secured?  The 
paper  is  for  engineers  and  I  want  to  present  it  with  perfect  frank- 
ness. I  want  to  show  up  the  bad  points  as  well  as  the  good  ones, 
and  if  any  of  you  have  had  personal  contact  with  treated  timber 
1  would  be  very  glad,  indeed,  to  hear  of  your  experience. 

Mr.  Davidson:  1  recall  one  instance,  in  connection  with  the  use 
of  nailing-strips  underneath  wood  floors,  in  factory  constrtiction. 
The  construction  is  simply  an  earth  fill,  upon  which  the  strips  are 
laid  and  filled  in  between  the  sections  to  keep  the  rats  out.  Then 
a  waterproof  felt  is  laid,  followed  with  the  wood  floor  itself.  I 
have  found  that  the  average  Southern  pine  which  we  can  secure 
in  Chicago  will  last  about  five  years  before  it  rots  out,  and  that 
creosoting  these  nailing-strips  just  about  doubles  their  life. 

Mr.  iVciss:  Js  that  because  the  record  does  not  extend  beyond 
that  or  is  it  the  absolute  limit? 

Mr.  Davidson:  The  record  does  not  extend  beyond  that.  I 
have  also  some  experiments  under  way  where  the  nailing-strips  were 
treated  with  zinc-borate.  That  test  has  not  been  under  way  long 
enough  to  give  definite  results,  but  so  far  everything  looks  favorable. 

W .  C.  Bauer:  I  should  like  to  give  an  experience  regarding 
electric  light  poles,  which  we  usually  consider  to  have  a  life  of  ten 
to  twelve  years.  Ten  years  ago  I  put  up  a  number  of  electric  light 
poles  in  connection  with  a  plant  I  erected,  and  used  simply  the 
brush  treatment  for  a  distance  of  two  feet  above  the  ground  and 
three  feet  below  the  ground.  The  soil  was  yellow  clay  and,  in  some 
cases,  blue  clay,  with  practically  no  sand  in  it.  I  have  a  letter 
from  a  friend  of  mine  who  was  aiding  me  at  that  time,  who  states 
that  those  poles  are  practically  as  good  now  as  they  were  the  day 
they  were  placed.  He  said,  further,  that  the  brush  treatment 
certainly  prolongs  the  life  of  telegraph  and  telephone  poles. 

Mr.  Weiss:  What  kind  of  poles  did  you  use,  and  wlien  were 
they  set? 

Mr.  Bauer:  I  think  they  w^ere  Michigan  white  cedar  poles,  and 
we  used  carbolineum.    They  were  set  in  place  in  1S)05. 

Mr.  Armstrong:  I  think  Mr.  Weiss  might  get  some  valuable 
information  from  the  different  railroad  companies.  Nearly  all  of 
the  large  railroad  companies  now  have  treating  plants  of  their  own 
where  they  are  treating  ties  principally,  and  in  many  cases,  piling 
and  other  bridge  timbers.     I  am  not  in  position  to  give  any  definite 
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in  formation  without  looking  up  the  statistics,  but  the  Chicago  & 
Northwestern  Railway  Company  has  a  treating  plant  and  has 
been  treating  ties  and  timbers  for  a  number  of  years.  They  have 
not  made  any  accurate  experiments  on  increased  life  of  ties  but  are 
arranging  now  to  make  such  experiments  by  marking  ties  in  the 
track  and  noting  the  effect  from  year  to  year  for  different  kinds  of 
treatment.  There  are  a  number  of  roads,  I  think  the  Santa  Fe,  for 
instance,  which  have  used  timbers  very  largely  in  timber  trusses — 
what  they  call  ballasted  floor  timber  trusses — where  the  timber  is 
covered  with  ballast.  I  could  not  say  what  their  experience  has 
been,  but  1  am  sure  that  they  would  be  very  willing  to  furnish  Mr. 
Weiss  the  result  of  their  experience,  which  will  be  of  value  in 
preparing  the  paper  referred  to. 

Mr.  Cone:  I  would  ask  Mr.  Weiss  if  he  thinks  it  is  possible 
to  obtain  timber  so  free  from  the  spores  of  dry  rot  that  when  placed 
in  a  condition  as  favorable  to  incubation  as  those  textile  mills,  it 
will  remain  sound.  In  other  words,  does  the  previous  infection  cut 
any  figure  ? 

Mr.  Weiss:  It  is  almost  impossible  to  get  a  piece  of  timber 
that  has  not  some  evidence  of  decay  and  if  placed  in  a  favorable 
position  that  decay  is  likely  to  develop.  We  are  attempting  to  kill 
two  birds  with  one  stone  in  some  researches  that  we  started  last 
week.  You  know  that  pine  lumber  when  cut  and  piled  in  yards 
gets  sap  stained,  which  is  considered  a  defect  in  certain  grades. 
The  ordinary  method  of  overcoming  that  is  to  dip  the  lumber  in 
a  solution  of  bicarbonate  of  soda,  about  six  per  cent.  We  found  in 
our  laboratory  that  dipping  that  lumber  in  a  solution  of  sodium 
fluoride  is  more  effective  than  sodium  bicarbonate.  Furthermore, 
the  sodium  fluoride  is  toxic  to  fungus  so  that  at  the  same  time  we 
are  keeping  sap  stain  out  we  hope  to  keep  out,  also,  infection.  These 
experiments  are  under  way  now.  It  may  develop  in  being  worth 
while  commercially  to  give  these  timbers  a  dipping  in  this  kind 
of  antiseptic  in  order  to  keep  them  more  or  less  sound  at  the 
time  they  are  placed  in  buildings. 
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SOME  ASPECTS  OF  THE  WORK  OF  THE  ILLINOIS 
UTILITIES  COMMISSION 

Robert  M.  Feustel 
Presented  October  i9,  igi4 

When  your  Secretary  extended  the  courtesy  of  my  meeting 
with  your  Society  to  address  you  on  the  work  of  the  Ilhnois  Com- 
mission, a  number  of  subjects  suggested  themselves  to  my  mind. 
A  paper  deahng  with  any  of  the  varied  problems  of  an  engineer- 
ing and  economic  nature  which  present  themselves  to  the  student 
of  public  utility  matters,  would  have  required  considerable  more 
time  than  was  at  my  disposal.  Such  a  paper  would  also  more 
properly  come  after  the  Commission  had  considered  these  problems 
for  a  greater  length  of  time  and  prepared  orders  in  which  the 
same  were  involved.  It  occurred  to  me  that  a  brief  talk  on  the 
every-day  problems  which  have  confronted  the  engineers  of  a 
Utilities  Commission  would  be  of  some  interest  to  your  Society. 

Let  us  consider  first,  briefly,  the  reasons  for  the  existence  of  a 
Utilities  Commission.  On  the  part  of  many  engaged  in  the  engineer- 
ing business,  and  particularly  those  engaged  in  the  utilities  business, 
there  is  a  fairly  well-defined  impression  that  the  regulation  of  public 
utilities  is  merely  a  result  of  a  popular  and  rather  temporary  feel- 
ing that  large  corporations  of  all  kinds  are  a  menace  to  the  public 
and  should  be  hampered  as  much  as  possible  in  the  conduct  of  their 
business.  This  feeling  is  shared  very  generally  at  the  present  time 
by  those  who  are  responsible  for  the  conduct  of  practically  all  classes 
of  business,  and  many  of  the  utilities  feel  that  they  have  been  rather 
unjustly  singled  out  for  the  maximum  amount  of  such  interference 
by  the  public.  The  facts  would  be  perhaps  better  stated  if  it  were 
said  that  this  had  been  the  feeling  of  the  utility  companies  some 
two  years  ago.  The  writer  recalls  quite  distinctly,  in  his  connec- 
tion with  one  of  the  earliest  Utilities  Commissions,  some  seven  years 
ago,  the  attitude  which  was  taken  by  the  companies  when  investi- 
gations of  their  properties  were  in  progress.  Requests  for  informa- 
tion which  were  within  the  legal  right  of  tjie  regulating  body  to 
make,  were  met  on  every  hand  by  delays  on  the  part  of  the  com- 
panies. The  idea  that  the  public  should  have  any  part  or  any  interest 
in  the  manner  in  which  public  utility  businesses  were  conducted  was 
inconceivable  to  the  operators.  Every  available  legal  obstacle  which 
could  be  raised  was  put  in  the  way  of  the  investigator  of  the  regu- 
lating body.  It  is  not  at  all  unnatural  that  such  should  have  been 
the  case,  as  the  idea  was  distinctly  a  new  one,  and  it  is  a  normal 
human  tendency  to  desire  that  the  conduct  of  a  business  in  which 
one  has  invested  his  money  and  is  daily  investing  his  time  and 
interests,  should  not  be  interfered  with  by  outside  parties.  Munici- 
pal ownership  or  municipal  control  had,  in  many  cases,  played  havoc 
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vvitli  what  had  once  been  Hcnirishing  uliHty  properties,  and  the 
operators  were  fearful  that  regulation  by  a  Commission  em]JO\vere(l 
with  great  aulhorit\-  might  readily  lead  to  the  worst  form  of  pater- 
nalism. The  public,  on  its  part,  ])roceeded  rather  calndy  with  the 
idea  that  it  did  have  authority  to  deal  with  these  properties  in 
matters  of  rates  and  service,  and  the  creation  of  new  commissions 
became  an  annual  occurrence.  It  is  not  the  intention  of  the  writer 
to  enter  into  a  lengthy  discussion  as  to  the  legal  rights  of  any  com- 
munity to  regulate  public  utilities,  but  merely  to  point  out  what  the 
writer  believes  to  be  the  equity  of  the  case  in  the  stand  that  was 
taken  by  the  public.  The  utility  companies  were,  for  the  most  part, 
operating  under  franchises  granted  by  the  public  and  made  neces- 
sary because  of  the  use  of  public  thoroughfares  by  the  utilities  in 
the  conduct  of  their  business.  Certain  clauses  in  these  franchises, 
and  the  existence  of  the  franchises  themselves,  formed  the  technical 
legal  background  for  most  of  the  claims  that  the  public  did  have 
authority  to  regulate  utilities  in  the  matter  of  rates  and  service. 
It  is  believed,  however,  that  there  were  other  far  more  important 
factors  which  entered  into  the  case. 

The  service  rendered  by  the  utility  companies,  for  the  most  part, 
was  formerly  rendered  in  one  form  or  another  by  the  individual 
himself,  or  at  least  by  some  common  mterest  to  a  comparativel} 
small  group  of  individuals.  With  the  aid  of  modern  invention  it 
was  soon  recognized  that  this  service  could  be  rendered  more  eco- 
nomically and  efficiently  to  the  entire  community  by  some  larger 
organization.  In  the  beginning  several  such  organizations  came  into 
existence  in  most  every  community.  Combinations  were  made, 
however,  and  it  .soon  became  the  general  rule  that  only  one  utility 
was  rendering  service  of  one  kind  in  any  community.  It  was  recog- 
nized that  this  was  the  wise  and  economic  thing  to  do.  as  duplica- 
tion of  plant  properties,  while  it  often  effected  a  temi)orary  relief 
to  certain  consumers  during  the  time  that  a  rate  war  was  in 
progress,  in  most  cases  resulted  in  a  final  w^iping  out  of  one  of  the 
companies,  or  a  lowering  of  the  grade  of  .service  furnished  by  both 
of  them.  The  monopolistic  feature  of  utility  o])eration  at  once 
came  into  existence  as  a  desirable  working  arrangement  for  the 
consumer.  Unfortunately,  the  management  of  a  great  matiy  of  the 
utility  companies  did  not  measure  up  to  the  vote  of  confidence  which 
was  virtually  i)laced  in  them  by  the  public.  Service  complaints 
improperly  handled  and  high  rates  gave  rise  to  much  dissatisfac- 
tion, and  the  new  problem  was  met  in  various  ways,  depending  upon 
the  character  of  the  community.  The  objections,  for  the  most 
part,  it  is  believed,  were  in  the  nature  of  service  complaints  rather 
than  of  rates,  and  it  is  really  the  service  feature  which  is  now  of 
greatest  importance  to  the  consumer. 

There  were  two  ])()ssible  solutions  of  the  problem — public  regu- 
lation or  public  ownershij).  Public  ownership  involved  various 
burdens,  which  many  communities  were  unwilling  to  assume;  and 
public  regulation  was  the  next  and  most  natural  step. 
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It  is  the  writer's  belief,  therefore,  that  the  equity  of  pubhc 
regulation  of  utilities  is  about  as  follows : 

ist.     A  realization  that  the  life  of  a  community  depends  largely 

on  the  service  which  is  now  rendered  by  public  utility  corporations. 

2nd.     This  service  can,  for  the  most  part,  be  rendered  more 

economically  by  an  organization  having  a  virtual  monopoly  in  any 

one  communitv. 

Srd.  It  was  found  impractical  to  expect  that  the  highest 
efficiency  would  be  rendered  by  any  organization  having  a  monopoly 
in  a  community  without  regulation. 

4tli.  The  natural  desire  of  a  community  to  obtain  the  econo- 
mies of  private  management  under  proper  regulation  before  assum- 
ing the  burdens  of  public  ownership. 

The  law  creating  the  State  Public  Utilities  Commission  of 
Illinois,  known  as  the  "Utilities  Act,"  is  similar  to  those  in  force 
in  various  other  states  throughout  this  country.  As  drafted,  most  of 
these  laws  seem  to  attach  the  greatest  importance  to  the  matter  of 
rates,  but  all  of  them  deal  quite  generally  with  the  service  that  is 
to  be  rendered.  As  above  stated,  the  writer  believes  that  the  laws 
should  read  "Service  and  Rates,"  as  probably  three-fourths  of  the 
amount  of  work  handled  by  most  Utilities  Commissions  is  along 
the  lines  of  service  investigations. 

The  Illinois  Utilities  Act  classifies  all  common  carriers  and 
all  companies  furnishing  heat,  light,  power  or  cold,  or  engaged  in 
the  transmission  of  messages  in  any  form  as  utilities,  and  brings 
such  companies  within  the  jurisdiction  of  the  State  Public  Utilities 
Commission.  It  makes  it  mandatory  upon  the  Commission  to  estab- 
lish standards  of  service  for  the  utilities,  and  to  make  investiga- 
tion and  issue  an  order  in  all  cases  where  a  utility  desires  to  raise 
a  rate,  either  directlv  or  by  change  in  classification,  for  any  service 
being  rendered.  It  'also  makes  it  incumbent  upon  the  Commission 
to  investigate  and  render  a  decision  in  matters  of  any  rate  which 
is  believed  to  be  unreasonable,  or  any  service  which  is  considered 
unsatisfactory,  upon  formal  complaint  of  any  consumer.  I  would 
like  to  say  here  that  in  this  respect  the  Illinois  law  is  probably  more 
liberal  than  any  other  law  in  the  country.  In  fact,  as  the  law  is 
written,  in  Illinois  if  an  individual  consumer  desired  to  make  a 
formal  complaint  on  a  rate  and  to  follow  it  up,  unless  the  Commis- 
sion' could  show  pretty  thoroughly  that  there  were  grounds  for  not 
investigating  the  complaint,  this  one  consumer  would  be  in  a  posi- 
tion to  throw  the  company  and  the  Commission  into  a  full-rate 
investigation.  In  Wisconsin  it  takes  twenty-five  consumers.  In 
most  states  it  takes  a  certain  number  of  consumers.  In  short,  the 
Commission  has  regulative  powers  in  practically  all  matters  regard- 
ing service  and  rates.  Of  course,  the  usual  recourse  is  afiforded 
either  the  consumer  or  the  utility  to  appeal  to  the  courts,  in  case  a 
finding  of  the  Commission  is  considered  at  variance  with  the  merits 

of  a  case.  ,     ■        ,  j         j 

Special  provisions  in  the  .\ct  itself,  and  regulations  later  adopted 

December,  1914 


968  I'eustel — Work  of  the  Illinois  Utilities  Commission 

by  the  Commission,  make  it  necessary  for  the  utihties  to  prepare 
certain  regular  operating  and  financial  reports,  to  be  placed  on  file 
in  the  offices  of  the  Commission  for  use  during  special  investigations. 
That  is,  the  regular  financial  reports  are  asked  for  so  that  compara- 
tive statistics  may  be  had  at  such  time  as  a  rate  investigation  must 
be  made.  Certain  petitions  must  be  filed,  such  as  permits  to  con- 
struct wire  crossings  over  railroads,  railroad  crossings  over  high- 
ways, transmission  lines  or  railroads  into  new  territory ;  and  orders 
must  be  issued,  granting  or  denying  such  petitions.  All  of  the 
latter  regulations  are  for  the  purpose  of  effecting  a  uniformity  of 
practice  and  to  aid  in  adequate  supervision  as  regards  human  safety 
and  satisfactory  service,  as  contemplated  by  the  Act. 

In  order  to  carry  out  these  many  duties  it  became  necessary 
for  the  Commission  to  create  various  departments,  and  employ  com- 
petent men  to  make  investigations  and  collect  data  on  which  to  base 
their  decisions.  The  Legal,  the  Statistical  and  Accounting  and  the 
Engineering  Departments  have  thus  far  been  created  by  the  Illinois 
Commission. 

The  problems  which  are  assigned  to  the  Engineering  Depart- 
ment may  be  first  classified  into  two  main  groups — formal  and 
informal.  Informal  cases  are  those  in  which  no  hearings  are  held, 
but  the  investigator  gathers  the  facts,  and,  as  an  impartial  arbitrator, 
attempts  to  make  an  adjustment  of  a  case,  cither  by  correspondence 
or  by  a  conference  between  the  interested  parties.  Probably  sixty 
per  cent  of  the  work  carried  on  by  the  Commission  is  in  response 
to  informal  complaints.  To  my  mind  the  ideal  condition  would 
e.xist  if  ninety  per  cent  of  the  work  of  the  Commission  were  handled 
informally.  In  this  way  the  Commission  could  act  in  the  nature 
of  a  central  clearing  house  between  the  utility  and  the  consumer. 
But  the  utility  may  say,  "What  is  the  need  of  having  these  informal 
comjilaints  ])rought  to  the  attention  of  the  Commission,  as  complaint 
(Icj)artmcnts  are  maintained  by  the  companies?"  It  is  true  most 
utilities  have  such  departments,  but  the  measure  of  their  real  service 
to  the  consumer  is  the  amount  of  unrest  to  be  found  in  most  com- 
munities regarding  utility  service.  In  certain  communities  there 
appears  to  be  an  almost  perfect  confidence  between  the  consumer  and 
the  utility,  and  from  such  places  the  complaints  are  almost  negli- 
gible. In  other  districts  the  differences  which  arise  are  almost 
continuous.  It  is  impossible  to  state  the  exact  cau.se  of  such  condi- 
tion, as  there  are  special  contributory  factors  in  each  case.  The 
character  of  a  community  and  the  extent  to  which  utility  problems 
arc  made  political  issues,  have  considerable  bearing.  However,  the 
character  of  service  being  rendered,  in  the  full  meaning  of  the  term 
"service,"  which  includes  regularity,  uniformity,  iiromptness  and 
courtesy  in  all  departments,  is  usually  the  deciding  element  as  to 
whether  or  not  a  utility  is  in  good  favor  with  its  patrons.  The 
results  of  the  informal  complaints  do  not,  as  a  rule,  appear  in  the 
published  reports  of  the  Commission,  but  they  are  in   the  same 
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way  the  measure  of  much  of  the  real  service  that  is  being  rendered 
by  a  Commission. 

The  formal  cases  are  those  in  which  hearings  are  held  and 
evidence  is  presented  by  either  one  or  both  sides  to  a  controversy. 
In  certain  cases  such  hearings  and  more  complete  investigations  are, 
of  course,  necessary.  Especially  is  this  true  in  making  a  determina- 
tion of  what  should  be  a  reasonable  rate  for  any  service  rendered. 
The  utility  quite  often  is  not  fully  aware  of  what  the  actual  cost 
of  the  service  is,  in  a  particular  case,  and  data  must  be  collected 
and  proper  apportionments  made. 

In  a  formal  rate  case,  the  utility  is  notified  by  the  Commission 
that  an  inventory  and  appraisal  of  the  property  used  in  serving  the 
public  must  be  filed  with  the  Commission  within  a  specified  reason- 
able date.  This  is  rather  a  departure  in  the  case  of  the  Illinois 
Commission  from  the  usual  practice.  In  Illinois  we  were  con- 
fronted by  the  fact  that  we  had  probably  the  greatest  value  in  the 
matter  of  railroads  and  the  second  largest  value  in  the  matter  of 
utility  properties  of  any  state  in  the  Union.  The  Commission  had 
a  limited  appropriation  and  certain  valuation  data  were  necessary 
for  all  rate  cases.  We  cast  about  for  some  method  to  keep  down 
the  expense  and  still  secure  the  necessary  data  for  each  rate  case, 
and  it  was  this  dilemma  which  caused  the  Commission  to  ask  that 
valuations  be  prepared  by  the  companies.  The  Illinois  Commission 
has  taken  the  position  that,  in  all  rate  cases,  these  appraisals  shall 
be  requested  from  the  utilities.  A  bulletin  is  being  prepared  at  this 
time,  setting  forth  the  classification  of  inventory  which  will  be  re- 
quired in  the  filing  of  valuations  for  the  various  kinds  of  utility 
properties.  This  bulletin  will  also  ask  for  the  detail  of  unit  prices 
and  will  specify  what  factors  shall  be  included  in  unit  prices,  over- 
head, etc.  I  do  not  mean  by  this  that  it  will  specify  anything  as  to 
how  much  shall  be  included  for  any  particular  items,  but  we  will 
want  the  companies  to  list  out  what  they  include ;  for  instance, 
whether  they  are  including  contractor's  profit  in  their  unit  cost  and 
things  of  that  nature.  In  this  way  it  will  be  possible  to  have  a 
uniform  practice,  and  much  of  the  time  which  is  now  consumed  at 
hearings  in  adjusting  dififerences  due  to  a  difiference  in  classifica- 
tion in  the  valuations  prepared  by  several  witnesses,  will  be  saved. 
In  testimony  before  courts  and  commissions  on  the  item  of  overhead 
charges,  expert  witnesses  have  in  recent  years  come  into  considerable 
dispute  because  of  the  wide  range  of  evidence  offered  by  reputable 
engineers  on  the  same  case.  Much  of  the  apparent  difiference  of 
opinion  has  been  due  to  the  variation  in  inclusion  of  items  which  go 
to  make  up  this  charge.  Engineers  should  be  able  to  agree  almost 
exactly  on  quantities,  and  unit  prices  are  also  subject  to  rather 
definite  analysis.  If  it  is  possible,  therefore,  to  have  a  more  uniform 
practice  in  preparing  and  presenting  valuations,  much  of  the  cum- 
bersome and  expensive  cross-examination  which  is  now  a  part  of 
most  rate  cases,  can  be  avoided. 

After  the  company  has  filed  the  appraisal  the  same  is  checked 
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by  the  engineers  of  the  Commission,  Ijolh  as  to  quantities  and  as 
to  unit  prices.  If  the  community  employs  experts  to  make  a  sepa- 
rate appraisal,  it  is  the  purpose  of  the  Commission  to  request  that 
such  valuation  also  be  presented  in  the  form  prescribed  by  the 
Commission.  The  valuation  which  will  finally  be  presented  to  the 
Commission  by  its  Engineering  Department  is  made  up  after  a 
careful  investigation  of  the  physical  property  and  an  examination 
of  all  appraisals  submitted.  The  Commission  then  affords  both  the 
city  and  the  company  opportunity  to  cross-examine  and  enter  testi- 
mony in  regard  to  any  differences  which  may  appear  in  the  final  fair 
value  as  found  by  the  Commission's  engineers. 

The  Engineering  Department,  which  has  been  organized  to 
make  the  needed  investigations,  is  as  follows : 

Chief  Engineer. 

Assistant  Chief  Engineer. 

Consulting  Engineer — Railroad   Department. 

Gas  Engineer. 

Electrical  Engineer. 

Telephone  Engineer. 

Mechanical  Engineer. 

Chief  of  Service  Department. 

Assistant  Engineers. 

Safety  Appliance  Inspectors. 

Clerks  and  Stenographers. 

Jn  deciding  to  ask  the  utilities  to  present  the  valuations,  the 
Commission  has  made  possible  an  organization  which,  the  writer 
believes,  will  work  an  advantage  both  to  the  public  and  to  the 
companies. 

It  costs  usually  only  about  ten  to  fifteen  per  cent  as  much  to 
check  a  well-made  appraisal  as  it  does  to  make  the  original  valuation. 
In  most  cases  the  company  would  desire  to  make  its  own  valuation, 
even  though  the  Commission  made  an  indejiendent  appraisal.  It 
would  mean  two  sets  of  investigators  going  through  the  same  detail 
and  interfering  with  the  operators  more  or  less  as  must  be  the  case. 
The  checking  of  the  ap])raisal  can  be  done  with  accuracy  without 
much  of  this  trouble  and  expense.  Inasmuch  as  it  is  now  unneces- 
sary for  the  Commission  to  retain  the  very  large  staff"  which  would 
be  necessary  in  a  state  of  this  size,  if  independent  valuations  were 
made  in  every  case,  it  is  now  able  to  employ  competent  experienced 
men  as  heads  of  departments  to  direct  the  checking  and  to  work 
out  the  main  ])roblems.  For  instance,  some  of  the  commissions  have 
employed  what  might  be  called  the  understudy  method,  in  which 
they  would  have  a  head  of  the  department  and  would  have  assist- 
ants in  that  department  who  would  practically  confine  their  efforts 
to  the  one  department.  There  is  a  great  deal  of  merit  in  that  kind 
of  system  and  it  is  ]irobal)ly  more  necessary  where  the  commission 
is  going  to  make  the  original  valuations.  The  assistant  engineers 
who  are  not  i)ermanently  assigned  to  any  particular  department,  are 
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used  where  needed,  under  the  direction  of  the  chief  of  the  depart- 
ment. In  this  way  the  staff  can  be  employed  at  what  might  be 
called  the  most  desirable  load  factor  and,  we  believe,  at  a  saving 
to  the  State. 

As  stated  above,  the  Utilities  Act  makes  it  mandatory  with  the 
Commission  to  fix  standards  of  service  for  utility  companies.  Up 
to  the  present  time  standards  have  been  adopted  for  only  the  gas 
and  electric  utilities.  The  engineering  staff  made  a  study  of  all  the 
rules  and  regulations,  fixing  such  standards  which  had  been  adopted 
by  the  different  cities  and  commissions  throughout  this  country. 
The  regulations,  as  suggested  by  the  United  States  Bureau  of 
Standards,  were  also  considered.  A  careful  study  was  made  of 
Illinois  conditions  and  a  tentative  set  of  rules  were  drafted,  copies 
of  which  w^ere  sent  to  the  utilities.  A  general  hearing  was  held 
at  Springfield  in  July,  to  wdiich  all  the  utilities  were  invited,  to  dis- 
cuss the  suggested  rules.  Notice  of  the  meeting  was  also  sent  to  a 
number  of  the  large  cities  in  the  state,  in  order  that  the  city  authori- 
ties interested  might  be  present  and  enter  the  discussion.  Each  rule 
was  read  and  discussed  thoroughly,  and  a  record  of  the  discussion 
was  made  by  a  court  reporter.  At  the  close  of  the  meeting  an  addi- 
tional two  weeks  were  given  all  interested  parties  in  which  to  file 
any  further  comments  or  suggestions.  Much  profitable  informa- 
tion was  obtained,  particularly  regarding  special  conditions  existing 
in  Illinois.  The  rules  were  then  carefully  reconsidered  and  all  the 
suggestions  which  seemed  fair  and  reasonable  were  incorporated 
in  a  final  draft,  which  was  passed  by  the  Commission  the  latter  part 
of  September,  to  become  eft'ective  November  1st,  1914. 

The  rules  adopted  cover  \\\  the  main  the  same  points  which 
are  considered  by  other  commissions,  but  special  provisions  are 
made  to  meet  the  Illinois  conditions.  In  no  other  state  in  the  Union 
is  found  such  varied  practice  by  gas  and  electric  companies.  We 
have  at  once  the  largest  water  power  development  in  this  country 
furnishing  electric  energy  in  Illinois,  the  largest  individual  gas 
company  in  the  world,  in  the  matter  of  output  and  value  of  physical 
property,  the  greatest  development  in  this  country  hi  high  pressure 
transmission  of  gas,  the  greatest  development  in  this  country  in  the 
tying  in  of  many  small  communities  by  electric  transmission  lines 
being  served  from  central  power  stations,  and  at  the  other  end  of 
the  scale  individual  coal  or  water  gas  plants  in  cities  of  less  than 
five  thousand,  and  lighting  plants  with  less  than  one  hundred  and 
fifty  consumers.  With  such  a  wide  range  of  conditions  it  is  appar- 
ent that  any  rule  fixing  standards  for  gas  and  electric  service  should 
be  made  rather  flexible  in  character.  Ample  provision  is  made  giv- 
ing any  community  or  utility  the  right  to  ask  for  a  revision  of  any 
of  the  rules  to  meet  special  local  conditions,  and  it  would,  of  course, 
be  unusual  if  some  such  requests  were  not  made  in  the  near  future. 
Rules  establishing  standards  for  steam  heating,  water  and  telephone 
service,  are  now  being  prepared,  and  the  same  course  will  be  adopted 
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in  their  preparation  as  was  used  in  the  case  of  the  gas  and  electric 
standards. 

The  best  standards  possible  would  be  of  little  use,  however,  if 
there  were  no  method  of  following  up  such  rules  to  see  if  the 
utilities  conformed  in  their  practice  to  the  same.  For  this  work  the 
Service  Department  of  the  engineering  staff  was  organized,  which 
at  present  consists  of  a  chief  and  four  inspectors.  The  State  is 
divided  into  districts,  and  all  service  complaints  are  sent  to  the  man 
in  charge  of  the  particular  district  in  which  the  complaint  origi- 
nates. 1  might  state  that  the  headquarters  for  the  four  districts  at 
the  present  time  are  Chicago,  Peoria,  Springfield,  and  East  St.  Louis. 
This  is  just  a  start  on  our  service  work.  There  is  no  doubt  in  my 
mind,  with  the  great  number  of  utilities  we  have  in  Illinois,  that  it 
will  take  eight  to  ten  inspectors  to  cover  a  district  adequately  for  the 
routine  inspections  which  are  really  necessary.  If  an  adjustment  can 
be  made  on  the  ground,  it  is  so  done,  and  results  reported  to  the 
Springfield  headquarters.  If  no  settlement  can  be  made,  the  facts 
are  reported  to  the  Chief  of  the  department,  and  further  attention 
is  given,  either  by  correspondence  or  by  a  visit  on  the  part  of  the 
head  of  the  Service  Department.  If  no  final  adjustment  is  effected, 
the  case  is  set  for  formal  hearing  in  the  usual  way. 

In  addition  to  handling  the  informal  complaints,  the  district 
inspectors  make  routine  inspections  of  the  service  being  furnished 
by  the  plants  in  their  districts.  These  inspections  are  made  without 
the  knowledge  of  the  utility  that  tests  are  in  progress.  The  reports 
are  sent  to  the  main  office  and  the  utility  is  notified  in  what  way  the 
service  is  unsatisfactory,  and  later  a  follow-up  test  is  made. 

In  the  case  of  the  small  privately-owned  plants  the  inspector  is 
often  able  to  give  valuable  suggestions  for  improvement  in  service 
and  the  results  of  the  best  practice  in  any  of  the  districts  is  made 
available  to  any  plant  operator  through  the  regular  conferences  of 
the  inspectors. 

A  personal  call  on  a  consumer  who  has  a  complaint  and  a  joint 
call  on  the  utility  operator  usually  results  in  a  settlement  of  the 
complaint.  The  consumer  comes  with  the  inspector,  who  is  not 
an  advocate,  but  a  disinterested  arbitrator.  In  most  cases  it  results 
in  an  explanation  of  the  reason  why  certain  rules  and  regulations 
are  necessary,  and  a  better  understanding  is  had  between  both 
parties.  And  this  is  the  real  business  of  a  Utilities  Comiuission, — 
promoting  a  better  understanding  between  the  utility  and  the  con- 
sumer. 

I  feel  that  it  is  impossible  to  refer  too  strongly  to  the  importance 
of  the  service  feature  of  our  work.  Sometime  ago  in  making  a  street 
railway  service  study  of  the  Winnipeg  street  railway  lines,  the 
writer  had  occasion  to  study  the  service  being  rendered  by  most 
of  the  larger  electric  railway  systems  in  this  country.  Investigation 
was  made  of  the  public  sentiment  as  regards  various  company 
practices.  Thefc  was  one  property  which  seemed  to  stand  out  liead 
and  shoulders  above  all  the  rest  in  the  matter  of  being  in  public 
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favor.  This  system,  which  furnished  railway  service  to  a  popula- 
tion of  about  half  a  million,  was  on  a  straight  five-cent  cash  fare 
basis.  Within  three  hundred  miles  was  a  system  in  a  community 
not  more  than  half  the  size,  where  tickets  were  sold  six  for  a  quar- 
ter at  all  times,  and  eight  for  a  quarter  during  limited  hours  and 
on  Sundays.  There  had  been  no  agitation  for  reduced  fares  on 
the  first  system,  however,  because  the  company  was  one  which 
realized  the  true  meaning  of  the  term  "service,"  and  the  patron  felt 
that  he  was  getting  the  real  value  of  his  money.  The  rate,  therefore, 
is  not  the  real  objective  at  all  times  to  the  consumer,  as  is  often 
supposed,  but  he  will  demand  that  the  service  rendered  be  com- 
mensurate with  the  rate. 

An  investigation  of  the  cost  of  furnishing  any  particular  class 
of  service  usually  demands  the  greatest  amount  of  detail  work. 
Such  cases  are  subject  to  more  or  less  definite  analysis.  But  even 
when  the  answer  is  obtained  upon  a  theoretically  correct  cost  basis, 
it  is  not  always  the  one  which  can  be  used.  In  a  water  case,  for 
instance,  it  can  usually  be  proven  that  the  actual  cost  of  the  service 
rendered  to  the  small  consumers  who  live  on  the  outskirts  of  a  city 
is  greater  than  the  charge  which  can  be  made  for  the  service.  It 
is  of  vital  interest  to  the  community,  however,  that,  for  sanitary 
reasons,  as  many,  as  possible  of  the  residents  use  water  service. 
Those  who  are  better  able  to  pay,  usually  live  closer  to  the  center 
of  distribution,  where  land  is  more  valuable,  and  where  the  theo- 
retical cost  of  water  service  may  be  less.  They  can  often  better 
afford  to  pay  the  extra  cost  of  water  service  rather  than  submit  them- 
selves to  the  danger  and  eventually  pay  the  price  in  the  form  of 
increased  taxes  to  prevent  the  spread  of  contagious  diseases,  which 
may  result  from  unsanitary  conditions.  This  is  really  not  a  far- 
fetched illustration,  and  there  are  a  great  many  more  aspects 
of  the  problems  which  daily  inject  themselves  into  the  work  when 
human  safety  and  general  welfare  are  considered. 

Regulation  is,  therefore,  not  a  cut-and-dried  form  of  computing 
exact  costs  of  service  and  exact  rules  for  operation.  It  is  an  attempt 
on  the  part  of  the  people  to  better  the  general  conditions  under  which 
they  are  living.  It  is  one  step  in  the  great  movement  of  solving  the 
economic  and  social  problems  in  a  community.  The  public  very 
generally  realizes  that  certain  practices  which  now  seem  obnoxious 
are  the  result  of  what  appeared  to  be  a  perfectly  normal  develop- 
ment at  the  time.  It  further  realizes  that  all  such  practices  cannot 
be  corrected  at  once  without  a  serious  wrench  to  institutions  on 
which  the  community's  welfare  depends.  But  it  is  very  generally 
to  the  future  that  it  looks  in  order  that  the  conditions  may  be  grad- 
ually improved. 

I  believe  this,  then,  is  the  work  which  the  public  desires  that  a 
regulating  body  should  do :  Investigate  carefully  the  real  relation 
between  the  public  and  the  utility  companies,  bring  about  a  better 
understanding  as  to  the  coordinate  interests  which  exist,  look  first 
to  the  human  safety,  and  then  see  that  the  best  service  commen- 
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surate  with  the  rate  being  charged  is  rendered  and  with  equal  inter- 
ests to  be  sure  that  the  operators  are  paid  fairly  for  the  money  and 
efforts  invested  in  the  business. 

DISCUSSION. 

W.  D.  Gcrher,  m.  w.  s.  e.  (Chairman)  :  We  have  certainly  been 
given  an  insight  into  the  feelings  of  the  Utilities  Commission  of  this 
State  as  regards  public  utilities. 

I  would  like  to  ask  a  question.  In  naming  over  the  list  of 
utilities  which  were  included  in  the  law,  that  of  waterworks  seems 
to  have  been  omitted.  Was  that  omission  on  your  part  or  in  the 
law? 

Mr.  Fenstel:    It  was  overlooked  on  my  part. 

Mr.  Gerber:  It  is  being  considered  as  one  of  the  important 
utilities  of  the  State. 

The  meeting  is  now  open  for  general  discussion.  Perhaps 
Professor  Pence  will  favor  us  with  some  remarks. 

W.  D.  Pence,  Assoc,  w.  s.  e.  :  1  had  not  expected  to  take  part 
in  the  discussion,  but  I  have  been  much  interested  in  hearing  this 
admirable  presentation  of  the  progress  made  in  Illinois  in  the  regu- 
lation of  public  utilities.  It  is  probable  that  there  will  be  found 
more  or  less  distinct  dift'crences  in  the  local  conditions  in  the  differ- 
ent states  which  may  require  some  diff'erence  in  the  method  of 
regulation.  In  a  general  way,  however,  the  problems  met  in  neigh- 
boring states  will  not  be  materially  different,  one  from  the  other. 
There  is  one  point  of  diff'erence  that  I  noted  between  the  Illinois 
law  and  the  public  utilities  laws  of  Wisconsin  and  of  Indiana,  and 
that  is  in  reference  to  the  control  of  the  publicly-owned  utilities. 
In  Illinois  I  believe  the  regulation  of  municipally-owned  utilities  is 
not  included  under  the  law.  I  believe  in  only  the  two  states  men- 
tioned,— Wisconsin  and  Indiana. — is  the  law  made  to  include  the 
regulation  of  the  publicly-owned  utilities.  It  has  seemed  to  me 
that  this  is  a  desirable  thing  for  the  sake  of  securing  a  direct  com- 
parison between  the  cjuality  of  service  and  the  various  other  things 
that  enter  into  a  comparison  of  that  kind  when  it  is  desired  to  have 
the  entire  subject  put  upon  its  merits.  The  progress  that  has  been 
made  in  these  two  states,  at  least  in  one  of  them  where  I 
chance  to  be  somewhat  familiar  with  the  conditions,  has  been  in 
the  direction  of  making  progress  toward  the  final  solution  of  this 
problem  of  public-service  regulation  by  ])lacing  the  ]niblicly-ownc(l 
utility  on  a  common  basis  with  the  privately-owned  utility. 

Another  subject  which  might  be  mentioned,  which,  1  think,  was 
not  dwelt  upon  particularly  in  the  jviper,  was  the  matter  of  the 
indeterminate  i)crmi(.  As  1  understand  it.  that  is  not  inchuled  in  the 
Illinois  law. 

Mr.  Pcmtel:  T  would  like  to  say  something  about  tiie  two 
points  that  Profcs.sor  Pence  has  raised.  (This  is  a  purely  personal 
opinion  and  in  no  way  official.)     T  personally  believe  that  the  indc- 
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terminate  permit  should  be  included  as  a  part  of  every  state  utili- 
ties law,  certainly  one  which  is  as  broad  as  the  Illinois  law  in  the 
matter  of  the  control  of  the  privately-owned  plants.  I  mean  that 
a  law  which  gives  a  regulating  body  full  control  in  matters  of  rates 
and  service  over  privately-owned  utilities,  should  protect  these 
properties,  when  they  are  giving  good  service  at  a  fair  rate,  from 
competition  and  from  franchise  troubles  with  the  city.  That,  as  1 
said,  is  purely  a  personal  opinion  and  my  work  in  Wisconsin  helped 
strengthen  this  opinion.  Our  experience  with  the  municipally-owned 
plants  in  Wsiconsin,  particularly  in  respect  to  service,  certainly 
would  lead  us  to  believe  that  the  municipally-owned  plants  far  more 
than  the  privately-owned  plants  were  in  need  of  service  regulation. 

Douglas  A.  Graham,  m.  w.  s.  e.  :  The  subject  covered  by  Mr. 
Feustel's  paper  is  one  of  particular  interest  to  many  men  in  this 
Society.  The  Illinois  Commission  is  just  beginning  its  work  and 
every  time  a  new  commission  is  organized  we  all  watch  its  develop- 
ments with  interest  and  with  the  hope  that  it  will  shed  further 
light  on  some  of  the  many  questions  of  equity  and  logic  that  are 
still  the  sources  of  dispute  in  valuation  cases. 

One  of  these  questions  with  which  we  are  all  familiar  is  the 
matter  of  paving  over  street  mains,  and  another  is  the  estimation 
of  "Going  \'alue,"  and  connected  with  this  latter  are  several  other 
overhead  and  so-called  intangible  values.  It  will  be  a  matter  of 
great  interest,  therefore,  to  see  along  what  lines  the  new  Illinois 
Commission  will  develop  its  policy  and  what  attitude  it  will  take 
on  many  of  these  disputed  points. 

There  is  one  thing  in  Mr.  Feustel's  paper  which,  I  think, 
deserves  especial  mention  and  I  was  glad  to  see  that  he  did  place 
considerable  stress  on  it.  I  refer  to  the  Commission's  eiiforts  to 
bring  the  utilities  and  the  consumer  together  when  difficulties  arise. 
I  think  it  has  been  the  experience  of  most  utility  men  that  a  large 
number  of  complaints  that  are  made  and  difficulties  which  arise 
between  the  utility  and  the  consumer  are  due  to  misunderstandings 
and  lack  of  information  on  the  part  of  the  consumers,  and  to  fail- 
ure to  understand  the  viewpoint  of  the  consumer  on  the  part  of 
the  utility  companies.  I  do  not  think  too  much  stress  can  be  placed 
on  the  advisability  of  bringing  the  two  parties  together  rather 
than  going  to  all  the  trouble  and  expense  of  a  formal  hearing. 

Mr.  Feustel  spoke  of  a  new  bulletin  that  the  Commission  is 
getting  out,  prescribing  the  rules  under  which  inventories  and  valu- 
ations should  be  made.  How  soon  will  those  rules  be  available 
to  the  public? 

Mr.  Feustel:  That  bulletin  will  probably  not  be  available 
before  ninety  days.  It  will  be  in  print  in  about  sixty  days.  We 
have,  however,  blue-print  copies  of  the  tentative  classification  of 
the  inventory  which  we  have  adopted,  but  no  instructions.  We  have 
been  issuing,  rather,  letter  instructions  in  each  case.  Those  blue- 
print copies,  which  represent  nearly  the  final  form  as  far  as  classi- 
fication of  inventories  is  concerned,  are  available  at  the  present  time. 
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Mr.  Graham:  Then  in  any  hearing  that  may  now  be  pending 
before  the  Commission,  can  such  instructions  be  obtained  from  the 
Commission? 

Mr.  Feustel:    Yes,  they  can. 

Mr.  Graham:  The  Ohio  Utilities  Commission  has  ordered  all 
of  the  utilities  throughout  the  State  to  present  valuations  at  once. 
Is  it  the  intention  of  the  Illinois  Commission  to  make  this  general 
order  or  just  to  order  inventories  when  it  is  necessary? 

Mr.  Feustel:  Decidedly  not.  The  Illinois  Commission  does  not 
think  that  blanket  orders  for  valuations  from  all  the  companies 
would  result  in  anything  but  great  expense  to  the  companies,  great 
trouble  in  filing  the  valuations  on  the  part  of  the  Commission,  and 
practically  a  renewal  of  all  the  work  any  time  a  rate  case  might 
come  up  after  two  or  three  years.  I  do  not  know  whether  you  meant 
in  your  suggestion  as  to  paving  over  mains  and  going  value  and 
overhead  charges,  to  put  that  in  the  form  of  a  question.  I  hardly 
think  you  could  be  making  such  a  suggestion.  Of  course,  it  would 
be  impossible  for  me  to  state  what  position  the  Commission  is  going 
to  take.  A  good  many  of  those  problems  are  now  being  considered 
in  rate  cases  that  are  before  the  Commission. 

I  might  say  that  the  general  tendency  of  most  commissions  and 
most  courts  has  seemed  to  be  that  no  value  for  paving  over  mains 
or  conduits  shall  be  allowed  for  rate-making  purposes  unless  such 
paving  is  actually  disturbed  in  the  laying  of  such  conduits  or  mains. 
That  has,  in  general,  been  the  main  practice  of  the  Wisconsin  Com- 
mission. In  the  Appleton  Waterworks  case  they  were  instructed 
somewhat  vaguely  by  the  Wisconsin  Supreme  Court  that  some  con- 
sideration must  be  given  paving  over  mains,  but  the  court  left  the 
matter  open  upon  that  point  and  did  not  say  how  much  or  whether 
the  total  value  should  be  allowed.  Certainly  my  own  personal  view 
would  be  that  I  can  hardly  see  the  equity  of  allowing  the  total  value 
for  paving  over  mains  for  rate-making  purposes.  Of  course,  under 
the  cost-of-reproduction  plan,  if  we  were  following  the  strict  theory 
we  must  include  the  total  cost  of  paving  over  mains,  but  I  believe 
the  cost-of-reproduction  theory  has  only  been  adopted  in  rate- 
making  cases  in  the  absence  of  data  to  show  what  the  fair  invest- 
ment has  been.  The  cost-of-reproduction  theory,  like  any  other 
theory,  can  be  carried  to  a  point  of  absurdity,  and  I  believe  allow- 
ance for  all  paving  over  mains,  whether  disturbed  or  not,  is  an 
absurdity. 

Mr.  Graham:  It  was  not  my  intention  to  bring  out  a  dis- 
cussion on  those  points,  because  I  imagine  that  the  Commission  has 
not  yet  formulated  its  policy  on  such  matters.  My  thought  was  that 
the  tendency  of  new  commissions  seems  to  have  been  to  follow 
the  rulings  of  the  other  commissions  in  the  points  mentioned ;  and, 
inasmuch  as  "Going  Value"  and  "Paving"  have  been  subjects  of 
a  great  deal  of  controversy  between  men  of  reputation  and  well- 
known  ability,  it  is  my  hope  that  the  Illinois  Commission  will  try 
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to  discard  precedent  as  much  as  possible  and  to  formulate  its  policy 
along  the  lines  of  a  broad  interpretation  of  the  issues,  as  determmed 
by  the  logic  and  equity  in  the  case,  rather  than  founding  its  opnuon 
purely  on  precedent.  I  realize  that  any  detailed  discussion  on  such 
a  subject  would  last  much  longer  than  this  Society  would  care  to 
hear  from  either  of  us  tonight. 

Mr.  Feustel :  I  would  like  to  say,  not  as  the  engineer  of  the 
Illinois  Commission  but  really  as  an  outsider,  as  far  as  Illinois 
is  concerned,  I  entered  the  work  with  some  trepidation  because 
I  had  known  what  had  happened  to  some  of  the  other  Commis- 
sions as  far  as  general  policy  was  concerned,  and  I  want  to 
seriously  voice  my  appreciation  of  the  thoroughly  fair  and  equi- 
table way  in  which  the  Commissioners  have  been  approachmg 
the  problems  which  have  been  put  up  to  them.  They  have 
thrown  aside  technicalities  in  their  cases  and,  as  you  have  said, 
not  merely  followed  precedents  but  their  decisions  have  been 
based  upon  the  merits  of  the  individual  cases.  I  certainly  feel 
that  they  have  been  doing  this  thing  to  an  extent  that  will  make 
them  a  power  for  good  in  the  State  of  Illinois. 

Mr.  Gerber:  Mr.  Finley,  can  you  add  anything  to  the  dis- 
cussion from  the  railroad  standpoint? 

W.  H.  Finley,  m.  w.  s.  e.  :  I  was  very  much  interested  in 
what  Mr.  Feuste'l  said  regarding  the  Commission  and  its  work. 
I  look  at  the  State  Utilities  Commission  rather  in  a  broad  way. 
I  believe  the  intention  was  to  accomplish  something  good,  but  I 
think  it  is  impossible  to  do  it  all  at  once.  It  is  going  to  be  a 
process  of  evolution  and  growth.  I  think  that  public  utility 
bodies  and  corporations  should  join  with  them  and  lend  their 
best  efforts  to  the  working  out  of  these  various  problems,  and, 
I  believe,  if  they  do  it  will  result  in  lasting  good  not  only  to  the 
community  but  to  the  corporations  and  public-utility  bodies. 
Of  course,  we  have  a  number  of  states  in  this  Union  and  if  the 
rules  and  orders  of  the  different  commissions  are  not  coordi- 
nated it  is  going  to  result  in  more  or  less  confusion.  Take  the 
case  of  a  railroad,  for  instance,  that  runs  through  several  states. 
Different  states  are  passing  different  laws  regarding  diiferent 
clearances.  It  will  require  some  very  good  engineering  to  meet 
the  wishes  of  all  the  different  states  in  the  matter  of  clearances. 
I  think  that  such  problems  are  going  to  be  rather  difficult  ones 
for  any  commission  to  solve  to  the  satisfaction  of  all  parties 

concerned. 

But  speaking  from  my  own  personal  experience  with  our 
State  commission,  I  find  that  the  personnel  of  these  commissions 
is  broad  and  liberal  minded,  and  I  have  no  doubt  that  we  will 
reach  a  satisfactory  conclusion  in  the  end.  ,  ,       • 

Mr.  Feustel:  I  would  like  to  correct  one  possible  false  im- 
pression I  may  have  left  in  a  remark  I  made  in  the  first  part  of 
the  paper.  I  spoke  of  the  obstacles  which  had  been  put  in  the 
way  of  the  investigating  body  in  the  past.     I  certainly  want  to 
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voice  not  only  my  own  sentiment  but  the  sentiment  of  the  entire 
Commission,  that  the  utility  companies  (under  the  Illinois  law, 
railroads  and  all  the  other  utilities  are  included)  have  certainly 
met  the  Commission  far  more  than  half  way.  They  have  re- 
sponded to  all  the  requests,  and  particularly  with  a  new  com- 
mission those  requests  must  be  numerous  for  statistics  and  data 
of  all  kinds,  and  we  have  had  no  difficulty  whatever  in  receiving 
the  heartiest  cooperation  from  all  the  companies. 

Peter  Jnnkersfeld,  m.  w.  s.  e.  :  I  do  not  know  that  I  can  add 
very  much  to  the  discussion  this  e\ening.  but  I  wish  to  express 
my  appreciation  of  the  way  in  which  Mr.  Feustel  has  described 
to  us  the  work  of  the  Commission  and  particularly  the  rather 
broad  statement  he  made  as  to  the  real  function  of  the  Com- 
mission, namely,  to  make  for  better  understanding  between  utili- 
ties and  consumers.  His  remark  that  sixty  per  cent  of  the  work 
of  the  Commission,  or  at  least  of  the  engineering  department, 
was  in  the  way  of  informal  adjustment,  I  think  augurs  very  well.- 
Anyone  who  has  had  experience  in  public-utility  work  knows 
that  there  are  a  great  many  little  misunderstandings  that  arise 
solely  from  lack  of  information,  and  if  the  Commission  would 
do  nothing  more  it  would  justify  its  existence  many,  many  times 
over. 

Some  of  the  leading  people  of  the  country  in  many  of  our 
utilities  have  for  a  good  many  years  recognized  that  regulation 
by  competent  bodies  is  a  very  desirable  thing,  desirable  for  the 
stockholders  of  the  various  utilities  as  well  as  for  the  public, — 
and  what  we  have  heard  this  evening  from  Mr.  Feustel  as  to  the 
work  that  has  been  so  well  l)cgun  in  this  State  I  think  fully  bears 
out  that  opinion. 
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DEVELOPMENT  ON  THE   MISSISSIPPI  RIVER 

NEAR  MINNEAPOLIS,  MINNESOTA 

J.  W.  Link,  M.  Am.  Soc.  C.  E.* 
Presented  November  i6,  1914. 

In  the  sixty  miles  of  the  Mississippi  River  between  St.  Anthony 
Falls  in  Minneapolis  and  the  dam  at  St.  Cloud,  Minnesota,  there 
is  a  total  fall  of  about  165  ft.  or  an  average  fall  per  mile  of  2.75  ft. 
As  the  banks  of  the  stream  are  comparatively  high  and  steep,  and  as 
this  reach  of  the  river  is  so  near  the  cities  of  Minneapolis  .and 
St.  Paul,  the  site  has  attracted  for  a  number  of  years  considerable 
attention  as  being  favorable  for  hydro-electric  developments.  With 
the  exception,  however,  of  securing  various  possible  sites  for  de- 
velopment, practically  nothing  had  been  accomplished  toward  the 
construction  of  such  plants  prior  to  December,  1912. 

In  1909  the  Great  Northern  Development  Company  of  Duluth, 
Minnesota,  started  to  secure  the  necessary  lands  and  rights  for 
the  development  of  a  hydro-electric  plant  at  Coon  Rapids,  which 
is  located  about  six  miles  above  the  city  limits  of  Minneapolis. 
After  making  necessary  surveys,  securing  certain  lands,  and  mak- 
ing a  mmlber  of  borings  at  the  assumed  dam  site,  this  company 
secured  the  passage  of  a  bill  by  the  United  States  Congress  under 
the  general  dam  act  of  June  23,  1910,  authorizing  the  construction 
of  the  dam,  and  this  bill  was  approved  January  12,  1911.  The  bill 
as  passed  required  the  work  to  be  done  under  the  approval  of  the 
U.  S.  War  Department,  and  also  required  that  the  work  be  begun 
before  January  12,  1912,  and  completed  by  January  12,  1914. 

A  preliminary  set  of  plans  was  drawn  up  and  subrnitted  to  the 
War  Department,  and  received  the  approval  of  the  Chief  of  Engi- 
neers September  20,  1911.  After  receiving  the  approval  of  the 
War  Department  practically  no  work  was  done,  with  the  exception 
of  building  a  small  section  of  an  earth  embankment  at  the  north 
end  of  the  dam  to  comply  with  the  requirement  of  the  bill  that  work 
must  be  started  before  Jamiary  12,  1912. 

Early  in  1910  the  Great  Northern  Development  Company 
offered  this  property  to  H.  M.  Byllesby  &  Company,  and  the  latter 
company,  after  making  careful  investigation  of  the  situation,  turned 
the  proposition  down  as  being  commercially  impracticable,  w^hen 
considered  as  an  isolated  plant,  on  account  of  the  great  variation  in 
stream  flow  and  the  consequent  necessity  of  having  to  maintain  a 
steam  reserve  of  nearly  as  large  capacity  as  the  water-power  plant. 

In  the  fall  of  1912,  after  H.  M.  Byllesby  &  Company  had  se- 
cured the  management  and  operation  of  the  Minneapolis  General 

*Hydraulic  Engineer  with  H.  M.  Byllesby  &  Co. 
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Electric  Company,  the  Great  Northern  Development  Company 
again  offered  this  property  to  H.  M.  Byllesby  &  Company;  and  the 
latter  company,  after  considering  the  proposition  on  the  basis  of  one 
unit  in  the  Minneapolis  system,  decided  that  the  project  was  com- 
mercially feasible  and  proceeded  to  acquire  the  property  and  to 
develop  it. 

The  plans  of  the  Great  Northern  Development  Company  as 
approved  by  the  War  Department  contemplated  a  hollow  or  cellular 
dam.  But  after  a  careful  canvass  of  the  situation  and  study  of  the 
ice  and  logging  conditions  obtaining  on  the  river,  it  was  decided 
that  a  solid  gravity  section  dam  would  be  a  safer  structure  and 
could  be  built  as  cheaply  as  the  other.  In  accordance  with  this  view 
of  the  case  a  modified  set  of  preliminary  drawings  was  made  and 
submitted  to  the  War  Department.  These  modified  plans  were 
approved  by  the  Chief  of  Engineers  December  19,  1912. 

As  the  permit  for  building  the  dam  required  that  it  should  be 
completed  by  January  12,  1914,  the  time  remaining  in  which  to 
design  and  construct  the  work  was  less  than  thirteen  months  from 
the  time  the  modified  plans  were  approved  by  the  War  Department. 
It  was,  therefore,  necessary  to  get  all  the  speed  possible,  and  to  this 
end  a  survey  party  was  immediately  put  in  the  field  to  check  up 
the  flowage  and  land  lines,  and  make  additional  borings,  test 
pits,  etc. 

A  construction  superintendent  was  appointed  as  promptly  as 
circumstances  permitted  and  he  arrived  on  the  ground  December 
17,  1912.  As  there  were  no  houses  near  the  site  of  the  work,  the 
superintendent's  first  efforts  were  necessarily  directed  to  providing 
a  shelter  for  himself  and  a  small  number  of  carpenters  before  work 
could  be  started  on  the  camp  for  the  construction  force. 

Hydrology. 

Precipitation  observations  have  been  made  at  St.  Paul  since 
1859.  These  data  show  that  the  average  annual  precipitation  from 
1859-1911  was  28.6  in.  and  that  the  minimum  annual  precipitation 
previous  to  1910  was  14.9  in.  In  1910  the  precipitation  dropped 
to  10.2  in.,  with  the  result  that  the  discharge  of  the  Mississippi 
River  at  Minneapolis  for  the  twelve  months  from  June  1,  1910,  to 
June  1,  1911,  was  the  lowest  of  which  there  is  any  record. 

Since  the  spring  of  1912  there  has  been  a  gradual  increase  in 
the  discharge  of  the  Mississippi  River  at  Minneapolis  and  at  tlic 
same  time  there  appears  to  be  a  marked  change  in  the  form  of  the 
hydrographs ;  the  discharge  appears  to  be  more  uniform  and  the 
flood  peaks  to  be  reduced  in  number  and  in  intensity.  This  change 
in  the  stream  flow,  if  real  rather  than  apparent,  is  probably  due, 
in  large  measure  at  least,  to  the  storage  reservoirs  maintained  by 
the  U.  S.  Government  on  the  upper  watershed.  There  are  five  of 
these  reservoirs,  with  a  combined  capacity  of  90  billion  cubic  feet, 
or  approximately  3,000  second  feet  for  365  days. 
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The  impounded  water  is  to  be  used  largely,  if  not  entirely,  for 
improving  navigation  below  St.  Paul,  and  it  follows  that  the  opera- 
tion of  these  reservoirs  must  have  a  marked  influence  in  reducing 
the  spring  floods  and  increasing  the  stream  flow  in  the  dryer 
seasons.  On  the  other  hand,  as  these  reservoirs  were  natural  lakes, 
the  holding  of  the  im}X)unded  water  during  the  winter  months  may 
diminish  to  some  extent  the  winter  flow  of  the  river. 

At  Coon  Rapids  the  developed  head  will  vary  from  20  ft.  at 
extreme  low  water  to  about  11  ft.  at^times  of  maximum  floods,  but 
as  the  larger  floods  are  of  short  duration,  the  extreme  low  head 
will  obtain  for  only  short  intervals  of  time  in  the  years  of  highest 
river  discharge,  and  not  at  all  in  years  when  the  river  is  normal  or 
below  normal.  As  a  result  of  this  condition,  the  average  head  will 
probably  be  17.5  ft.  or  more.  The  water  surface  in  the  reservoir 
is  held  practically  at  a  constant  elevation  in  order  to  get  the  maxi- 
mum head  possible  at  low  water  and  to  avoid  damaging  other 
properties  at  high  water,  and  this  constant  reservoir  level  accounts 
for  the  great  reduction  of  head  during  floods. 

The  U.  S.  Government  and  the  St.  Anthony  Falls  Water  Power 
Company  have  kept  records  for  a  number  of  years,  of  the  discharge 
of  the  Mississippi  River  at  St.  Paul  and  Minneapolis  respectively. 
From  a  study  of  these  hydrographs  it  was  seen  that  a  flood  of 
60,000  second  feet  might  occur,  and  that  floods  of  at  least  15,000 
second  feet  could  be  expected  any  time  in  the  year,  except  possibly 
in  the  months  of  December,  January,  and  February.  It  was  also 
seen  that  the  minimum  quantity  of  water  to  be  taken  care  of  during 
construction  might  probably  be  as  much  as  4,000  second  feet, 
although  the  minimum  flow  of  the  stream  at  this  point  sometimes 
drops  as  low  as  1,500  second  feet,  but  only  for  a  day  or  two  at  a 
time. 

On  account  of  the  liability  of  floods  at  any  stage  of  the  work 
it  was  necessary  to  design  all  cofferdams  with  this  in  view  and  to 
so  plan  the  work  that  the  least  damage  would  result  in  case  of  the 
over-topping  of  the  cofferdams.  In  order  to  be  prepared  for  floods, 
arrangements  were  made  with  a  party  at  Little  Falls,  80  miles  above 
the  Coon  Rapids  site,  to  notify  the  construction  superintendent  by 
telephone  as  soon  as  any  considerable  rise  in  the  river  was  noticed 
at  that  point.  This  information  gave  24  hours  warning  of  approach- 
ing floods  and  furnished  sufficient  time  for  getting  the  work  in 
shape  to  prevent  damage  when  the  floods  arrived. 

The  maximum  discharge  of  the  river  during  the  progress  of 
the  work  was  approximately  12,000  second  feet,  and  at  this  time 
the  cofferdam  was  over-topped  at  a  point  where  it  had  purposely 
been  left  low,  but  the  flooding  was  quickly  stopped  by  the  use  of 
sacks  of  sand,  so  that  no  damage  resulted. 

Borings. 
The  investigation  for  foundations  made  by  the  Great  Northern 
Development  Company  consisted  of  a  line  of  wash  borings  running 
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across  the  river  at  about  the  location  proposed  for  the  dam.  These 
borings  were  made  at  intervals  of  about  100  ft.,  and  in  addition 
to  this  a  considerable  number  of  scattered  borings  up  and  down 
the  stream  from  the  main  line  were  also  made.  These  borings 
developed  the  fact  that  the  formation  was  glacial  drift  of  such  a 
depth  that  it  was  impracticable  to  carry  the  foundation  down  to 
bed-rock. 

The  samples  obtained  from  these  wash  borings  did  not  give 
much  indication  of  the  charjicter  of  the  materials  as  they  lay  in 
place  beneath  the  bed  of  the  stream,  and  owing  to  the  character  of 
some  of  the  materials  encountered  it  was  deemed  necessary  to  make 
further  investigations  along  these  lines.  Consequently  an  additional 
set  of  borings,  consisting  of  three  parallel  lines  140  ft.  apart  with 
the  borings  spaced  100  ft.  in  the  lines,  were  made  to  determine  the 
location  of  the  dam.  Instead  of  making  wash  borings  the  samples 
were  obtained  by  simply  driving  a  standard  weight  1^4  in-  wrought 
iron  pipe  to  a  penetration  of  2  ft.  to  3  ft.,  and  then  withdrawing 
the  pipe  and  taking  the  samples.  These  borings  were  made  with 
regular  well-drilling  derricks  and  engines.  The  pipe  was  arranged 
near  the  upper  end  with  a  collar  to  receive  the  blows  from  the 
hammer.  The  hammer  consisted  of  a  cast  iron  weight  with  a  hole 
through  the  center  so  as  to  slide  on  the  pipe,  the  rope  lifting  the 
hammer  being  carried  over  a  sheave  at  the  top  of  the  derrick  and 
down  to  a  nigger-head  on  the  engine.  The  operator  by  alternately 
tightening  and  slacking  the  rope  obtained  any  intensity  of  blow 
desired. 

The  samples  secured  in  this  way  more  nearly  represented  the 
character  and  consistency  of  the  materials  encountered,  but  still 
left  much  to  be  desired.  However,  the  results  obtained  from  these 
borings  were  used  in  determining  the  design  of  the  foundations, 
cut-ofTs,  etc.  The  test  pits  dug  on  the  river  bank  gave  little  indica- 
tion of  the  consistency  of  the  same  materials  under  the  bed  of  the 
stream,  but  the  digging  of  test  pits  in  the  river  was  impracticable, 
owing  to  the  difficulty  of  keeping  out  the  water  and  also  to  the 
lack  of  time. 

Gkneral  Description  of  tiii-:  Pl.vnt. 

At  tiic  site  selected  for  the  dam,  the  river  is  divided  by  an 
island  of  considerable  size.  (Fig.  1.)  As  the  channel  on  the  north 
side  of  the  island  was  the  narrower  and  deeper  channel,  and  on 
account  of  the  transportation  facilities,  camp  location,  etc.,  it  was 
decided  to  build  the  ])owcr  house  across  the  north  channel  and  keep 
the  spillway  entirely  in  the  south  channel.  This  arrangement  results 
in  keeping  the  flood  waters  out  of  the  tailrace  except  for  the  back- 
water from  the  foot  of  the  island. 

The  permit  for  ])uil<ling  the  dam  required  that  space  should  be 
appropriated  and  arrangements  so  made  that  a  navigation  lock 
couM   be  built  at  any  time  that  the  War   Doiiartment  might  con- 
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Fig.  1.— General  Plan  of  Coon  Rapids  Plant. 
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sider  it  necessary  for  the  interests  of  navigation.  The  permit  also 
required  the  installation  of  a  fish-way. 

The  space  selected  for  the  lock  is  at  the  extreme  south  end  of 
the  dam,  where  a  heavy  abutment  and  wing  wall  was  built  at  the 
end  of  the  spillway  and  located  at  about  the  extreme  low  water 
line  of  the  river.  From  this  abutment  to  the  high  bank,  a  distance 
of  about  80  ft.,  an  earth  embankment  with  a  concrete  core  wall  was 
built;  the  core  wall  having  joints  so  that  a  section  of  it  can  be 
readily  removed  without  disturbing  the  balance  of  the  structure. 
From  this  south  abutment  the  spillway  of  the  dam,  which  is  of  the 
regular  O.  G.  section  (Fig.  2),  runs  for  a  distance  of  1,005  ft.; 
and  is  surmounted  by  piers  dividing  it  into  28  openings  each  of  33 
ft.  net  length.  These  openings  are  controlled  by  Tainter  gates, 
which  are  operated  from  the  bridge  carried  on  the  tops  of  the  piers. 
From  the  north  abutment  of  the  spillway  at  the  south  side  of  the 
island  to  the  north  side  of  the  island  is  a  retaining  section  of  dam 
178  ft.  long,  and  in  this  part  of  the  structure  there  is  an  angle  in 
the  alignment. 

Adjacent  to  the  north  end  of  the  retaining  section  and  occupy- 
ing a  width  of  62.5  ft.  there  are,  in  the  order  named,  four  sluice 
gates,  a  log  sluice  and  a  fish-way,  the  fish-way  being  adjacent  to 
the  south  end  of  the  power  house.  The  power  house,  255  ft.  long, 
occupies  the  remaining  space  to  the  north  bank  of  the  river,  where 
a  heavy  retaining  wall  protects  the  shore ;  and  from  this  point,  a 
distance  of  490  ft.,  there  is  an  earth  embankment  with  concrete 
core  wall.  The  total  length  of  the  dam,  power  house,  and  embank- 
ments is  2,070  ft. 

In  determining  the  layout  of  the  power  plant,  horizontal  units 
were  considered,  but  owing  to  the  low  head  and  the  requirement  for 
a  unit  of  large  capacity,  this  arrangement  was  impracticable,  and  it 
was  finally  decided  to  install  a  vertical  single  runner  unit  with  the 
umbrella  type  generator.  The  weight  of  the  rotating  parts  is  car- 
ried by  a  roller  bearing  supported  on  the  top  of  the  generator. 

The  foundation  of  the  power  house  is  constructed  for  seven 
units,  five  of  which  comprise  the  initial  installation.  The  wheels, 
which  are  12  ft.  8  in.  diameter  on  the  discharge  ring,  are  set  in 
scroll  cases,  the  scroll  cases  and  draft  tubes  being  built  of  concrete 
without  lining.  The  cast  iron  pit  rings  were  grouted  in  after  the 
scroll  cases  were  completed  and  the  form  removed.  (Figs.  3  and  4.) 
The  scroll  case  inlet  is  divided  by  a  central  pier  into  two  openings 
18  ft.  deep  by  14  ft.  6  in.  wide,  and  is  controlled  by  Stoney  gates. 
Stop-log  grooves  are  provided  upstream   from  the  gate  grooves. 

The  trash  racks  are  continuous  for  the  whole  length  of  the 
forebay,  are  inclined  at  about  70°  to  the  horizontal,  and  have  a 
vertical  wetted  depth  of  25  ft. 

The  superstructure  is  a  steel  frame  with  brick  walls  and  a 
gravel  roof. 
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A  35-ton  electric  traveling  crane  serves  the  power  house  and  a 
half  gantry  serves  the  forebay  for  handling  the  Stoney  gates. 

Construction  Camp  and  Plant. 

Starting  near  the  north  end  of  the  dam  and  extending  some 
distance  vipstream  is  a  bench  or  terrace  from  15  to  20  ft.  high.  This 
bench,  being  sandy  and  covered  by  a  grove  of  oaks,  furnished  an 
excellent  location  for  the  construction  camp,  which  \vas  planned 
for  the  accommodation  of  at  least  800  men.  The  camp  was  laid  out 
with  streets  and  was  provided  with  water  works,  sewerage,  and 
electric  lights.  A  number  of  cottages  were  built  for  the  use  of 
foremen  and  mechanics  who  had  their  families  with  them,  but  the 
other  workmen  were  taken  care  of  in  bunk  houses. 

The  buildings  were  all  light  frame  structures  covered  with 
ship  lap  and  heavy  roofing  paper,  and  owing  to  the  severity  of  the 
climate  the  bunk  houses  which  were  occupied  during  the  winter 


Fig.  3. 


-Sectional  Plan  of  Intake  and  Scroll  Case  of  Coon 
Rapids   Development. 


were  heated  with  hot-air  furnaces.  The  buildings  were  all  well 
separated  so  as  to  reduce  fire  risk,  and,  with  the  exception  of  the 
superintendent's  office,  the  hospital,  the  store  and  the  foremen's 
and  engineers'  bunk  houses,  they  were  one-story  structures.  The 
camp  was  supplied  with  a  club  and  a  moving  picture  show,  and 
on  account  of  the  large  number  of  children  in  the  camp  the  county 
of  Anoka  opened  a  public  school  for  them,  the  building  being  fur- 
nished by  the  Northern  Mississippi  River  Power  Company. 

The  water  supply  for  the  camp  was  obtained  from  a  4  in. 
artesian  well  210  ft.  deep,  but,  as  the  water  did  not  flow  with 
sufficient  pressure  for  distribution  through  the  camp,  pumping  was 
necessary. 

The  electric  current  for  lighting  and  general  construction  pur- 
poses was  obtained  from  Minneapolis  over  the  permanent  transmis- 
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sion  line,  which  was  built  as  quickly  as  the  necessary  materials 
could  be  secured  and  delivered  on  the  ground. 

The  Minneapolis  &  Northern  Railway,  an  interurban  line  be- 
tween Minneapolis  and  Anoka,  passes  within  about  one-half  mile 
of  the  power  house.  Arrangements  were  made  with  this  company 
for  delivering  materials  on  the  work,  and  a  spur  was  built  from 
their  tracks  to  the  power  house  site  for  this  purpose.  This  track 
is  to  be  maintained  for  use  in  receiving  supplies  and  additional 
equipment,  but  a  track  for  construction  purposes  only  was  built 
from  this  spur  up  on  the  terrace  to  the  cement  storage  house 
(Fig.  1),  and  thence  on  a  trestle  to  the  sand  and  stone  bins. 

The  general  arrangement  of  the  construction  plant  is  clearly 
illustrated  by  Fig.  1. 

The  sand  and  stone  was  dumped  from  the  trestle  into  the  bins. 
The  platform  of  the  mixing  plant  was  under  the  trestle  but  higher 
than  the  bottoms  of  the  sand  and  stone  bins;  the  two  l^-yard 
motor-driven  cube  mixers  were  set  so  as  to  dump  directly  into  cars 
on  the  track  which  ran  out  on  a  trestle  along  the  upstream  side  of 
the  dam.  A  steam  hoist,  operating  dump  cars  on  inclined  industrial 
tracks  running  under  the  bins,  brought  the  sand  and  broken  stone 
to  the  mixer  platform.  The  cement  was  brought  from  the  storage 
house  on  push  cars  operating  on  the  high  trestle.  The  cement  was 
taken  from  storage  on  the  opposite  side  of  the  house  from  the 
receiving  track,  thus  readily  permitting  the  use  of  the  cement  in  the 
order  in  which  it  was  received. 

The  trestle  along  the  back  of  the  dam  carried  three  tracks. 
One  of  these,  a  standard  gage  track,  was  for  the  operation  of  a 
12-ton  locomotive  crane,  which  was  intended  principally  for 
handling  forms  and  Tainter  gates  but  which,  on  account  of  its  con- 
venience, was  probably  used  more  for  other  purposes.  The  other 
two  tracks  were  3-ft.  gage  and  were  used  for  placing  concrete.  One 
of  these  tracks  was  formed  by  placing  a  third  rail  3  ft.  from  one 
rail  of  the  standard  gage  track.  The  narrow  gage  tracks  were  con- 
nected at  several  points  by  crossovers,  and  the  locations  of  the 
crossovers  were  changed  as  the  work  progressed  to  facilitate  the 
handling  of  the  concrete. 

All  concrete  for  the  spillway  and  the  lower  parts  of  the  retain- 
ing dam  and  power  house  substructure  was  taken  from  the  mixers 
in  side  dump  cars  with  dinkey  engines  and  was  dumped  into  chutes, 
which  conveyed  it  directly  into  the  forms.  For  the  spillway  apron 
the  concrete  was  run  into  a  hopper  by  chutes  from  the  trestle  and 
distributed  with  buggies.  Where  the  forms  were  so  high  that  the 
chutes  could  not  be  used,  the  concrete  was  taken  from  the  mixers 
in  cylindrical  buckets  on  flat  .cars  and  the  buckets  were  swung  into 
position  for  dumping  by  the  locomotive  crane  or  a  derrick. 

A  good  quality  of  sand  for  the  concrete  was  obtained  on  the 
ground  but  the  broken  stone  had  to  be  brought  from  Minneapolis. 
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All  pumps  and  all  machine  tools  in  the  carpenter  and  machine 
shops  were  run  by  electric  motors. 

All  piling  was  driven  with  No.  2  Warrington  steam  hammers ; 
the  leads  and  turn  tables  were  built  on  the  ground. 

Foundations. 

Probably  the  most  interesting  feature  of  this  construction  is 
the  foundations. 

The  formation  is  glacial  drift  and  the  borings  indicated  a  great 
variety  of  materials,  including  boulders,  clay,  gravel  and  many 
grades  of  sand.  Except  for  the  clay  beds,  the  materials  were  prin- 
cipally in  small  deposits  or  pockets  and  without  any  special  order. 
This  was  particularly  true  of  the  sand. 


Fig  5. — Piles  for  Spillway  Dam. 

The  most  extended  and  homogeneous  deposits  encountered 
were  two  clay  beds.  The  lower  deposit  is  very  compact.  In  places 
it  seems  like  an  indurated  clay  and  is  hard  to  penetrate  but  it 
carries  a  large  percentage  of  sand  and  if  a  lump  of  it  is  dug  out 
it  is  easily  broken  up  by  hand.  The  upper  surface  of  this  deposit 
has  a  dip  to  the  north,  being  some  15  ft.  above  low  water  at  the 
south  bank  and  60  ft.  to  70  ft.  below  the  bed  of  the  stream  at  the 
north  bank. 

The  other  clay  bed  referred  to  lies  above  and  in  some  places  in 
contact  with  the  material  just  described  but  is  of  a  very  different 
nature  and  in  extent  seems  to  be  confined,  at  the  site  of  the  plant,  to 
the  head  of  the  island  and  the  north  channel  of  the  river.  This  is 
a  soft  clay,  carrying  a  considerable  percentage  of  very  fine  sand. 
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It  seems  to  be  impervious  under  ordinary  pressures,  but  has  high 
capillarit}-. 

From  the  information  obtained  by  the  test  pits  and  borings  it 
was  realized  that  this  soft  clay  deposit  in  which  the  power  house 
excavation  would  have  to  be  macle  would  be  difficult  to  handle, 
especially  so  as  the  excavation  had  to  go  some  25  ft.  below  the  bed 
of  the  stream.  It  was  proved  afterwards,  however,  that  the  informa- 
tion obtained  from  the  borings  and  test  pits  really  gave  little  indica- 
tion of  the  true  character  of  the  material  and  the  difficulties  which 
would  be  encountered  in  making  the  excavation. 

Owing  to  the  great  variety  of  materials  encountered,  it  was 
determined  that  the  whole  structure  should  be  carried  on  piles,  so 
as  to  insure,  as  far  as  possible,  against  unequal  settlement. 

Provision  against  the  possibility  of  a  blow-out  under  the  struc- 
tures was  made  by  enclosing  the  whole  area  of  the  dam  and  power 
house  with  steel  sheet  piling,  driven  to  such  depths  as  to  penetrate 
well  into  what  was  assumed  to  be  impervious  material, — that  is, 
impervious  under  the  pressures  obtaining  in  this  particular  case. 

To  prevent  upward  pressure  on  the  base  of  the  dam,  a  drainage 
tunnel  was  constructed  throughout  its  whole  length,  which  dis- 
charges into  a  sump  in  the  power  house.  This  tunnel  is  connected 
by  vertical  risers  with  a  blind  drain  just  back  of  the  upstream  cut- 
off wall.  The  blind  drain  is  constructed  on  the  principle  of  a  water 
filter  turned  upside  down,  the  idea  being  that  if  any  water  gets  past 
the  upstream  cut-off  it  will  find  its  way  into  the  tunnel  without 
carrying  any  solid  matter  with  it,  and  from  there  it  will  pass  into 
the  sump,  where  it  can  be  pumped  out  in  time  of  high  water  or 
where  it  can  flow  out  by  gravity  under  normal  conditions.  This 
tunnel  also  provides  a  means  of  inspection  and  of  locating  leaks  in 
case  any  should  develop.  Up  to  the  present  time  there  has  been 
little  leakage  into  the  drainage  tunnel  and  the  leakage  will  probably 
lessen  rather  than  increase. 

In  order  to  determine  the  length  and  number  of  piles  to  be  used 
and  the  safe  working  loads  per  pile,  a  line  of  test  piles  was  driven 
across  the  river  at  the  dam  site,  and  from  the  data  thus  obtained 
the  piling  plan  was  worked  out. 

After  a  careful  study  of  the  situation,  it  was  decided  to  allow 
a  working  load  of  only  ten  tons  per  pile  under  all  of  the  structures 
except  the  power  house.  This  value  was  obtained  usually  with  piles 
20  to  30  feet  long  and,  of  course,  piles  could  have  been  readily 
obtained  and  the  spacing  so  arranged  as  to  have  allowed  a  higher 
limit  of  load  on  each  pile ;  but  the  low  limit  was  used  in  order  to 
get  a  closer  spacing  of  the  piles  and  thus  insure  a  more  uniform 
distribution  of  the  loads.  In  all  there  were  12,000  piles  driven  for 
the  permanent  structures  and  3,000  for  cofferdams  and  other  tem- 
|K)rary  structures. 

In  driving  the  piles  careful  watch  was  kept  of  the  pene- 
tration,   and    the    bearing   value   of    the   pile    was    figured    by    the 
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Engineering  News  formula.  In  case  a  pile  could  not  be  driven  to 
get  the  desired  bearing  value,  one  or  more  additional  piles  were 
driven  adjacent  to  it. 

Under  the  spillway  part  of  the  dam  seven  lines  of  piles  were 
used  and  so  arranged  as  to  give  as  nearly  uniform  loads  as  possible 
on  all  the  piles.     (Figs.  2,  5  and  6.) 

At  the  south  end  of  the  spillway,  where  the  compact  clay  rises 
to  the  bed  of  the  stream,  it  was  found  impossible  to  drive  either 
steel  sheet  piling  or  round  piles,  and  at  this  location,  instead  of  sheet 
pile  cut-offs,  concrete  walls  were  substituted,  the  concrete  being 
placed  in  the  trenches  without  forms. 


Fig.  6. — Section  of  Spilhvaj'  Foundation  Ready  for  Forms. 

Four  54-ft.  sections  of  the  part  of  the  spillway  dam  enclosed 
by  the  first  cofferdam  were  omitted  for  passing  the  water  while 
the  remainder  of  the  structure  was  being  built.  To  have  put  in  a 
concrete  protection  over  the  earth  in  these  openings  would  have 
required  a  thin  slab  of  concrete  as  a  capping  for  the  piles  and  a 
horizontal  joint  through  the  dam.  Both  of  these  features  were  very 
objectionable  and  as  an  alternative  a  temporary  timber  floor  was 
constructed,  as  shown  in  Fig.  2.  This  floor  consisted  of  two  courses 
of  one-inch  boards,  spiked  to  timbers  bolted  to  the  heads  of  the 
piles.  To  prevent  damage  from  logs  and  drift  the  upstream  ends  of 
the  boards  were  held  between  two  timbers  securely  bolted  to  the 
concrete  block  which  capped  the  steel  sheet  piling,  and  the  down- 
stream ends  lapped  over  on  the  concrete  apron.  This  arrangement 
was  inexpensive  and  very  satisfactory. 
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Under  the  retaining  section  of  the  dam  six  lines  of  piles  were 
used.  Under  the  sluice  gate  structure,  the  log  sluice  and  fishway, 
the  same  general  arrangement  was  used  but  so  modified  as  to  keep 
approximately  the  same  load  per  pile. 

Many  obstacles  such  as  large  boulders,  logs  and  old  cribs, 
which  had  been  used  in  the  logging  operations  on  the  river,  were 
encountered  in  driving  the  piling;  and  in  a  number  of  cases  these 
obstacles  had  to  be  removed  by  the  use  of  powder.  The  steel  sheet 
piling  would  usually  cut  through  the  logs  without  much  trouble, 
but  in  one  case,  where  an  old  crib  was  encountered,  the  lower  end 
of  a  sheet  pile  was  doubled  over  and  came  back  up  to  the  surface 
as  the  driving  continued. 


Fig.  7. — Bracing  for  Power  House  Kxcavation   Units  t)  and  7. 

As  no  considerable  depth  of  excavation  was  necessary  under 
the  dam,  there  were  no  special  difficulties  encountered  in  this  part 
of  the  work;  but  in  the  power  house  excavation  the  unstable  char- 
acter of  the  clay,  which  has  previously  been  referred  to,  made  it 
necessary  to  adopt  extra  precautions.  In  carrying  out  this  part  of 
the  work  it  was  considered  best  to  make  the  excavation  in  sections 
and  not  open  up  the  whole  area  of  the  power  house  at  one  time. 
Following  out  this  line,  the  excavations  for  the  two  units  at  either 
end  of  the  power  house  were  first  started,  leaving  the  three  center 
units  for  the  final  excavation. 

In  tiie  first  two  excavations  (.Fig.  7),  3-in.  sheeting  was  driven 
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as  the  excavation  progressed,  the  bottom  of  the  sheeting  being  kept 
always  a  Httle  below  the  bottom  of  the  excavation.  The  sheeting 
was  braced  with  12  in.  by  12  in.  timbers,  spaced  8  ft.  in  both  direc- 
tions horizontally  and  about  4  ft.  vertically.  This  method  proved 
fairly  satisfactory,  but  there  was  some  difficulty  encountered  due 
to  the  sheeting  pushing  in  at  the  bottom  before  enough  excavation 
was  completed  to  put  in  a  new  set  of  braces,  and  in  this  way  the 
excavation  was  gradually  reduced  in  area  as  it  increased  in  depth. 
This,  however,  did  not  result  in  any  serious  trouble,  since  consid- 
erable clearance  was  allowed  in  laying  out  the  excavation  area. 
The  greatest  difficulty  encountered  in  this  method  of  carrying  on 
the  excavation  was  due  to  driving  the  piling  after  the  excavation 


I'ig.   8. — Bracing   for   Power   House   Excavation  During  Driving  of 
Piles,  Units  6  and  7. 

was  completed.  This  was  done  because  it  was  considered  impos- 
sible to  follow  the  piles  down  to  the  required  depths  and  prevent 
bunching  and  also  to  determine  what  would  be  the  bearing  value 
of  the  piles  driven  in  this  way. 

Driving  the  piles  after  the  excavation  was  made  resulted  in  the 
heaving  of  the  bottom  and  the  distorting  of  the  bracing.  (Figs.  8 
and  9.)  The  work,  however,  was  carried  through  to  a  successful 
finish  and  this  was  accomplished  by  tying  the  bracing  down  to  the 
heads  of  piles  already  driven.  This  did  not  entirely  stop  the  distor- 
tion and  buckling  of  the  bracing  but  did  prevent  it  from  collapsing. 
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After  the  piling  was  completed  in  the  first  two  areas,  it  was  found 
that  the  bottom  had  lifted  about  five  feet,  so  that  this  amount  of 
excavation  had  to  be  done  over.  Wherever  water  flowed  over  the 
clay  it  eroded  very  rapidly  and  became  liquid  mud  and  as  it  seemed 
impossible  to  stop  all  flowing  water,  this  also  greatly  increased  the 
amount  of  excavation. 

With  the  main  timbers  spaced  8  ft.  centers  in  both  directions 
in  the  first  two  excavations,  there  was  not  room  to  set  up  the  draft 
tube  forms.  The  plan  adopted  was  to  so  rearrange  the  bracing,  as 
soon  as  the  excavating  and  driving  of  piles  was  completed,  as  to 
clear  the  forms  for  one  unit  and.  allow  the  foundations  to  be  built 


Fig.  9. — Bracing  for  Power  House  Kxcavation  Piling  Completed, 
Units  6  and  7. 


up  to  the  bottom  of  the  scroll  cases.  (Fig.  10.)  This  j)lan  resulted 
from  the  supposition  that  the  arrangement  of  bracing  which  would 
allow  room  for  setting  up  the  forms  would  not  be  strong  enough 
to  stand  the  pressures  caused  by  the  vibrations  due  to  driving  the 
piling.  The  experience  in  carrying  out  the  work  proved  this  sup- 
position to  be  correct. 

When  the  excavation  was  started  for  the  three  intermediate 
units,  it  was  decided  to  change  the  plan  of  procedure  and  make  as 
much  of  the  excavation  as  seemed  safe  without  sheeting  and 
bracing,  after  which  the  sheeting  was  driven  to  the  full  depth 
refpiired   around   the  area   to  be  excavated.     Then  the  piles  were 
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driven  with  a  follower,  to  refusal  on  the  hard  clay.  For  this  work 
piles  of  greater  length  than  necessary  for  the  structure  were  used, 
since  it  was  found  impracticable  to  drive  with  a  follower  much  to 
exceed  ten  feet,  and  the  extra  length  of  pile  was  cut  off  after  excava- 
tion was  made. 

When  the  piling  was  completed,  the  excavation  was  carried 
down  and  the  bracing  as  originally  placed  was  so  arranged  as  to 
permit  of  setting  up  the  forms.  This  latter  method  proved  in  many 
respects  more  satisfactory  than  the  former,  but  a  great  deal  of  the 
trouble  in  the  first  excavations  would  have  been  obviated  had  the 
sheeting  been  driven  to  the  full  depth  before  the  excavation  was 


Fig.  10.- 


-Bracing  for  Power  House  Excavation   Rearranged   for 
Setting  Draft  Tube  Forms,  Units  6  and  7. 


started,  instead  of  being  driven  as  the  excavation  was  carried  down. 

The  enormous  pressures  which  had  to  be  taken  care  of  in 
bracing  the  excavation  were  very  clearly  demonstrated  in  making 
the  excavation  for  the  three  intermediate  units,  where  in  many 
cases  with  three  12  in.  by  12  in.  timbers  fastened  together  they 
buckled  to  such  an  extent  it  was  sometimes  feared  that  they  would 
break  and  extra  braces  had  to  be  put  in  to  make  it  safe. 

As  it  was  found  that  the  piling  for  the  power  house  could  be 
driven  to  refusal,  it  was  decided  to  increase  the  allowable  loads  per 
pile  to  25  tons,  but  even  with  this  allowable  load  under  some  parts 
of  the  structure  the  piles  had  to  be  spaced  about  as  close  as  it  was 
practicable  to  drive  them. 
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It  was  necessary  to  provide  in  the  foundations  for  taking  up 
the  horizontal  forces  so  as  to  prevent  movement  of  the  structure 
downstream.  This  was  done  by  driving  inchned  piles,  but,  as  only 
a  few  inclined  piles  could  be  driven  in  the  area  under  the  main  part 
of  the  structure,  owing  to  the  interference  of  the  bracing  and  the 
vertical  piles,  buttresses  w.ere  carried  downstream  between  the  draft 
tubes,  and  each  buttress  rests  on  a  cluster  of  32  inclined  piles  driven 
to  refusal.     (Fig.  4.) 

After  the  structures  were  completed,  careful  observations  were 
made  to  see  if  any  movement  occurred,  but  up  to  the  present  time 
no  movement  of  an  appreciable  quantity  has  taken  place.  This  fact 
in  connection  with  accuracy  in  locating  the  scroll  cases  has  made  it 
possible  to  set  all  of  the  units  to  exact  line. 


T rwl-i^Spocer  Pais 
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Fig.  11. — Steel  Rilis  for  Spillway  Forms. 


Forms. 

Another  feature  of  this  work  which  is  worthy  of  notice  is  the 
collapsible  forms  for  the  dam,  the  scroll  cases  and  draft  tubes. 

The  forms  for  the  dam  (Figs.  11  and  12)  were  made  of  sets 
of  vertical  and  inclined  steel  ribs  with  horizontal  wooden  lagging. 
The  vertical  ribs,  which  were  built  up  of  two  12-in.  channels  spaced 
34  in.  apart  back  to  back  and  riveted  together  through  the  webs, 
were  used  on  the  upstream  side ;  while  the  inclined  ribs,  made  up  in 
the  same  way  but  of  7-in.  channels,  were  used  on  the  downstream 
side.  The  inclined  and  vertical  ribs  were  bolted  together  by  a 
gusset  plate  conn-cction  at  the  upper  ends  and  were  held  in  place 
longitudinally  of  the  dam  by  bolts  and  pipe  separat<^rs.  The  two 
vertical  ribs  at  each  end  of  a  form  unit  were  fastened  rigidly  to- 
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gather  by  angle  iron  bracing  to  furnish  longitudinal  stiffness  to  the 
forms  when  being  erected.  Attached  to  the  under  side  of  the  in- 
clined ribs  by  angle  iron  furring  were  pairs  of  angles  bent  to  the 
proper  curvature  for  the  downstream  face  of  the  dam.  The  ribs 
were  spaced  4  ft.  2^/2  in.  on  centers  and  one  form  unit  embraced  a 
section  of  the  dam  54  ft.  long. 

The  lagging  used  was  3^  in.  thick,  finished  size,  by  about  4  in. 
wide,  and  approximately  13  ft.  in  length.  Malleable  iron  clips  were 
used  to  secure  the  lagging  to  the  ribs.  These  clips  were  of  proper 
form  to  fit  around  the  flanges  of  the  ribs  and  leave  space  for  small 
wooden  wedges.  The  clips  were  fastened  to  the  lagging  with  lag 
screws,  and  as  the  lagging  was  laid  in  place,  the  wedges  were  driven 
in  between  the  clips  and  the  flanges  of  the  ribs.     This  method  of 


) 


Fig.   12. — Spillway   Forms   in   Course   of   Erection. 


attaching  the  lagging  to  the  ribs  not  only  facilitated  the  assembling 
of  the  forms  but  also  their  removal  after  the  concrete  was  set. 

In  order  to  reduce  the  cost  and  facilitate  the  work  of  making 
the  final  closure  in  the  dam,  the  forms  were  designed  to  take  the 
place  of  a  cofferdam  in  these  openings.  This  was  accomplished 
by  framing  part  of  the  vertical  ribs  with  web  plates  projecting  far 
enough  on  the  upstream  side  to  receive  light  angles  and  thus,  in 
connection  with  the  upstream  flange  of  the  rib,  form  a  groove  to 
hold  stop  planks. 

To  hold  the  lower  ends  of  the  ribs  in  proper  position,  it  was 
originally  intended  to  build,  in  place,  small  concrete  blocks,  each 
containing  a  pocket  to  receive  the  foot  of  a  vertical  rib,  and  to  leave 
pockets  near  the  upstream  e.(}gt  of  the  apron  to  receive  the  feet  of 
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the  inclined  ribs.  This  latter  provision  was  carried  out  in  all  cases 
and  proved  satisfactory,  but  before  any  of  the  blocks  were  built 
it  was  realized  that  a  timber,  with  wooden  strips  spiked  to  it,  would 
hold  the  feet  of  the  vertical  ribs  just  as  satisfactorily  and  cost  less; 
and  this  method  was  pursued  except  in  the  openings  left  for  passing 
the  water  during  construction.  In  these  latter  openings  (Fig.  2) 
a  continuous  concrete  sill  was  built  as  an  integral  part  of  the  block 
of  concrete  in  which  the  heads  of  the  steel  sheet  piles  were  em- 
bedded. Pockets  were  left  in  this  concrete  sill  to  receive  the  ribs 
so  that  they  could  be  set  in  place  and  accurately  spaced  in  the 
running  water.  A  timber  sill  was  embedded  in  the  concrete  sill  to 
receive  the  stop  planks. 

When  the  time  came  for  making  the  final  closure  in  the  dam, 
all  of  the  ribs  were  set  up  and  secured  in  place  by  bolting  to  the 


l-"ig.    i:!. — Setting    I-'orni    Kil)s    in    Runnin;.;    Water. 

heads  of  the  foundation  piles  or  to  the  Tainter  gate  sills  in  the 
adjacent  finished  sections  of  the  dam,  before  any  of  the  stop  planks 
were  put  in.     (Fig.  13.) 

On  the  upstream  side  the  end  ribs  of  each  form  unit  were  so 
arranged  as  to  bolt  to  the  face  of  the  concrete  in  the  adjacent 
finished  sections  of  the  dam,  with  a  thin  wooden  block  between  the 
rib  and  the  concrete  to  form  a  tight  joint.  The  space  between  the 
stop  planks  and  the  lagging  furnished  a  place  for  any  water  which 
passed  the  stop  planks,  to  accumulate  and  to  be  pumped  out,  but 
pumping  from  this  space  proved  to  a  large  extent  to  be  unnecessary, 
as  the  stop  planks  were  so  tight  that  the  leakage  was  not  sufficient 
to  cause  trouble  in  most  cases. 

Owing  to  the   fact   that   the  final   closure  had   to  be  made  in 
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higher  water  than  was  originally  anticipated,  wooden  cofferdams, 
consisting  of  timber  cribs  with  sheeting,  had  to  be  used  on  the 
downstream  side  instead  of  dams  made  with  sacks  of  sand  as  was 
first  planned. 

The  method  used  for  stopping  off  the  water  proved  very  satis- 
factory, as  did  also  the  arrangement  and  design  of  the  forms. 

For  convenience  in  construction  the  spillway  dam  was  divided 
by  expansion  joints  into  sections  54  ft.  long  and  these  joints  were 
so  arranged  that  half  of  the  sections  have  two  Tainter  gate  piers, 
while  the  alternate  sections  have  only  one  pier  each.  The  sections 
which  were  left  for  the  final  closure  were  the  sections  having  only 
one  pier.  In  all  cases  notches  were  left  in  the  top  of  the  dam  to 
receive  the  piers  and  the  piers  were  built  after  the  body  of  the  dam 
was  completed. 


Fig.  14. — Ribs  for  Spillway  Forms  in  Use  on  Retaining  Dam. 

As  it  was  intended  under  some  conditions  to  fill  the  forms  for 
the  dam  at  the  rate  of  at  least  4  ft.  per  hour,  they  were  designed 
to  sustain  a  pressure  of  1,000  lb.  per  sq.  ft.  This  pressure  was 
determined  for  temperatures  around  60  deg.  F.,  from  experiments 
made  by  Major  Shunk,  U.  S.  Army,  at  what  is  known  as  the  High 
Dam  on  the  Mississippi  River  at  Minneapolis.  In  order  to  secure 
the  forms  from  being  lifted  by  the  upward  pressure  of  the  con- 
crete on  the  curved  part,  the  ribs  were  secured  by  rods  to  the  heads 
of  the  piles. 

By  making  a  horizontal  joint  in  the  retaining  dam  5.5  ft.  below 
the  full  reservoir  level  and  building  the  upper  part  with  separate 
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forms,  it  was  possible,  with  slight  modifications,  to  use  the  spillway 
forms  for  the  lower  part  of  the  retaining  dam.  This  modification 
consisted  in  making  joints  in  the  inclined  ribs,  so  as  to  reduce  their 
length,  and  attaching  projecting  plates  to  connect  with  the  gusset 
plates  at  the  tops  of  the  vertical  ribs.  For  use  on  the  retaining  dam 
the  inclined  ribs  were  turned  over  so  that  the  shoe  would  have  a 
better  bearing,  and  as  it  seemed  probable  that  the  furring  and 
curved  angles  might  be  troublesome  these  parts  were  bolted  to  the 
ribs  so  as  to  be  readily  removed.  This  provision  proved  to  be 
unnecessary.     (Fig.  14.) 

The  draft  tube  forms  (Figs.  15,  16,  17  and  18)  were  built  up 


Fig.   lo.— Central   Kil)  of   Draft   Tube    l-orni. 


on  a  central  rib  or  keel.  Transverse  ribs  were  made  up  of  two  or 
more  thicknesses  of  1^-in.  plank  and  spaced  not  to  exceed  2  ft. 
at  the  outer  edge  where  the  lagging  attached.  These  transverse  ribs 
were  made  in  quadrants,  and  were  bolted  by  angle  iron  clips  rigidly 
to  the  central  rib,  but  on  the  horizontal  axis  a  3-in.  space  was  left 
for  wedges  so  that  in  removing  the  forms  the  upper  quailrants  could 
be  dropped  3  in.  and  thus  be  loosened  sufficiently  to  permit  of  being 
reuKJVcd  from  the  draft  tubes.  Three  or  more  of  the  quadrants 
of  adjacent  ribs  were  fastened  together  with  cross  bracing  and  after 
being  lagged  composed  one  section  of  the  form. 

I'he   complete   draft   tube   form   was  composed  of  sixteen  of 
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these  sections  and  contained  20,000  board  feet  of  lumber,  yet  it 
required  only  two  days  to  take  it  apart,  move  it  a  distance  of  about 
300  ft.  and  reassemble  it  in  final  position  for  concreting. 

The  scroll  case  forms  (Fig.  19)  were  built  on  practically  the 


tH^/iII^A"! 


Cut  from  lj\\2" 


Fig.  16. — Transverse  Rib  for  Draft  Tube  Form. 

same  plan  as  the  draft  tube  forms,  but  in  this  case  the  keel  or  cen- 
tral rib  lay  in  a  horizontal  instead  of  a  vertical  plane,  and  as  this 
rib  was  placed  at  the  horizontal  center  line  of  the  wheel  gates,  the 
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I'ig.   IS.  —  Draft    l"ul)f  l-Orms  in  Position   for  Concreting. 
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part  of  the  form  coming  below  the  rib  was  considerably  larger  than 
the  part  above. 

The  transverse  ribs  and  the  sections  of  the  form  were  made  up 
in  the  same  way  as  for  the  draft  tube  forms  and  were  bolted  to  the 
central  rib  by  angle  iron  clips ;  wedges  were  placed  under  the  upper 
sections. 

A  grill  work  of  8  in.  by  8  in.  timbers  placed  directly  on  the 
top  rib  of  the  draft  tube  form  carried  short  vertical  posts,  which 
supported  the  central  rib  of  the  scroll  case  form.  On  top  of  the 
central  rib  rested  a  short  cylinder,  so  to  speak,  made  of  two  circular 
ribs  with  posts  between ;  to  these  posts  and  the  posts  supporting  the 


Fig.   19. — Scroll   Case   Forms. 


central  rib  were  attached  the  transverse  ribs  of  the  forms.  Lagged 
cylinders,  which  were  divided  into  quadrants,  separated  by  narrow 
parallel  sections  and  wedges,  completed  the  wheel  pit  forms. 

This  method  of  constructing  the  draft  tube  and  scroll  case 
forms  proved  to  be  eminently  satisfactory,  as  the  forms  were  easily 
assembled  for  concreting,  were  readily  removed  from  the  concrete, 
and  in  the  process  were  damaged  very  little.  In  many  cases,  how- 
ever, the  sections  were  so  large  and  heavy  that  it  required  consid- 
erable ingenuity  on  the  part  of  the  workmen  in  removing  them 
from  the  concrete  to  transport  them  to  points  where  the  derricks 
could  lift  them.  Smaller  sections  would  have  made  this  part  of  the 
work  considerably  easier  but,  on  the  other  hand,  the  assembling 
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and  the  adjusting  of  the  forms  would  have  been  considerably  more 
difficult. 

TAiNTiiR  Gates. 

A  detail  of  this  plant  which  is  of  unusual  design  is  the  Tainter 
gates.  (Fig.  20.)  These  gates  have  a  length  of  33  ft.  and  sustain 
a  water  pressure  due  to  a  head  of  7.5  ft. 

The  especially  unusual  feature  of  the  gates  is  the  omission  of 
all  cross  bracing.  They  are  built  up  of  I  beams  which  span  the 
opening,  these  being  attached  to  plate  girders  at  the  ends.  From 
the  girders  struts  extend  to  the  pins  which  support  the  gates  and  on 
which  they  hinge.  Between  the  beams  and  the  struts  gusset  plates 
are  inserted  in  lieu  of  the  usual  cross  bracing.  The  cover  plates  are 
riveted  to  the  flanges  of  the  I  beams.     Gates  framed  in  this  way 


Fig.  20. — Spillway  and  Tainter  Gates. 

will  require  somewhat  more  metal  than  if  the  cross  bracing  is  used 
and  will  possibly  cost  slightly  more,  but  they  have  the  advantage  of 
being  far  less  liable  to  damage  in  case  they  are  overtopped  by  a 
flood,  due  to  the  negligence  of  the  attendant  or  to  accident  which 
might  prevent  them  being  opened  at  the  proper  time. 

As  it  seemed  practically  certain  that  there  would  be  unequal 
settlement  in  the  various  sections  of  the  spillway,  the  bearings  of 
the  gates  were  arranged  to  be  adjustable.  This  was  accomplished 
simply  by  slotting  the  holes  for  the  anchor  bolts  which  secure  the 
bearing  to  the  concrete  and  added  little,  if  anything,  to  the  cost. 
While  this  provision  seemed  absolutely  essential  when  the  gates 
were  designed,  as  yet  no  readjustment  has  been  necessary. 
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The  gates  are  made  water-tight  on  the  bottoms  and  ends  by 
the  use  of  rubber  belting.  The  strips  on  the  ends  bear  against  the 
piers,  while  the  strip  on  the  bottom  is  folded  and  so  adjusted  that 
the  fold  bears  on  the  gate  sill.  The  leakage  around  these  gates  is 
very  small  and  probably  would  have  been  less  but  the  gates  were 
placed  in  cold  weather  and  ice  interfered  with  proper  adjustment 
of  the  belting. 

The  hoists  for  these  gates  were  specially  designed  by  the 
Whiting  Foundry  Equipment  Company  after  specifications  and  sug- 
gestions by  the  writer.  These  hoists  consist  of  two  stands  with 
chain  drums  driven  by  worm  gear.  The  stands  are  placed  close  to 
the  ends  of  the  gates  and  the  worms  are  driven  by  a  line  shaft  in 
one  piece;  the  operating  stand  is  placed  at  the  center  between  the 
drum  stands.  The  hoists  are  arranged  for  hand  or  electric  motor 
operation.  Up  to  the  present  time  all  the  operation  has  been  by 
hand  and  without  any  difficulty ;  one  man  is  able  to  raise  and  lower 
the  gates  with  ease. 

The  main  object  in  having  motor  operation  for  the  gates  would 
be  in  emergency  cases  when  it  was  desired  to  open  the  gates  quickly, 
and  for  this  reason  if  a  motor  is  ever  used  it  is  the  intention  to 
have  it  mounted  on  a  truck  so  as  to  move  along  the  dam  from  gate 
to  gate  instead  of  mounting  a  separate  motor  on  each  hoist. 

Owing  to  the  ease  with  which  it  has  been  possible  to  regulate 
the  level  of  the  water  in  the  reservoir  by  the  manipulation  of  the 
gates,  it  seems  that  the  installation  of  a  motor  to  take  the  place  of 
hand-operation  would  be  unnecessary. 

Hydraulic  and  Electrical  Equipment. 

•The  15,000  h.  p.  total  generating  capacity  provided  for  in  the 
Coon  Rapids  station  was  determined,  principally,  from  a  study  of 
the  stream  flow  data  for  the  years  1900  to  1910  inclusive  as  re- 
corded by  the  St.  Anthony  Falls  Water  Power  Company  of  Minne- 
apolis, and  on  the  assumption  of  operating  on  a  100%  load  factor 
basis  insofar  as  the  water  is  available ;  or,  in  other  words,  to  use  the 
water  as  it  comes,  up  to  the  full  capacity  of  the  equipment.  From 
these  data  it  was  estimated  that  the  average  annual  output  of  the 
Coon  Rapids  plant  would  be  40,000,000  kw.  h. 

About  the  first  of  the  current  year  the  data  for  the  discharge 
of  the  Mississippi  River  at  Lock  &  Dam  No.  2,  as  recorded  by  the 
U.  S.  Government  Engineers,  were  obtained  for  the  years  1905  to 
1913  inclusive.  An  analysis  of  the  possible  output  of  the  plant  in 
the  light  of  these  data  shows  that  an  annual  average  of  64,000,000 
kw.  h.  may  be  expected  from  the  complete  installation  of  seven 
units  and  52,000,000  kw.  h.  from  the  initial  installation  of  five  units, 
and  this,  notwithstanding  the  fact  that  the  data  used  cover  three 
of  the  dryest  years  on  record  for  Minnesota. 

The  generating  units  are  of  the  vertical  type,  each  consisting 
of  an  Allis-Chalmers  single  runner  Francis  turbine,  direct  connected 
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to  a  General  Electric  alternator  and  fitted  with  roller  thrust  bearing 
and  oil  pressure  governor. 

The  turbine  runner,  having  a  mean  diameter  of  8  ft.  6^  in. 
and  a  diameter  over  the  discharge  ring  of  12  ft.  8  in.,  is  set  in  a 
concrete  scroll  case  with  cast  iron  pit  rings. 

The  wheel  gates,  which  control  openings  54  in.  high  by  13  in. 
wide,  are  of  the  swivel  type  with  exterior  operating  ring  and  links. 

The  rotating  element  of  the  machine  is  carried  by  a  roller 
thrust  bearing,  which  rests  on  the  upper  spider  of  the  generator,  and 
the  length  of  the  shaft  from  the  center  of  the  runner  to  the  top 
of  the  roller  bearing  is  21  ft.  6  in.  A  water  lubricated  lignumvitae 
guide  bearing  is  carried  by  the  upper  cover  plate  of  the  turbine,  and 
an  oil-lubricated  guide  bearing  is  carried  by  the  upper  spider  of  the 
generator  just  below  the  roller  thrust  bearing.  The  shaft  has  a 
flanged  coupling  3  ft.  7  in.  above  the  lower  guide  bearing. 

The  lubrication  of  the  roller  bearing  and  the  upper  guide  bear- 
ing is  secured  by  a  unit  oiling  system.  The  oil  filter,  storage  tank, 
and  circulating  pump  are  located  in  the  wheel  pit.  The  motor- 
driven  rotary  circulating  pump  is  mounted  on  the  oil  tank  and 
forces  the  oil  up  to  the  bearings ;  the  return  of  the  oil  to  the  filter 
is  by  gravity. 

The  governor  head  and  governor  oil  pump  are  driven  by  belts 
from  a  counter  shaft,  which  in  turn  is  driven  jjy  bevel  gears  from 
the  main  shaft  of  tiie  turbine. 

The  generator  is  a  1,625  kv-a.,  2,300- volt,  62  r.  p.  m.,  3-phase. 
60-cycle  machine,  the  rotor  of  which  is  17  ft.  4  in.  in  diameter. 

The  maximum  load  on  the  roller  bearing,  due  to  the  weight  of 
the  rotating  parts  and  the  downward  thrust  of  the  water,  is 
170.000  pounds. 

The  excitation  of  the  alternators  is  furnished  by  two  300  kw.. 
720  r.  p.  m.  motor-generator  sets. 

A  15-panel  switchboard  provides  the  means  for  controlling  the 
station. 

For  transmission  to  Minneapolis  the  current  is  stepped  up  to 
13,200  volts  by  two  banks  of  1,375  kv-a.,  60-cycle,  single  phase, 
water-cooled  transformers. 

The  exciters,  transformers  and  switchboard  are  located  in  com- 
partments on  the  downstream  side  of  the  station  and  at  the  same 
elexation  as  the  floor  of  the  generator  room.  In  a  gallery  over  tlusc 
compartments  are  placed  the  oil  switches  and  lightning  arresters. 

The  transmission  line  consists  of  two  circuits  of  250,000  C.  M. 
solid  copper  wire,  carried  on  cedar  poles  with  wooden  crossarms. 

In  detail,  construction,  and  general  arrangement  the  entire 
equipment  is  .so  simple,  strong  and  accessible,  it  is  confidently  ex- 
pected that  operating  and  maintenance  costs  will  be  very  low. 

Arrangements  arc  being  made  at  the  present  time  to  determine 
the  efficiency  of  the  hydraulic  tjnbines.  and  from  the  care  and  close 
attention  to  detail  which  has  been  given  to  the  design  and  construc- 
tion of  this  ins).i]l;iti(in,  we  arc  anticipating  high  efficiencies. 
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Discussion. 

W.  D.  Cerbcr,  u.  w.  s.  e.  (Chairman)  ;  The  paper  presented 
tonight  was  sent  out  to  the  members  in  "advance"  form,  hoping  that 
this  would  promote  discussion.  The  meeting  is  now  open  for  gen- 
eral discussion. 

E.  J .  Mehren  (Editor,  Engineering  Record)  :  I  would  ask 
whether  any  of  the  turbines  have  yet  been  run  at  full  capacity. 

Mr.  Link:  The  first  unit  was  put  on  the  line  August  1st,  and  at 
the  present  time  four  units  are  in  operation.  We  have  been  ob- 
taining about  40,000  kw.  hours  per  day  from  each  unit  since  they 
were  put  in  operation. 

Mr.  Mehren:  The  reason  I  asked  that  question  was  to  lead  up 
to  another  one.  What  are  your  observations,  so  far,  of  the  efit'ect  of 
having  the  thrust  bearing  on  top  of  the  generator?  For  instance, 
how  about  vibration? 

Mr.  Link:  There  seems  to  be  very  little  vibration,  and  in  gen- 
eral the  method  has  proven  very  satisfactory.  We  had  a  little 
trouble  with  the  bearing  on  one  generator,  but  the  other  bearings 
have  given  good  satisfaction. 

Mr.  Meliren:  This  is  a  decidedly  interesting  question,  because 
modern  practice  seems  to  point  in  that  direction — putting  thrust 
bearings  on  top  of  the  generator.  I  understand  that  the  bearings 
in  connection  with  a  Southern  plant  are  giving  very  good  results, 
but  there  has  been  some  dispute  about  this  and  the  claim  has  been 
made  that  there  is  considerable  vibration.  It  has  been  claimed  that 
putting  the  thrust  bearing  on  top  of  the  generator  decreases  the 
amount  of  concrete  in  the  power  house,  and  because  of  this  decrease 
considerable  vibration  is  to  be  expected.  Do  you  think  there  is  any- 
thing to  that  argument? 

Mr.  Link:  In  some  cases  that  might  be  true,  but  there  is  so 
much  mass  in  the  foundation  below  the  power  house  floor,  that  such 
a  condition  is  not  likely  to  exist. 

A'lr.  Mehren:  Ordinarily  that  is  a  point  that  needs  very  care- 
ful consideration  before  adopting  that  type  of  design.  Would  the 
shortening  of  the  sliafi  have  a  tendency  to  lessen  the  efifect  of 
vibration  ? 

Mr.  Link:    Yes,  it  probably  would. 

Mr.  Mehren:    That  probably  would  offset  the  smaller  mass. 

Mr.  Link:     We  have  a  good  deal  of  mass,  necessarily. 

Mr.  Mehren:  That  is  a  very  interesting  point,  and  I  know 
hydraulic  operators  will  watch  very  carefully  such  plants. 

Murray  Blanchard.  m.  w.  s.  e.  :  In  the  Tallulah  Falls,  Georgia, 
power  plant  we  installed  a  similar  plant,  except  that  it  was  a  high 
head  development.  A  load  of  75  tons  was  put  on  a  similar  thrust 
bearing,  and  I  understand  the  plant  is  running  very  smoothly  at 
the  present  time. 

I  would  ask  the  author,  in  connection  with  the  matter  of  Tainter 
gates,  whether  the  automatic  flash  board  was  considered,  as  used 
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in  the  Talluhih  Falls  plant.  It  is  possible,  1  supixjsc,  that  this 
method  would  not  be  practjcal  where  the  question  of  ice  must  be 
taken  into  consideration.  The  reason  it  was  used  on  this  plant 
on  the  high  dam  was  that  the  flood  waters  in  the  deep  gorge 
would  come  on  the  dam  very  suddenly  and  necessarily  there  must 
be  very  quick  action.  iV  constant  level  within  two  or  three  inches 
can  be  maintained  with  these  flash  boards.  I  was  wondering  if  such 
a  thing  is  practical  with  the  conditions  you  have  on  the  Upper  Mis- 
sissippi. 

Mr.  Link:  That  question  was  considered  somewhat,  but  the 
conditions  on  the  Mississippi  at  that  point  are  such  that  any  auto- 
matic device  fastened  to  the  crest  of  the  dam  would  be  impracti- 
cal, on  account  of  the  logs  and  ice.  We  built  booms  to  train  the  logs 
to  the  log  chute,  but  the  booms  broke  the  first  drive  that  came  down 
and  we  had  to  sluice  the  whole  drive  over  the  dam.  The  chances  are 
with  automatic  flash-boards  they  would  be  ripped  oflf.  We  had  an 
arrangement  whereby  we  received  information  of  an  approaching 
flood,  24  hours  in  advance  of  the  time  it  reached  the  plant  and 
thus  far  we  have  had  little  trouble  in  keeping  the  level  of  the  reser- 
voir practically  constant.  Of  course  there  are  a  few  instances  when 
the  level  was  not  constant,  but  I  think  I  may  safely  say  it  has  not 
measured  as  much  as  6  inches  away  from  the  level  we  are  trying  to 
maintain.  With  the  amount  of  drift,  logs  and  ice  that  come  down 
that  stream,  I  think  tlie  automatic  devices  would  give  a  great  deal 
of  trouble. 

Mr.  Blanchard:  The  flash-boards  are  of  structural  steel, 
sheathed  with  oak  planks  and  are  apparently  of  the  same  size  as 
these  Tainter  gates.  The  one  I  speak  of  had  a  reinforced  concrete 
counterweight  drum  rolling  up  and  down  on  a  rack,  and  it  seems 
to  me  that  by  covering  over  the  ends  of  this  drum  at  the  gear 
wheels,  running  on  the  gear-racks,  it  would  be  protected  from  snow 
and  would  withstand  the  ice.  I  believe  that  this  i  s  the  only 
one  used  in  this  country,  and  not  knowing  the  ice  conditions.  I  was 
interested  to  know  whether  it  would  be  practical  in  the  North.  The 
flash-boards  were  hinged  at  the  crest  of  the  dam,  and  cables  from 
their  outer  corners  lead  up  over  pulleys  and  thence  down  to  the 
rolling  counterweights,  so  that  the  additional  weight  of  water  on 
the  flash-boards  raises  the  counterweights  onto  a  steeper  portion 
of  the  rack.  The  force  of  gravity,  when  the  load  on  the  flash-board 
is  reduced,  will  send  the  counterweight  down  and  raise  the  flash- 
board. 

Mr.  Link:  I  do  not  believe  a  structure  of  that  kind  would  work 
satisfactorily  in  Minnesota,  on  the  Mississipj)i  river,  for  the  reason 
that  many  of  the  logs  are  dead  heads,  and  some  are  so  long  that  they 
drag  on  the  crest  of  the  dam  when  the  lower  end  strikes  the  apron, 
and  any  structure  attached  to  the  crest  of  the  dam  would  be  in 
danger  of  being  wrecked.    The  conditions  in  the  North  are  very  bad. 

Mr.  Cicrhcr:  What  was  the  luelhod  of  jilacing  the  explosive 
beneath  those  boulders ? 
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Mr.  Link:  1  cannot  tell  you  just  how  it  was  placed.  The  man 
who  handled  the  powder  was  an  expert,  and  in  one  case  he  put  down 
a  charge  under  a  large  boulder  and  broke  it  in  halves.  The  pieces 
were  thrown  up  on  top  of  the  ice  and  the  interesting  part  of  it  was, 
that  one-half  of  the  boulder  fell  on  one  side  and  the  other  half  on 
the  other  side  of  the  channel  which  had  been  cut  in  the  ice.  It  cer- 
tainly was  a  neat  piece  of  work,  but  I  suppose  it  was,  in  a  way, 
accidental  that  the  boulder  should  have  disposed  of  itself  in  that 
manner.  I  think  the  man  placed  the  powder  by  means  of  a  pipe 
driven  down  beside  the  boulder. 

W.  IV.  DeBerard,  m.  w.  s.  e.  :  In  regard  to  the  Tainter  gates, 
how  much  was  allowed  for  deflection  ?  With  this  long  span,  can  you 
get  a  sufficiently  straight  line  at  the  bottom  of  the  Tainter  gate  to 
cause  no  leakage  under  pressure? 

Mr.  Link:  The  beams  used  were  not  figured  for  deflection,  but 
are  so  deep  in  proportion  to  span  that  the  amount  of  deflection  is 
small.  We  depend  on  the  rubber  belting  for  sealing  the  gate  at  the 
bottom  instead  of  the  cover  plate  itself.  In  cases  where  the  belting 
is  used  to  form  the  seal,  I  think  the  deflection  would  have  little 
elYect. 

H.  E.  Goldberg,  m.  w.  s.  e.  :    How^  thick  is  that  rubber  belting? 

Mr.  Link:  Six  ply  on  the  ends  and  five  ply  on  the  bottom  where 
it  is  folded. 

L.  E.  Cooley,  m.  w.  s.  e.  :  What  is  the  average  discharge  on 
the  river? 

Mr.  Link:  The  average  flow  of  the  stream  in  the  past  has  been 
somewhere  around,  I  should  say,  20,000  second  feet.  Perhaps  15,000 
second  feet  would  be  nearer  right.  Since  1910  the  average  flow  has 
been  very  much  below^  that. 

A.  S.  Coffin:  You  used  a  separate  oiling  system  for  each  ma- 
chine.    Is  there  any  advantage  in  this  ? 

Mr.  Link:  It  is  questionable  whether  there  is  any  special  ad- 
vantage in  the  separate  oiling  systems  except  in  this  way — with  a 
central  system  it  must  be  in  duplicate  to  provide  against  a  breakdown. 
There  was  considerable  saving  in  piping  in  this  plant.  If  we  had 
the  central  system  there  would  be  required  probably  ten  times  as 
much  piping  as  with  the  unit  system. 

Mr.  Coffin:  Is  there  any  advantage  in  keeping  the  oil  separate 
for  each  machine? 

Mr.  Link:  No,  there  is  no  particular  advantage  in  keeping  the 
oil  separate  in  each  machine.  Of  course  the  oil  is  filtered  and  it 
would  take  just  as  much  filtering  capacity  for  the  central  system  as 
it  takes  this  way.    The  same  amount  of  oil  would  have  to  be  used. 

Mr.  Cooley:    What  is  your  transmission  distance? 

Mr.  Link:    The  transmission  distance  is  about  eleven  miles. 

E.  N.  Lake,  m.  w.  s.  e.  :  I  would  ask  the  author  in  regard  to 
his  experience  with  ice  and  the  screens  for  the  forebay  and  the 
use  of  the  exposed  gantry  crane  under  \vinter  conditions. 

Mr.  Link:     We  ha\e  not  operated  the  plant  through  a  wanter 
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yet,  and  so  we  do  not  know  just  what  the  conditions  will  be.  The 
original  plan  was  to  have  a  covered  forebay,  and  probably  we  will 
have  one  some  day,  for  I  think  without  it  continuous  operation  is 
practically  impossible. 

The  No.  1  plant  at  Niagara  Falls  was  built  with  the  open  fore- 
bay,  and  when  they  came  to  build  the  No.  2  plant,  they  enclosed 
the  forebay,  hoping  thus  to  eliminate  some  of  the  ice  troubles.  The 
experiment  proved  so  successful  that  when  they  built  the  Canadian 
plant,  it  was  built  with  the  enclosed  forebay.  In  order  to  keep 
No.  1  plant  running  during  the  winter,  the  lower  portion  of  the 
racks  had  to  be  removed,  but  at  No.  2  plant  there  was  never  any 
trouble  from  ice.  With  the  racks  removed  at  Coon  Rapids,  there 
would  be  danger  of  dead-heads  being  drawn  into  the  wheels  and 
breaking  the  runners  or  gates.  I  believe  the  ice  and  snow  will  not 
cause  any  considerable  trouble  in  operating  the  gantry  crane. 

Mr.  Lake:  I  think  the  location  would  be  about  as  severe  as  one 
would  encounter  in  this  country  in  ice  conditions. 

Mr.  Link:  The  St.  Lawrence  is  probably  worse  than  the 
Mississippi.  I  have  known  the  plant  at  Massena,  N.  Y.,  to  be  shut 
down  within  half  an  hour  after  the  frazil  ice  started  to  form  and 
when  the  wheels  were  operating  with  wide  open  gates,  simply  by 
the  ice  clogging  the  runners  and  stopping  the  flow  of  water.  1  think 
you  will  not  find  any  place  in  the  country  where  the  ice  conditions 
are  as  bad  as  they  are  on  the  St.  Lawrence  river. 

Mr.  Coolcy:  The  best  remedy  for  that  kind  of  ice  is  a  still 
mill  pond. 

Mr.  Goldberg:    What  is  frazil  ice? 

Mr.  Link:  That  is  something  which  is  hard  to  explain.  Prof. 
Barnes,  of  McGill  University,  has  written  a  book  on  Ice  Formation 
(  W^iley,  N.  Y.,  1906),  in  which  he  claims  that  the  difference  between 
liquid  water  and  ice  is  about  0.0001  deg.  F.  Some  of  you  are  prob- 
ably familiar  with  the  laboratory  experiment  of  reducing  water  be- 
low the  freezing  point  and  yet  not  have  it  freeze.  It  is  possible.  I  be- 
lieve, to  reduce  the  temperature  of  water  to  something  like  25  deg. 
I*",  without  its  freezing,  provided  it  is  perfectly  quiescent,  but  the  in- 
stant it  is  agitated  it  will  congeal.  The  formation  of  frazil  ice  is 
somewhat  similar.  The  water  flowing  in  the  quiet  reaches  of  the 
stream  is  gradually  reduced  to  the  critical  temperature,  and  when 
agitated  by  flowing  over  ra])ids  instantly  ice  needles  will  begin  to 
lorm,  resulting  in  a  sort  of  mushy  mass.  These  masses  flow  along 
and  when  they  come  in  contact  with  any  object  that  is  as  cold  or 
colder  than  the  water,  they  stick  to  it  and  stay  there  and  keep 
growing. 

Mr.  ColTni:  Did  yuu  have  any  lroul)le  with  water  working  up 
through  the  joint  which  you  left  open;  you  left  the  floor  open  for 
the  wheel  pit  so  you  could  set  the  machinery  in. 

Mr.  Link:  There  is  a  cast  iron  cover  over  the  wheel  and  a 
stuffing  box  around  the  shaft  so  no  water  comes  u\^  thnnigh  there. 
The  fact  of  the  matter  is  that  the  location  of  the  ligMum-\  itae  bear- 
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ing  is  such  that  the  kibricating  water,  which  is  introduced  under 
pressure,  must  flow  into  the  wheel  and  would  prevent  any  water 
flowing  into  the  wheel-pit  above  the  cover. 

Mr.  Coffin:    I  was  thinking  of  the  first  floor. 

Mr.  Link:  The  power  house  floor  is  8  or  10  feet  above  the 
wheel  cover  and  we  have  a  drain  on  the  wheel  cover.  If  there  is 
any  leakage  it  is  caught  in  a  compartment,  so  to  speak,  of  the  wheel 
cover,  and  is  taken  out  through  the  drain.  It  cannot  get  up  to  the 
powerhouse  floor.     There  is  no  possibility  of  that. 

Mr.  Coffin:     I  meant  through  the  roof  of  the  scroll  case. 

Mr.  Link:  There  is  no  leakage  through  the  roof  of  the  scroll 
case. 

Mr.  Warder:  What  is  the  relative  level  of  the  head  water  to 
the  generator? 

Mr.  Link:  The  head  water  is  214  ft.  higher  than  the  power 
house  floor,  or  about  6  inches  below  the  top  of  the  generator  founda- 
tion. 

G.  R.  Brandon,  m.  w.  s.  e.  :     Are  the  bearings  roller  bearings? 

Mr.  Link:     Yes,  they  are. 

Mr.  Gerber:     I  suppose  that  bearing  carries  the  entire  weight. 

Mr.  Link:  Yes,  it  does.  That  is,  the  entire  weight  of  the 
rotating  parts. 

Mr.  Coffin:  Were  you  able  to  use  your  draft  tube  forms  several 
times  ? 

Mr.  Link:  Yes.  Owing  to  the  way  the  work  had  to  be  carried 
out.  there  were  four  draft  tube  forms  so  we  had  to  use  three  over 
again.  Originally  I  wanted  to  build  only  three,  and  that  would  have 
meant  one  w^ould  have  been  used  three  times,  but  it  did  not  work  out 
that  way. 

0.  F.  Dalsfrom.  m.  w.  s.  e.  :  Those  castings  were  very  unusual, 
were  they  not?    Were  they  iron  castings? 

Mr.  Link:  The  runners  were  cast  iron.  The  vanes  are  very 
thin,  the  thickest  part  being  not  more,  perhaps,  than  li/>  in.  They 
were  beautiful  castings,  in  fact,  about  the  finest  I  have  ever  seen 
when  size  is  considered. 

Mr.  Gerber:  \\^ere  the  blades  made  and  set  in  the  mould  and 
then  the  rings  cast  to  them  afterwards? 

Mr.  Link:  No.  Some  manufacturers  make  them  in  that 
manner,  but  they  use  plate  steel  for  the  vanes,  press  them  to  the 
proper  form,  set  them  in  the  mould,  and  then  cast  the  crown  plate 
and  discharge  ring. 

Mr.  Gerber:  We  sometimes  learn  through  dear  experience.  I 
think  Mr.  Barnes  has  some  illustrations  showing  how  not  to  do 
things. 

IV.  T.  Barnes,  m.  w.  s.  e.  :  In  looking  over  the  advance  paper 
some  of  the  photographs  reminded  me  very  forcibly  of  a  power 
house  foundation,  the  construction  of  which  it  was  my  privilege  to 
witness,  early  in  my  engineering  experience.  It  was  on  a  section 
of  work  adjacent  to  the  section  with  which  I  was  connected.     Al- 
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though  the  work  v\a>  not  under  my  direct  care,  it  came  under  my 
observation,  and  it  occurred  to  me  it  might  be  interesting  to  show 
some  views  for  the  benefit  of  the  younger  men,  illustrating  some  of 
the  things  to  look  out  for,  things  which  Mr.  Link  was  careful  to 
guard  against  in  his  excavations,  and  which  were  not  cared  for  as 
well  as  they  might  have  been  in  this  case. 

The  power  house  was  for  the  New  Bedford,  Mass.,  water 
works.  The  excavation  was  about  80  ft.  square  and  16  ft.  deep. 
The  method  adopted  (api)arently  rather  crude)  for  carrying  the 
bracing  from  side  to  side  across  the  excavation  was  similar  in 
appearance  to  that  adopted  in  this  case.  The  best  tongue  and  groove 
sheeting— 4  in.  Southern  Pine —  was  used,  which  gave  a  very  tight 
sheeting  around  the  pit.  The  method  of  bracing  was  to  drive 
round  ])iles  on  10  ft.  centers  in  two  directions  in  lines  across  the  pit 


Fig.  21 — Showing  Bracing 

and  then  to  fit  round  logs  tigiul\-  between  the  adjacent  i)iles  as 
braces,  giving  a  conii)lete  checkerboard  etiect,  the  same  as  in  the 
illustrations  showing  the  square  timber  braces.  The  braces  were 
tightly  fitted  to  the  piles  after  the  i)iles  had  been  blazed  on  the  four 
sides,  and  then,  of  course,  they  were  lightly  braced  to  the  walings  ; 
a  second  set  of  braces  was  added  as  the  excavation  proceeded,  four 
to  five  feet  lower  down,  and  a  third  set  as  they  came  down.  Al- 
though the  engineer  in  charge  protested  against  this  type  of  con- 
struction, the  claim  was  made  that  the  method  had  proved  suc- 
cessful on  other  jol)s.  so  its  use  was  allowed  in  this  work.  The 
excavation  hafl  been  in  water-bearing  sand,  but  on  approaching  the 
bottom  it  ran  in  (|uick  sand  and  recjuired,  I  believe,  two  S-in. 
pumps  to  keep  the  water  down.  The  sheeting  was  very  tight  except 
at  one  spot,  and  there  the  water  flowed  in  very  freely.  The  con- 
tractor bad   been   cautioned   about    allowing   it    to   continue,   but    it 
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provided  such  cold,  sparkling  drinking  water  that  he  allowed  it 
to  be  maintained  as  a  spring.  The  natural  surface  back  of  the 
sheeting  began  to  show  some  cracks,  the  first  12  ft.  away  and  a 
second  crack  a  little  further  away.  The  appearance  of  those  cracks 
should  have  emphasized  the  necessity  of  preventing  the  flow  of  the 
water  through  this  one  bad  place  in  the  sheeting. 


Fig.  22 — Showing  Cracking  of  Bank 


Fig.  23 — Showing  Location  of  Pile  Thrown  Out 

The  excavation  had  been  carried  down  to  within  about  1  ft. 
of  the  bottom  of  the  pit,  when  suddenly  one  of  those  round  piles, 
all  of  which  had  presumably  been  driven  well  below  grade,  shot 
into  the  air,  thus  loosening  the  entire  system  of  bracing,  and  you 
can  imagine  the  result :  The  whole  thing  collapsed,  not  immedi- 
ately, but  within  the  next  24  hours. 
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Figure  21  shows  the  bracing  as  the  excavation  was  progressing. 
The  sheeting  was  driven  by  a  pile  driver,  to  about  half  depth  at  the 
start,  and  after  two  sets  of  walings  were  put  in,  the  second  driving 
carried  it  some  distance  below  grade.  As  you  will  see,  the  sheeting 
had  been  driven  to  place  and  everything  was  in  very  good  shape. 
The  braces  were  practically  in  a  horizontal  plane  and  were,  in  effect, 


Fif;.  24 — Condition  After  Twenty-four  Hours 


V\v,.  2.1 — Progress  of  Work  .\bout  Six  W  tcks  After  Collapse 


continuous.  The  contractor  believed  he  coulil  get  the  foundation 
in  in  good  shape  with  that  system,  and  his  reason  for  using  the 
round  timbers  was  that  he  could  buy  them  at  low  cost  from  the 
timber  men  in  the  vicinity,  who  made  it  their  business  to  furnish 
piles  for  quite  a  large  territory  in  New  England. 

Figure  22  is  from  a  photograph  taken  on  the  day  that  the  pile 

Vol.  XIX.  No.  10 


Disciissidii — Coon   Rapids  Low  Head  I lydro-Iilcclric  Dcvclopuiciit    1015 

was  released  from  its  position,  and  shows  the  craeking  of  the  bank 
back  of  the  sheeting.  The  spring  which  I  referred  to  was  located 
about  5  ft.  above  grade,  and  the  cracks  which  had  developed  several 
days  before  were  merely  surface  cracks  not  having  caused  any  settle- 
ment, although  when  the  water  was  caught  in  a  glass  you  could  see 
that  it  was  really  bringing  in  sand.  The  contractor  was  cautioned 
not  to  allow  it  to  continue  because  of  the  voids  that  might  be  pro- 
duced back  of  the  sheeting. 

Figure  23  shows  the  location  of  the  pile  that  was  thrown  out. 
It  was  the  one  10  ft.  beyond  this  pile  that  went  up,  allowing  the 
bracing  in  four  directions  to  give  way. 

The  following  morning  it  had  reached  the  condition  shown  in 
Fig.  24,  which,  you  will  see,  is  hopeless.  If  I  remember  right,  it 
took  about  ten  weeks  to  remove  the  debris  and  get  to  the  point 
where  they  could  get  the  foundations  in  place.  They  made  no 
attempt  to  replace  the  sheeting  but  took  out  the  bank  on  a  slope. 

Figure  25  illustrates  the  work  some  five  or  six  weeks  after- 
wards, when  they  were  about  ready  tO'  attempt  a  portion  of  the 
timber  grillage;  it  was  a  very  slow  operation,  requiring  several 
weeks  before  they  could  get  the  balance  in. 

Some  of  the  lessons  to  be  drawn  from  these  illustrations  are: 
Look  out  for  water  carrying  sand  in  suspension.  Watch  for  cracks 
in  the  surface  of  the  soil  back  of  the  sheeting.  Don't  allow  the 
solidity  of  the  cofferdam  to  be  dependent  upon  the  integrity  of  the 
entire  system  of  bracing  as  a  single  unit. 
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17th  ANNUAL  MEETING  OF  THE  AMERICAN  MIN- 
ING CONGRESS 

REPORT  OF  UKLKOATK  JAMES   15.   GIRAND,    M.    W.   S.   E. 

The  American  Mining  Congress  met  in  its  17th  Annual  Session 
in  Phoenix,  Ariz.,  December  7th,  with  a  good  attendance.  An  in- 
teresting and  instructive  program  had  been  prepared,  and  between 
l)usiness  meetings  notable  social  events  were  planned,  so  there  were 
no  dull  moments  for  the  delegates. 

Addresses,  expressing  appreciation  of  the  honor  conferred  on 
State  and  City  by  the  meeting  of  the  Congress  and  extending  a 
hearty  welcome  to  the  delegates,  were  made  by  Judge  Joseph  E. 
Kibby,  Judge  Richard  E.  Sloan,  Governor  G.  W.  P.  Hunt  and 
Mayor  Geo.  U.  Young.  These  were  followed  by  five  minute  re- 
sponses from  the  leaders  of  each  State  delegation.  President  Wil- 
.son's  letter  of  greeting,  read  by  the  Secretary,  was  received  with 
much  applause.     The  President  said  in  part: 

"I  am  well  aware  of  the  important  part  played  by  your 
great  organization  in  the  creation  of  our  Bureau  of  Mines, 
and  am  sure  that  the  good  work  of  that  bureau  in  attempting 
better  to  safeguard  the  lives  of  the  2,000.000  men  employed  in 
the  hazardous  mining  and  metallurgical  industries  will  continue 
to  redound  to  your  credit,  as  well  as  to  the  credit  of  the  bureau 
itself.  It  will  always  be  a  tribute  to  your  foresight  and  energy 
that  this  new  P^ederal  organization  in  the  short  period  of  its 
existence,  with  the  kindly  co-operation  of  states  and  their 
agencies,  has  been  able  by  persistent  and  intelligent  effort,  to 
turn  an  isolated  local  movement  for  greater  safety  into  a  great 
national  movement  for  'safety  first'  and  has  already  gone  be- 
yond the  mining  industry  into  every  industry  of  the  country.  I 
venture  to  say  that  thousands  of  lives  have  been  saved  by  that 
movement  and  that  nian\'  thousands  more  will  l)e  saved  in  the 
future." 

TJie  annual  address  of  President  C'arl  Scholz  was  scholarly 
and  was  received  with  enthusiasm,  lie  brought  out  clearly  and 
emi)hatically  some  of  the  great  problems  that  face  the  mining  in- 
dustry. A  brilliant  rece])tion  to  the  President  and  other  officers  of 
the  Congress  followed. 

The  chief  jnirpose  of  this  session  of  the  American  Mining  Con- 
gress was  to  endeavor  to  take  the  gamble  out  of  mining  and  put 
it  on  a  sensible  safe  basis, — and  to  this  end  the  questions  receiving 
most  discussion  were  taxation,  legislation,  and  devising  means 
whereby  ca])ital  could  be  turned  toward  the  West,  (^n  the  subject 
of  taxation  there  were  sjiirited  and  heated  discussions.  The  j^rin- 
cii)al  address  on  this  subject  was  delivered  by  the  lion.  Thomas  K. 
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Campbell,  inember  of  the  Arizona  Tax  Commission,  and  a  recog- 
nized authority  on  taxation.  The  committee  on  taxation  of  mines 
presented  a  report  strongly  urging  the  valuation  of  mining  property 
on  the  basis  of  a  net  annual  production.  This  was  lirmly  opposed 
by  R.  C.  Allen,  State  Geologist  and  Mine  Appraiser  of  Michigan, 
who  upheld  the  ad  valorem  system.  After  much  discussion  the 
Congress  decided  to  take  no  definite  action  now  because  it  was  made 
plain  that  conditions  vary  widely  in  different  states. 

Legislation,  State  and  National,  was  a  subject  broadly  dis- 
cussed and  one  by  which  the  Congress  hopes  to  benefit  all  interests. 
Conservation  was  the  subject  of  a  splendid  address  by  Dr.  William 
Phillips  of  Texas,  who  favored  National  rather  than  State  con- 
servation. "Conservation,"  he  said,  "means  Government  control 
over  agencies  of  production,  which  we  have  not  been  able  to  control, 
ourselves,  to  the  best  advantage.  This  control  to  be  thoroughly 
eft'ective  must  be  exercised  by  the  State  or  the  Nation,  not  both. 
There  may  be  co-operation  in  work,  but  there  can  be  no  co-operation 
in  authority." 

Strong  objections  to  the  provisions  of^  the  bill  passed  by  the 
House  of  Representatives  at  the  last  session  of  Congress  and  now 
before  the  Senate  Committee  on  Public  Lands  "to  provide  for  the 
development  of  water  power  and  the  use  of  lands  in  relation  there- 
to," were  voiced  by  E.  A.  Wedgewood  of  Salt  Lake  City  in  a  paper 
on  "Conservation  of  Western  Water  Power  Resources."  "The  bill 
is  impracticable  from  a  business  standpoint  and  insuf^ficient  assur- 
ances of  co-operation  is  given  states  and  private  investors  by  the 
Federal  Government."  He  ably  emphasized  the  fact  that  Conser- 
vation of  Natural  Resources  demands  immediate  development  of 
available  water  powers. 

State  legislation  was  under  interesting  discussion,  one  of  the 
ablest  papers  being  that  of  the  Honorable  Walter  Douglas  of  Bis- 
bee.  "The  Mine  Inspection  Law,"  Mr.  Douglas  said,  "is  a  positive 
benefit,"  while  he  characterizes  the  eight-hour  law  as  "pernicious" 
in  that  the  average  wage  has  been  curtailed,  and  what  is  more  im- 
portant, the  opportunity  for  advancement.  W.  G.  Swart,  of  Colo- 
rado, declared  that  most  of  the  laws  detrimental  to  mining  are  passed 
because  of  ignorance.  He  said,  "it  is  up  to  us  to  educate,  to  let  the 
Legislatures  know  what  we  want,  and  we  want  nothing  more  than 
a  square  deal." 

Wild  catters  were  vigorously  scored  by  Dr.  Jas.  E.  Talmage  of 
Salt  Lake  City,  who  urged  all  mining  men  to  notify  the  United 
States  postal  authorities  whenever  an  offender  is  found. 

Will  L.  Clark  of  Jerome,  presented  the  report  of  the  Commit- 
tee on  General  Revision  of  Mining  Laws. 

On  the  subject  of  bringing  capital  Westward  and  the  protec- 
tion and  promotion  of  mining  interests,  Secretary  Callbreath's  ad- 
dress was  full  of  good  sound  logic.  In  part  he  said,  "The  West 
especially  needs  capital  intelligently  expended.  The  owner  of  a 
prospect  must  be  given  a  chance  to  develop,  and  the  investor  must 
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Ijc  assured  a  fair  show  for  his  money.  The  fakers  have  too  long 
held  the  reins  of  pubhcity,  by  vvhieh  the  West's  rich  prospects  have 
been  placed  before  the  public.  1  suggest  a  strong  organization  of 
mining  men  in  each  state,  a  sort  of  commission,  to  which  all  capi- 
talists will  be  urged  to  apply  for  advice  in  the  matter  of  placing 
their  money."  "Unity  is  the  keynote,  inducements  must  be  offered 
to  bring  capital  and  this  can  be  done  by  seeking  legislation  just  to 
the  investor."  The  Secretary  also  recommended  State  Chapters  of 
the  American  Mining  Congress. 

The  subject  of  mining  investments  and  the  restoration  of  pub- 
lic confidence  was  taken  up  and  the  report  of  the  committee  read 
and  interesting  talks  given.  Secretary  Callbreath  read  his  annual 
report,  showing  the  financial  condition  of  the  Congress. 

The  Congress  conferred  its  honorary  membership  this  year 
upon  Dr.  James  Douglas,  whose  prominence  in  the  mining  world  is 
well  known. 

The  election  of  officers  for  the  ensuing  year  resulted  as  follows: 
Carl  Scholz  and  J.  F.  Callbreath  were  unanimously  re-elected 
respectively  President  and  Secretary  for  the  ensuing  year. 

OFFICERS  OF  AMERICAN  MINING  CONGRESS. 

Carl  Scholz,  Chicago,  President. 

Harvey  Day,  Wallace,  Idaho,  First  Vice-President. 

M.  S.  Kemmerer,  New  York,  Second  Vice-President. 

Geo.  H.  Dern,  Utah,  Third  Vice-President. 

Jos.  F.  Callbreath,  Denver,  Secretary. 

EXECUTIVE   COMMITTEE. 

Carl  Scholz,  Chicago,  111. 

Charles  S.  Keith. 

Walter  Douglas,  Bisbee,  Ariz. 

BOARD  OF  DIRECTORS. 

S.  A.  Taylor,  Pittsburg. 

Carl   Scholz,   Chicago. 

C.  S.  Keith. 

Walter  Douglas,   Bisbee. 

S.  A.  Friedman,  Nevada. 

Faltin  Joslin,  Alaska. 

Place  of  next  meeting  not  yet  detenuined  upon. 

Perhaps  the  most  important  and  far-reaching  effort  of  imme- 
diate benefit  of  the  Congress  was  to  pass,  without  a  dissenting  vote, 
the  resolution  offered  by  Geo.  A.  Dern  of  Utah.  The  resolution 
sets  forth  the  condition  in  the  copper  mining  industry  of  the  We.st. 
Half  a  million  people  are  directly  affected  by  the  curtailment  of  pro- 
duction made  necessary  by  the  European  war.  The  National  Gov- 
ernment was  urged  to  use  all  possible  efforts  to  open  markets  for 
copper  and  to  afford  protection  to  shipments  of  copjier  in  neutral 
ships  to  neutral  ports. 
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Minutes  of  Meetings. 
Regular  Meeting,  December  7,  1914. 

A  regular  meeting  of  the  Society  (No.  880)  was  held  Monday  evening, 
December  7,  1914.  The  meeting  was  called  to  order  at  7  :4.j  p.  m.  by  Presi- 
dent Lee  with  about  180  members  and  guests  in  attendance. 

The  Secretary  reported  from  the  Board  of  Direction,  that  at  their  meet- 
ing that  afternoon  applications  for  admission  into  the  Society  had  been 
received  from  : 

Robert  M.  Diinlap,  2233  Orchard  street,  Chicago. 

Lawrence  J.  Mortenson,   Northwestern  Uhiversity  Settlement,  Evanston. 

Morton  Rocha  Hunter,  1570  Old  Colony  building,  Chicago. 

Jay  E.  Mason,  1735  Monadnock  block,  Chicago. 

Edwin  L.  Sinclair,  Tama,  Iowa. 

Franklin  Henry  Wolcver,  724  Oakdale  avenue,  Chicago. 

Also  that  the  following  had  been  elected  into  the  Society : 

Eugene  Adolph  Anderson,  2031  Harrison  street,  Evanston,  Student 
Member. 

Victor  H.  Bell,  Calexico,  CaL,  Junior  Member. 

Clarence  Sage  Roe,  506  So.  Capital  avenue,  Lansing,  Mich.,  Junior 
Member.- 

Marion  Den  Herder  Kolyn,  849  N.  La  Salle  street,  Chicago,  Associate 
Member. 

Horace  M.  Beebe,  7439  Oakwood  boulevard,  Chicago,  Associate  ]\Iember. 

The  Secretary  read  the  following  letter  from  President  Greensfelder  of 
the  Engineers'  Club  of  St.  Louis  to  President  Lee,  inviting  members  of  this 
Society  to  visit  the  library  and  reading  rooms  at  No.  3817  Olive  street,  St. 
Louis,  and  to  attend  their  meetings  when  it  was  convenient: 

"Mr.  E.  H.  Lee,  President, 

Western  Society  of  Engineers, 
Chicago,  111. 
Dear  Mr.  Lee : 

Several  times  our  attention  has  been  called  to  the  fact  that  frequently 
members  of  your  Society  visiting  St.  Louis  could  be  rendered  courtesies 
within  the  province  of  our  Cliib.  We  should  like  to  have  you  and  the 
members  of  the  Western  Society  feel  that  we  are  at  your  service  at  all 
times.  Our  Club  is  open  to  visitors  daily,  and  at  our  weekly  Wednesday 
evening  meetings  we  should  be  glad  to  welcome  engineers  w^ho  care  to 
avail  themselves  of  these  facilities.  We  should  also  be  pleased  to  have 
a  member  of  your  Society  present  a  paper  before  our  Club,  say  some- 
time in  January  or  February,  if  such  a  suggestion  meets  with  your 
approval. 

The  few  occasions  on  which  our  organizations  have  gotten  together 
proved  very  enjoyable  to  us  and  we  trust  that  the  friendly  feeling  then 
engendered  will  continue, 

■  With  personal  regards,  I  remain 

Yours  sincerely, 

(Signed)   A.  P.  GREENSFELDER, 

President." 

Prof.  John  F.  Hayford  was  then  introduced  and  addressed  the  meeting 
on  "The  Surveys  and  the  Decision  in  the  Costa  Rica-Panama  Boundary 
Arbitration."   This    was    an    interesting   talk   illustrated   by   sundry   maps    in 
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illustration  of  the  work  of  the  Arbitration  Commission.*  Discussion  fol- 
lowed from  President  Lee,  B.  E.  Grant,  M.  R.  Hunter.  F.  W.  UeVVolf  and 
O.  P.  Chamberlain,  with  replies  and  explanations  by  Prof.  Hayford  and  a 
description  of  unusual  experiences  by  Mr.  Wirt  Smith,  m.w.s.e.,  a  member  of 
the  survey. 

The  Entertainment  Committee  also  provided  some  moving  pictures  which 
were  well  received. 

I'he  meeting  adjourned  about  I0:1()  p.  m.  and  refreshments  were  served. 

Extra  Meeting,  December  14,  1914. 

An  extra  meeting  (Xo.  881).  in  the  interest  of  the  Bridge  and  Structural 
Section,  was  held  Monday  evening.  December  14,  1914.  The  meeting  was 
called  to  order  about  8  p.  m.  by  H.  C.  Lothholz,  member  of  the  executive 
committee,  with  about  50  members  and  guests  in  attendance. 

Nominations  for  members  of  the  executive  committee  of  the  Bridge  and 
Structural  Section  were  made  as  follows : 

For  Chairman  to  serve  one  year. 

F.  W.  Dencer  and  H.  C.  Lothholz  (one  to  elect). 
For  Vice-Chairman  to  serve  one  year, 

W.  S.  Lacher. 

For  members  of  the  executive  committee  to  serve  one  vear. 

O.    F.   Dalstrom,   T.   L.    D.    Hadwen  and  X.  M.  Stineman  (two  to 
elect). 

These  are  to  be  voted  on  at  the  next  meeting  of  the  Section,  Monday. 
January  11,  1915. 

Dr.  Hermann  von  Schrenk,  of  St.  Louis,  was  then  introduced  and  read 
his  very  interesting  paper  on  "Modern  Uses  of  Wood."  .\  large  number  of 
lantern  slides  were  used  to  illustrate  the  paper.  Discussion  followed  by 
W.  E.  Williams,  H.  C.  Lothholz,  F.  E.  Davidson,  Robert  S.  Lindstrom, 
Ernest  McCuUough,  E.  X^.  Layfield,  H.  E.  Goldberg,  with  replies  and  dis- 
cussion from  Dr.  von  Schrenk. 

At  the  conclusion  Mr.  DeBerard,  for  the  .\nnual  Meeting  and  Dinner 
Committee,  made  a  statement  about  the  Annual  Meeting  and  Dinner  to  be 
held  Wednesday,  January  l.'ith.  191"),  and  of  the  arrangements  that  are  being 
made  for  tliis  entertainment. 

Meeting  adjourned  about  10  p.  m. 

Extra  Meeting,  December  Ji,  IQ14. 

An  extra  meeting  of  the  Society  ( Xo.  882)  was  held  Monday  evening. 
December  21,  2914.  The  meeting  was  called  to  order  by  Mr.  G.  C.  D.  Lenth 
at  7  :55  p.  m.  with  aliout  ()5  memliers  and  guests  in  attendance.  Before  taking 
up  the  i)aper  for  the  evening  Mr.  Tomlinson  and  Mr.  Saner  of  the  committee 
luiving  in  charge  the  arrangements  for  the  .Annual  Meeting  and  Dinner,  told 
of  what  was  planned  and  what  had  l)een  done. 

The  chairman  then  introduced  Mr.  William  ().  Lichtner,  m.w.s.e..  of 
Boston,  Mass.  (associated  with  Mr.  San  ford  E.  Thompson,  Xewton  High- 
lands, Mass.),  who  read  their  paper  on  "Construction  Management."  This 
was  illustrated  with  a  few  lantern  slides.  Discussion  followed  from  Messrs. 
Lenth,  O.  P.  Chamberlain.  Ernest  McCullough.  J.  E.  Hayford,  V.  H.  Cenfield. 
M.  R.  Hunter.  Carl  Weber.  J.  W.  Lowell.  B.  C.  Groh,  with  replies  and 
explanations  by  Mr.  Lichtner.  Mr.  C.  A.  Keller  contributed  ti>  the  discussion 
by  a  letter  which  was  read  by  the  Secretary. 

Meeting  adjourned  about    1()::!0  p.  m. 

J    II.  W  AKKKK.  Secretary. 

•Tliis  i>;i|)cr  is  noi   fur  |>iililicatioii. 
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Automatic  Telephony.  Bj-  Arthur  Bessey  Smith  and  Wilson  Lee  Campbell. 
Cloth  ;  6  by  9  in. ;  ?)97  pages.  McGraw-Hill  Book  Company,  New  York 
and  London.     Price,  $4.00. 

•  A  resume  of  the  methods  of  automatic  and  semi-automatic  telephone 
operation,  circuits,  and  apparatus.  This  includes  all  those  systems  of  telephone 
exchange  equipment  in  which  the  operations  of  completing  connections  be- 
tween telephone  stations  are  to  a  greater  or  less  extent  performd  by  elec- 
trically-driven or  electrically-controlled  mechanical  devices,  as  distinguished 
from  the  familiar  type  of  equipment  operated  manually  by  expert  operators. 

No  effort  has  been  made  to  treat  the  subject  from  a  chronological  stand- 
point, and  the  principal  systems  in  service  at  the  present  time  are  described 
and  illustrated  by  very  carefully  drawn  circuit  diagrams  and  detailed  descrip- 
tions. The  principles  underlying'  the  various  systems  are  clearly  brought 
out,  although  in  one  or  two  cases  the  circuits  shown  are  not  the  latest  stand- 
ard of  practice  in  their  particular  classification. 

The  authors   frankly   state   that,   owing  to  the   necessity  of  keeping  the 

subject  matter  within   reasonable  limits,   " the   authors   have   found  it 

impracticable  to  narrate  the  full  details  of  the  practice  of  all  the  manufac- 
turers. They  therefore  have  described  fully,  typical  circuits  and  apparatus 
of  each  of  the  more  important  or  instructive  types  on  the  market,  but  have 
found  it  necessary  to  confine  their  discussion  of  such  subjects  as  traffic, 
development  studies,  central  office  building  design,  long  distance  lines  equip- 
ment, etc.,  to  the  practice  of  some  one  manufacturer.  Wherever  this  has 
been  found  necessary,  the  practice  of  the  Automatic  Electric  Company  has 
been  followed,  and  the  authors  feel  that  the  principles  and  methods  brought 
out  in  these  chapters  are  sufficiently  applicable  to  other  makes  of  equipment 
to  supply  the  wants  of  students  of  the  general  art."  On  this  basis  it  is  easy 
to  understand  the  apparent  undue  prominence  accorded  to  the  product  of  the 
Automatic  Electric  Company. 

The  chapter  on  trunking  is  very  clear  and  well  illustrated  and  will  be 
found  very  helpful  in  acquiring  an  initial  understanding  of  one  of  the  most 
marked  characteristics  of  automatic  telephone  switching,  while  the  chapter 
on  automatic  district  stations  touches  upon  a  development  possible  only  to 
automatic  telephone  systems,  of  the  greatest  importance  from  an  operating 
standpoint. 

Brief  chapters  are  devoted  to  the  discussion  of  traffic,  development 
studies,  cut-overs,  interconnection  of  exchanges,  measured  service,  and  subur- 
ban and  toll  arrangements,  while  the  subscribers'  station  apparatus  and 
auxiliary  equipment  for  mamtenance,  testing,  and  supervision  to  conform 
to  the  practice  of  the  Automatic  Electric  Company  is  carefully  described. 

The  volume  is  a  valuable  addition  to  the  scant  bibliography  of  the  sub- 
ject and  affords  a  means  by  which  the  engineer  in  general  practice  may 
obtain  a  clear  idea  of  the  present  trend  in  telephone  engineering,  while  it 
will  be  highly  prized  by  telephone  engineers  and  operating  staffs  as  a  book 
of  reference. — J.  G.  j\I. 

The  Regulation  of  Rivers.  By  J.  L.  Van  Ornum,  M.  Am.  Soc.  C.  E.,  Pro- 
fessor of  Civil  Engineering,  Washington  University,  formerly  U.  S. 
Assistant  Engineer.  McGraw-Hill  Book  Company,  New  York.  393  pages, 
&%  by  914  ins.,  cloth  bound,  many  illustrations.     Price,  $4.00. 

The  relation  between  transportation  on  waterways  and  on  railways  in 
past  years  has  been  a  neglected  factor  and  it  has  resulted  in  economic  loss 
and  commercial  waste. 

The  provisions  of  the  Mann-Elkins  and  other  acts  have  now  removed 
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the  most  serious  dangers  resulting  from  commercial  warfare  hetween  the 
transportation  lines.  Permits  of  the  Interstate  Commerce  Commission  grant- 
ing to  the  railroads  their  nuich-needed  increase  in  freight  rates  will  further 
tend  to  promote  the  public  utilization  of  the  cheapest  means  for  transporting 
those  products  best  suited  for  the  waterway  or  the  railway. 

The  first  chapter  of  iVlr.  Van  Ornum's  book  treats  upon  the  commercial 
considerations  of  river  navigation.  The  history  leading  to  present  conditions 
is  given,  together  with  the  reasons  why  the  situation  in  this  country  is  not 
normal.  The  author  gives  statistics  showing  that  water  transportation  i^ 
essentially  cheaper  for  certain  freight.  The  importance  of  terminal  and 
transfer  facilities  is  discussed  and  illustrated  by  plans  of  river  terminals  on 
the  Rhine. 

"European  experience  in  waterway  transportation  has  been  particularly 
productive  of  extensive  and  splendidly  equipped  terminals  on  those  channels 
whose  commerce  has  grown  the  most  rapidly.  The  Rhine  (which  carried 
over  55,000,000  tons  in  1912)  has  more  than  sixty  such  interior  harbors  for 
the  loading,  unloading  and  storage  of  freight,  at  about  two-thirds  of  which 
railway  connection  and  transfer  facilities  exist." 

In  this  connection  the  author  ornitted  to  mention  the  present  work  now 
being  done  in  the  Mississippi  Valley  to  develop  publicly-owned  terminals  at 
Davenport,  Dubuque,  Quincy  and  Kansas  City.  The  chapter  closes  with  a 
set  of  valuable  diagrams  showing  the  relation  between  draft  and  tonnage  of 
river  boats  with  the  cost  of  transportation  in  mills  per  ton-mile,  which  illus- 
trate the  reason  for  the  development  of  the  modern  type  of  barges. 

Chapter  2  deals  \yith  the  natural  laws  relative  to  river  floods,  reservoir 
control,  the  typical  plan  and  profile  of  the  meander  showing  the  deep  pool 
and  erosion  at  the  lands  and  the  bar  formation  in  the  crossings. 

"Illustrating  the  limiting  effect  of  the  crossings  it  may  be  stated  that, 
while  there  are  numerous  bars  of  only  G  or  7  feet  natural  depth  in  the  600 
miles  of  the  Mississippi  River  between  Cairo  and  Vicksburg,  the  average 
depth  at  low  water  between  these  two  cities  is  35  feet;  while  it  is  twice  this 
below  Vicksbilrg." 

A  short  chapter  is  given  on  investigations,  surveys,  etc..  Federal  control 
of  navigation  and  State  laws  limiting  riparian  ownership. 

Chapter  3  is  a  comparative  review  of  the  five  methods  employed  for  the 
improvement  of  rivers :  1,  by  regulation  of  the  stream ;  2,  by  dredging ;  3,> 
by  canalization;  4,  by  the  construction  of  a  lateral  canal;  5,  by  storage 
reservoirs.     The  relative  costs  and  merits  of  these  methods  are  discussed. 

Chapters  5,  6  and  7  take  up  the  principles  of  regulation,  works  of  channel 
contraction  and  the  protection  of  erodible  banks,  the  construction  of  groynes, 
mattresses,  spur  dikes,  revetments,  and  other  devices  for  regulating  the  cur- 
rent so  as  to  develop  more  uniform  depths  of  channel  and  stable  regimen. 

Chapter  8  is  on  dredging,  the  proper  location  for  most  effective  work, 
dredging  vs.  regulation  and  cost  of  dredging  operations.  The  average  cost 
of  dredging  operations  on  the  Lower  Mississippi  is  given  as:  18.1c  per  cubic 
yard,  including  operation  8.3c,  repair  7.7c  and  miscellaneous  2.1c. 

Under  Levees,  chapter  9,  flood  heights  and  protective  measures  are  dis- 
cussed. The  author  is  a  supporter  of  the  levee  system  and  points  out  that 
the  tendency  of  levee  systems  is  to  lower  the  elevation  of  the  bed  of  the 
stream. 

The  work  is  not  a  mere  compilation.  It  is  a  philosophical  review  of  the 
fundamental  principles  of  stream  flow,  the  agencies  effective  in  stream  regula- 
tion, together  witli  carefully  selected  t\  pical  examples  of  methods  and  struc- 
tures for  such  regulation  and  the  results  obtainable.  Reference  is  made  for 
authority  on  all  statistics. 

The  book  possesses  literary  merit  and  is  of  interest  not  only  to  engineers, 
but  also  to  the  non-technical  reader  who  is  interested  in  the  commercial 
development  of  river  navigation. — L.  K.  S. 
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Waves  of  Sand  and  Snow  and  the  Eddies  Which  Make  Them.  By 
Vaughan  Cornish.  The  Open  Court  Publishing  Company,  Chicago.  6  by 
9  in.,  383  pp. ;  many  illustrations  from  photographs  and  diagrams.  Cloth 
bound.     Price,  $2.50. 

A  very  interesting  book,  the  result  of  studies  in  many  parts  of  the  world, 
first  begun  nearly  twenty  years  ago  on  the  south  coast  of  England  in  observa- 
tion of  the  shaping  of  sand  drifts  by  the  wind  and  water.  Later  these 
studies  of  the  drifting  action  of  snow  under  wind  action  was  continued  at 
considerable  length  in  Canada. 

Studies  of  water  waves  were  made  by  Newton  and  the  theory  of  their 
creation  was  attributed  by  Dr.  Johnson  to  undulating  inequalities.  "Peri- 
odicity and  the  transmission  of  an  impulse  b\  the  material  are  the  aspects 
of  sea  waves  which  are  repeated  in  the  transit  of  light  and  sound,  and  owing 
to  the  analogies  we  speak  of  waves  of  light  and  sound." 

The  author  has  made  such  elaborate  study  of  waves  of  the  atmosphere, 
hydrosphere  and  lithosphere,  that  he  calls  the  subject  Kumatology  in  this 
book.  '1  ♦t!«i 

Part  I  considers  Aeolian  Sand  Waves  and  Aeolian  Sand  Ripples  with 
illustrations  from  photographs  of  their  shape,  formation,  changes,  and  migra- 
tion. 

In  part  II  consideration  is  given  to  snow  waves  and  snow  drifts,  showing 
variations  of  shape,  size,  similarity  to  such  creations  in  sands,  and  yet  differ- 
ing because  of  the  adherence  at  times  of  particles  of  snow,  whereas  the  sand 
is  seldom  adherent.  These  snow  studies  were  mostly  carried  out  in  the 
Canadian  Dominion.  One  of  the  curiosities  shown  from  photographs  are 
the  snow  muslirooms  which  form  on  stumps  and  may  be  as  much  as  nine 
feet  in  diameter  with  cavities  in  the  snow  below  them  and  about  the  stump 
roots,  caused  by  action  of  the  wind. 

In  part  III  the  author  takes  up  the  subject  of  sub-aqueous  sand  waves, 
which  covers  ripple  marks  and  current  marks  and  sand  waves  in  tidal  cur- 
rents. These  matters  have  some  application  to  a  study  of  the  bars  of  our 
own  Mississippi  River.  The  result  of  these  studies  the  author  has  applied 
to  a  study  of  watery  sands,  quick-sands  and  the  ripple  clouds  which  we  call 
a  mackerel  sky.  Much  of  the  author's  previous  investigations  he  finds 
applicable  to  such  celestial  phenomena.  Taken  in  all,  the  book  with  its 
many  illustrations  is  full  of  interest. 

The  Life  and  Work  of  Newton  (Essays).  By  Augustus  DeMorgan ;  edited 
with  notes  and  appendices  by  Philip  E.  B.  Jourdain.  The  Open  Court 
Publishing  Company,  London  and  Chicago.  5  by  lYz  in.  Cloth.  Price, 
$1.25. 

It  is  very  satisfying,  and  often  the  practice,  to  indulge  in  a  little  un- 
deserved hero  worship  when  we  review  the  lives  and  works  of  our  great 
philosophers  and  scientists.  In  fact,  our  appreciation  of  their  greatness  in 
practical  matters  leaves  no  place  in  their  characters  for  the  natural  short- 
comings of  man. 

But  this  is  not  Mr.  DeMorgan's  idea.  Instead,  he  shows  us  how  per- 
fectly human  it  is  for  a  man  to  be  great.  The  stand  he  has  taken  in  the 
case  of  Sir  Isaac  Newton  may  be  gleaned  from — "as  a  man  of  high  principle, 
no  one  who  knows  his  history  can  deny.  But  when  injustice  is  not  merely 
concealed  but  openly  defended;  when  meanness  is  represented  as  the  right 
of  a  great  philosopher;  when  oppression  is  tolerated  and  its  victims  are  made 
subjects  of  obloquy  because  they  did  not  submit  to  whatever  Newton  chose 
to  inflict;— then  it  becomes  the  duty  of  the  biographer  to  liear  more  hardly 
upon  instances  of  those  feelings  than  *  *  *  *  necessary. 

This  is  one  side  of  Newton  that  is  new  to  many  of  us.  However  great 
a  man  he  may  have  been,  he  was  no  less  a  temperamental  one.  When  he 
had  become  a  ruler  among  scientists  he  was  dissatisfied  because  he  was  not 
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the  monarch.  Mr.  DeMorgan  does  not  convey  the  idea  that  Newton  was 
unscrupulous  in  his  dealings  but  rather  that  he  at  times  did  resort  to  subter- 
fuges to  avoid  an  exchange  of  ideas  with  his  fellow  scientists. 

Especially  is  this  noticeable  in  the  history  of  his  development  of  fluxions 
known  now  as  differential  calculus.  At  this  time  Leibniz  was  also  working 
on  this  theory  and  very  openly  offered  to  compare  notes  with  Newton.  This 
Newton  very  skillfully  avoided,  to  the  end  that  he  was  given  full  credit  by 
the  Royal  Society. 

This  is  Init  one  of  the  instances  which  lead  us  to  a  closer  acquaintance 
with  the  real  Newton,  but  none  of  which  detract  the  least  from  the  greatness 
of  his  work.  In  fact  the  very  instances  which  Mr.  DeMorgan  explains  so 
fully  and  which  shatter  some  of  our  idealistic  conceptions  as  regard  intel- 
lectual superiority,  really  make  Newton  so  human  that  we  cease  to  think  of 
him  as  a  calculating  genius  who  added  so  much  to  our  mathematical  capacity 
I)esides  giving  us  our  fundamental  laws  of  gravitation,  Ijut  rather  as  one  of 
us  who,  as  Mr.  DeMorgan  puts  it,  could  intellectually  ''outdistance  us  in  a 
foot-race  and  at  the  same  time  carry  more  than  we  could  lift." 

It  is  a  pleasant  diversion  to  read  such  a  biography  which  tells  us  of  the 
man  rather  than  chronicles  the  events  of  his  life  which  would  for  the  pur- 
poses of  the  book  be  just  as  effective  inaccurate  as  accurate. — J.  E.  M. 

American  Sewer.\c.e  Practice.  Vol.  I.  Design  of  Sewers  by  Leonard  Met- 
calf  and  Harrison  P.  Eddy,  Consulting  Engineers.  Boston,  Mass.  Mc- 
Graw-Hill Book  Co.,  New  York  and  London,  1914.  Cloth,  6^1x9  inches. 
Price,  $5.00  net. 

This  book  is  the  first  of  three  volumes  on  American  Sewerage  Practice; 
the  second,  treating  of  construction  of  sewers,  being  now  in  the  press,  and 
the  third,  dealing  with  the  design  of  works  for  the  treatment  and  disposal  of 
sewage,  being  still  in  preparation. 

This  work  was  inspired  by  the  lack  of  definite  data  on  the  subject,  col- 
lected and  arranged  in  such  convenient  form  as  to  make  it  readily  available 
in  actual  design,  and  also  by  the  lack  of  uniform  and  standard  practice  among 
the  sanitary  engineers  of  the  country.  It  is,  therefore,  essentially  a  practical 
l)ook  and  is  a  most  valuable  addition  to  the  literature  on  a  subject  which, 
owing  to  its  apparent  simplicity  and  the  indefinite  nature  of  some  of  the  ele- 
ments involved,  has  too  often  been  treated  in  generalities  which  have  been, 
of  little  use  to  the  designing  engineer. 

This  book  is  written  by  designing  and  consulting  engineers  of  the  high- 
est ability  and  reputation,  and  gives  to  the  profession  the  results  of  their 
study  and  practice  presented,  not  in  general  terms  which  leave  the  designer 
with  little  but  the  knowledge  of  the  size  of  the  task  before  him,  but  in  a  defi- 
nite and  explicit  manner  in  which  it  is  of  greatest  value.  In  short,  the  re- 
\iewer  believes  this  volume  to  be  the  most  complete  and  usable  treatise  on 
])ractical  sewer  design  yet  published. 

The  volume  is  divided  into  seventeen  chapters  and  is  replete  with  tables 
and  diagrams  of  useful  data  and  illustrations  of  existing  works. 

The  introduction  is  an  historical  sketch  of  sewerage  practice  up  to  the 
I)resent  day  and  the  lessons  wliich  have  been  learned  from  the  experience  of 
the  i)ast. 

Chapter  1  discusses  the  general  requirements  and  the  arrangement  of 
sewerage  systems  and  gives  exami)les  of  existing  tlesigns,  an  interesting  and 
unusuaj  feature  being  a  discussion  of  the  dei)rociation  of  sewers. 

Chapters  11,  111  and  IV  treat  the  hydraulics  oi  sewer  design.  They  dis- 
cuss the  elements  involved,  give  a  vast  amount  of  useful  and  pertinent  data, 
tables,  diagrams,  and  formulae,  suggest  proper  assumptions  and  standards 
for  the  inclelinitc  elements  involved  in  sewer  hydr.iulics,  and  discuss  some 
opinions  of  engineering  authorities  on  imiinrtant  subjects  where  .\merican 
practice  varies. 

Chapters  V  to  IX.  inclusive,  discuss  the  (juantity  of  sewage  to  be  carried 
by  ;i  proposed  .system.    This  most  important  factor  of  sewer  design  is  treated 
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exhaustively,  and  these  chapters  include  a  great  amount  of  useful  data 
obtained  from  the  study  and  design  of  sewerage  works  throughout  the  coun- 
try. All  of  the  recognized  formulae  are  given  and  discussed  and  comparisons 
are  made  in  many  cases  where  actual  records  are  available. 

Chapters  X  to  XIII,  inclusive,  deal  largely  with  structural  details  of 
design  and  discuss  the  form,  character,  and  design  of  various  pipes  and 
masonry  sewers  which  are  in  use.  A  great  many  examples  of  sewer  design 
are  shown  and  one  chapter  is  devoted  entirely  to  the  design  of  masonry 
arches. 

Chapters  XIV,  XV  and  XVT  are  devoted  to  sewer  accessories  and  give 
many  illustrations  of  inlets,  junctions,  and  similar  structures. 

Chapter  XVII,  ''Sewage  Pumping  Stations,"  is  a  general  discussion  of  the 
subject.  It  takes  up  the  factors  which  determine  the  necessity  for  such  plants 
and  the  solution  of  their  size  and  location.  The  principal  types  of  pumping 
machinery  are  discussed  and  a  number  of  existing  plants  are  illustrated  and 
explained. 

This  volume  will  form  a  valuable  addition  to  the  library  of  the  Sanitary 
Engineer  and  it  is  heartily  recommended  to  those  engaged  in  sewer  design. 

D.  A.  G. 
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CONSTITUTION 


ARTICLE  I. 

NAME  AND  LOCATION. 

Section  1.  The  name  of  this  Association  shall  be  the  Western  Society  of 
Engineers. 

Sec.  2.     The  offices  of  the  Society  shall  be  located  in  the  city  of  Chicago. 

ARTICLE  II. 

OBJECT  AND   MEANS. 

Section  1.  The  object  of  this  Society  shall  be  the  advancement  of  the 
science  of  engineering,  and  the  best  interests  of  the  profession. 

Sec.  2.  Among  the  means  to  be  employed  shall  be  meetings  for  the  reading 
and  discussion  of  appropriate  papers  and  matters  of  engineering  interest,  and 
for  professional  and  social  intercourse;  the  collection  of  a  library,  and  the 
publication  of  such  parts  of  the  transactions  as  may  be  deemed  expedient. 

Sec.  3.  The  Society  shall  neither  endorse  nor  recommend  any  individual 
or  any  scientific  or  engineering  production,  but  the  opinion  of  the  Society  may 
be  expressed  on  such  subjects  as  affect  the  public  welfare. 

ARTICLE    III. 

MEMBERSHIP. 

Section  1.  The  membership  of  the  Society  shall  consist  of  Honorary 
Members,  Members,  Associate  Members,  Junior  Members,  Student  Members, 
and  Affiliated  Members.  The  Honorary  Members,  Members,  and  Associate 
Members  shall  constitute  the  Corporate  Membership  of  the  Society  and  shall 
have  the  exclusive  right  to  vote  and  hold  office.  But  members  of  all  grades 
shall  have  the  right  to  vote  and  hold  office  in  the  various  Sections,  except  as 
hereinafter  provided. 

Sec.  2.  An  Honorary  Member  shall  be  a  person  of  acknowledged  emi- 
nence in  some  branch  of  engineering,  or  the  sciences  related  thereto,  or  who 
has  rendered  some  special  service  to  the  engineering  profession. 

Sec.  3.  A  Member  shall  be  an  engineer.  He  shall  be,  at  the  time  of  his 
admission  to  this  grade,  not  less  than  thirty  years  of  age,  and  shall  have  been 
engaged  in  engineering  work  for  not  less  than  ten  years.  He  shall  be  qualified 
to  design  as  well  as  to  direct  engineering  works,  and  shall  have  had  respon- 
sible charge  of  work  for  not  less  than  five  years. 

Sec.  4.  An  Associate  Member  shall  be  an  engineer.  He  shall  be,  at  the 
time  of  his  admission  to  this  grade,  not  less  than  twenty-five  years  of  age, 
and  shall  have  been  engaged  in  engineering  work  for  not  less  than  five  years. 

Sec.  5.  A  Junior  Member  shall  have  been  engaged  in  engineering  work 
for  not  less  than  two  years,  and  shall  be  a  person  who  is  not  eligible  to  Cor- 
porate Membership.  His  connection  with  the  Society  shall  terminate  with  the 
calendar  year  in  which  he  becomes  twenty-eight  years  of  age  unless  he  shall 
have  previously  been  transferred  to  another  grade. 
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Sec.  6.  A  Student  Member  shall,  at  the  time  of  his  admission,  be  an 
undergraduate  in  the  Junior  or  Senior  year  in  an  engineering  school  of 
recognized  standing.  His  connection  with  the  Society  shall  terminate  with 
the  calendar  year  following  the  one  in  which  he  becomes  eligible  to  Junior 
Membership,  and  not  in  any  case  later  than  the  end  of  the  third  calendar 
year  after  his  admission,  unless  previously  transferred  to  another  grade. 

Sec.  7.  An  Affiliated  Member  shall  be  a  person  interested  in  the  advance- 
ment of  engineering  or  technical  knowledge. 

Sec.  8.  In  determining  the  eligibility  of  candidates  to  the  above  grades  of 
membership,  graduation  from  an  engineering  school  of  recognized  standing 
shall  be  counted  as  two  years  of  active  practice,  and  the  performance  of  the 
duties  of  a  professor  of  engineering  in  a  school  of  recognized  standing  shall 
be  considered  equivalent  to  responsible  charge  of  engineering  work.  Scientists 
in  lines  relating  to  engineering  shall  be  regarded  as  engineers  within  the  mean- 
ing of  this  Constitution. 

Sec.  9.  On  adoption  of  the  above  articles,  all  persons  holding  the  grade 
of  Active  Member  prior  to  January,  1911,  shall  be  eligible  to  grade  of  Mem- 
ber, or  Associate  Member,  as  they  may  elect,  and  those  persons  holding 
grade  of  Associate  Member  shall  be  classified  as  Affiliated  Members.  Those 
Active  Members  not  notifying  the  Secretary  of  their  election  as  to  grade  by 
July  1,  1911,  shall  be  considered  to  have  elected  to  take  the  grade  of  Associate 
Member. 

ARTICLE   IV. 

ADMISSIONS. 

Section  1.  All  elections  to  membership  in  the  Society  shall  be  made  by 
the  Board  of  Direction.  The  affirmative  vote  of  a  majority  of  the  entire 
membership  of  the  Board,  cast  by  letter-ballot  if  necessary,  shall  be  required 
for  election  to  all  grades  except  Honorary  Member,  in  which  case  the  election 
shall  be  by  ballot,  and  an  affirmative  vote  of  three-fourths  of  the  entire 
membership  of  the  Board  shall  be  required. 

Sec.  2.  Honorary  Members  shall  be  proposed  in  writing  by  at  least  fifteen 
Corporate  Members,  who  shall  state  the  reason  for  the  proposal.  A  person 
elected  to  Honorary  Membership  shall  be  promptly  notified  by  letter  of  his 
election.  The  election  shall  be  void  if  an  acceptance  is  not  received  within 
three  months  after  the  mailing  of  such  notice. 

Sec.  3.  All  applications  for  admission  or  transfer  shall  be  in  such  form 
as  the  Board  of  Direction  may  prescribe;  they  shall  be  signed  by  the  applicant, 
and  shall  contain  a  promise  to  conform  to  the  requirements  of  membership, 
if  elected.  Applications  for  Corporate  and  Junior  Membership  shall  embody 
a  concise  statement  of  the  candidate's  education  and  professional  experience, 
with  dates  and  descriptions  of  work  in  which  he  has  been  engaged. 

Applications  for  admission  or  transfer  to  grade  of  Member,  Associate 
Member,  and  Affiliated  Member  shall  refer  to  at  least  five  Corporate  Members, 
and  applications  for  admission  to  Junior  grade  (except  as  follows)  to  at 
least  three  Corporate  Members  to  whom  the  applicant  is  personally  known. 
Applications  for  Student  grade,  or  for  Junior  grade  when  candidate  makes 
application  after  graduation  from  an  engineering  school,  shall  (or  in  case 
of  Junior  grade,  may)  refer  only  to  tlic  Dean  or  other  authority  of  the 
engineering  school  vvJiich  the  applicant  is  attending,  or  has  attended. 

If  satisfactory  information  has  not  been  received  from  tiic  requisite  num- 
ber of  references,  the  Secretary  shall  call  on  the  applicant  for  additional 
references,  and  the  application  shall  not  be  considered  by  the  Board  of  Direc- 
tion until  the  requisite  number  has  been  obtained,  except  that  applicants  who 
may  not  be  personally  known  to  the  requisite  number  of  Corporate  Members 
mav  be  recommended  for  membership  by  three  members  of  the  Board  after 
having  sicured  evidence  sufficient  in  (heir  opinion  to  show  that  the  applicant 
is  worthy  of  admission. 

Sec.  4.  All  applications  shall  be  read  at  a  meeting  of  the  Board  of 
Direction,  and  shall  then  be  referred  to  the  Membership  Committee,  which 
shall  examine  them  and  report  its  recommendations  to  the  Board  at  a  future 
meeting,  after  which  they  shall  be  re-read  and  submitted  to  a  vote. 
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Sec.  S.  The  names  of  all  applicants  shall  be  promptly  sent  to  each  Cor- 
porate Member  with  a  request  for  information  in  regard  to  the  qualifications 
of  the  applicant  for  membership  in  the  Society. 

Sec.  6.  Any  applicant  for  membership  or  transfer,  whose  application  may 
have  been  rejected  by  the  Board  of  Direction,  may  make  a  new  application 
after  one  year  from  the  date  of  the  rejection  of  his  previous  application. 

Sec.  7.  Each  elected  candidate  shall  be  duly  notified  and  shall  subscribe  to 
the  Constitution,  and  pay  his  entrance  fee  and  dues.  If  these  provisions 
are  not  complied  with  within  three  months  from  the  notification  of  election, 
such  election  shall  be  void,  unless  for  special  reason  the  time  shall  be 
extended  by  the  Board  of  Direction.  Membership  of  any  person  shall  date 
from  the  day  he  subscribes  to  the  Constitution  and  pays  his  dues. 

Sec.  8.  A  member  of  any  grade  may  resign  his  membership  by  a  written 
communication  to  the  Secretary,  who  shall  present  the  same  to  the  Board 
of  Direction  at  its  next  meeting;  when,  if  all  of  his  dues  shall  have  been 
paid,  his  resignation  shall  be  accepted. 

Sec.  9.  All  members  whose  address  on  the  records  of  the  Society  is 
within  fifty  miles  of  the  post  office  in  the  city  of  Chicago  shall  be  deemed 
resident ;  and  those  whose  address  is  beyond  that  limit  shall  be  deemed  non- 
resident. 

The  classification  of  any  member  for  the  fiscal  year  as  resident  or  non- 
resident shall  be  determined  by  the  records  of  the  Society  as  they  may 
appear  on  January  1st  of  that  year,  except  as  may  be  allowed  in  special 
cases  by  the  Board  of  Direction. 

ARTICLE  V. 

FEES   AND   DUES. 

Section  1.  The  entrance  fees  and  annual  dues  for  the  various  grades  of 
membership  in  the  Society  shall  be  as  follows : 

Entrance  Fee  Annual  Dues 

Resident.     Non-Resident. 

Honorary  Member  None.  None.  None. 

Member    $15.00  $15.00  $10.00 

Associate  Member    12.50  12.50  8.50 

Affiliated  Member  12.50  12.50  8.50 

Junior  Member   5.00  7.50  5.00 

Student  Member  1.00  2.50  2.50 

From  each  of  these  annual  dues  $2.00  shall  be  set  aside  as  subscription 
to  the  Journal. 

On  transfer  of  a  member  to  a  higher  grade,  the  entrance  fee  previously 
paid  by  him  shall  be  credited  against  his  entrance  fee  to  his  new  grade. 

Sec.  2.  The  annual  dues  shall  be  payable  in  advance  and  shall  become  due 
on  the  fifteenth  day  of  January  for  the  current  year.  It  shall  be  the  duty  of 
the  Secretary  to  notify  each  member  of  the  amount  due  for  the  current  year 
within  three  days  after  the  Annual  Meeting. 

Sec.  3.  Persons  elected  to  any  grade  of  membership  in  the  Society  after 
the  first  two  months  of  any  fiscal  year  have  expired,  shall  pay  only  such 
amount  of  dues  for  that  fiscal  year  as  is  proportional  to  the  part  of  the  year 
remaining.  For  the  purpose  of  reckoning  the  proportional  amount  of  dues 
to  be  paid,  the  year  shall  be  divided  into  six  periods  of  two  months  each. 

Sec.  4.  Any  person  whose  dues  are  more  than  three  months  in  arrears 
shall  be  notified  by  the  Secretary.  Should  the  dues  not  be  paid  when  they 
become  six  months  in  arrears,  he  shall  lose  the  right  to  vote  or  to  receive  the 
publications  of  the  Society.  Should  his  dues  become  nine  months  in  arrears, 
he  shall  again  be  notified  in  form  prescribed  by  the  Board  of  Direction,  and 
if  such  dues  become  one  year  in  arrears,  he  shall  forfeit  his  connection  with 
the  Society.  The  Board,  however,  may  for  cause  deemed  by  it  sufficient, 
extend  the  time  for  payment  and  for  the  application  of  these  penalties. 
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Sec.  5.  The  Board  of  Direction  may,  for  good  reason  assigned,  tem- 
porarily excuse  any  member  from  payment  of  annual  dues,  and  said  Board 
may  remit  the  whole  or  part  of  dues  in  arrears,  or  accept  in  lieu  thereof 
desirable  additions  to  the  property  of  the  Society. 

Sec.  6.  Every  person  admitted  to  the  Society  shall  be  considered  a  member 
thereof,  and  shall  be  liable  for  the  payment  of  all  dues  until  he  shall  have 
resigned,  been  expelled,  or  have  been  relieved  from  the  payment  of  said  dues 
by  the  Board  of  Direction  or  by  the  provisions  of  this  Constitution. 

Sec.  7.  Corporate  Members  over  sixty  years  of  age  shall  cease  to  pay 
dues  after  thirty  years  of  continuous  membership. 

Sec.  8.  The  fiscal  year  shall  commence  with  the  first  day  of  January  each 
year. 

ARTICLE  VI. 
officers. 

Section  1.  The  officers  of  the  Society  shall  be  a  President,  three  Vice- 
Presidents,  a  Secretary,  an  Editor,  a  Treasurer,  and  three  Trustees. 

Sec.  2.  The  officers  of  each  Section  shall  be  a  Chairman,  a  Vice-Chair- 
man, and  three  Directors,  who  shall  constitute  its  Executive  Committee. 

Sec.  3.  Vacancies  in  any  offices  of  the  Society  shall  be  filled  for  the 
unexpired  term  by  the  Board  of  Direction,  without  unnecessary  delay. 
Vacancies  in  any  offices  of  a  Section  shall  be  filled  in  like  manner  by  the 
Executive  Committee  of  that  Section. 

Sec.  4.  The  management  of  the  Society  shall  be  vested  in  a  Board  of 
Direction,  consisting  of  the  President,  three  Vice-Presidents,  the  Treasurer, 
three  Trustees,  the  three  latest  Past-Presidents,  who  continue  to  be  members, 
and  the  Chairmen  of  the  Sections. 

ARTICLE  VII. 

NOMINATION   AND   ELECTION   OF  OFFICERS. 

Section  1.  The  President,  Vice-President,  Second  Vice-President,  Third 
Vice-President,  and  Treasurer  shall  be  Corporate  Members,  and  shall  be 
elected  annually.  They  shall  hold  their  offices  for  one  year  and  until  their 
successors  are  elected  and  qualified.  The  Trustees  shall  be  Corporate  Mem- 
bers and  shall  hold  office  for  three  years,  one  Trustee  being  elected  each 
year. 

Sec.  2.  The  Secretary  and  the  Editor  shall  be  elected  annually  by  the 
Board  of  Direction  at  a  meeting  to  be  held  within  ten  days  after  the  Annual 
Meeting  or  at  an  adjournment  thereof.  They  shall  hold  office  for  one  year, 
or  until  their  successors  are  elected  and  qualified,  provided  that  a  majority 
of  the  entire  Board  shall  be  required  to  elect  these  oflficers.  This  vote  to  be 
given  by  letter-ballot,  if  necessary. 

Sec.  3.  Candidates  for  all  offices,  except  those  of  Secretary  and  of 
Editor,  may  be  nominated  by  petitions  subscribed  to  by  not  less  than  ten 
Corporate  Members  of  the  Society.  All  such  petitions  must  be  addressed  to 
the  Board  of  Direction  and  shall  be  presented  at  or  before  the  regular 
December  meeting.  These  petitions  shall  be  filed  for  inspection  of  members 
of  the  Society,  but  shall  not  be  published. 

Sec.  4.  It  shall  be  the  duty  of  the  Secretary  to  send  to  each  Corporate 
Member  of  the  Society  at  least  thirty  days  before  the  regular  December  meet- 
ing a  blank  form  of  petition,  stating  the  various  offices  to  be  filled,  together 
with  a  copy  of  those  sections  of  the  Constitution,  or  Rules,  which  relate  to 
the  election  of  officers. 

Sec.  5.  All  petitions  received  by  the  Board  of  Direction  shall  be  can- 
vassed by  them  at  their  regular  December  meeting.  Those  candidates  who 
are  found  to  lie  eligible  to  office  and  who  have  received  petitions  from  not 
less  than  ten  Corporate  Members  shall  be  declared  to  be  nominated.  Each 
nominee  shall  be  promptly  notified  of  his  nomination.  In  case  a  candidate 
should  be  nominated   for  more  than  one  office  he  shall  be  allowed  to  accept 
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only  one  nomination.  The  Board  shall  make  such  nominations  as  may  be 
required  to  fill  out  the  ticket  if  it  is  found  that  no  candidates  have  been 
nominated,  or  accepted  nomination,  for  any  office. 

Sec.  6.  The  President  shall  not  be  immediately  eligible  for  re-election. 
No  member  in  arrears  shall  be  eligible  for  office. 

Sec.  7.  At  least  three  weeks  before  the  Annual  Meeting  there  shall  be 
sent  to  each  Corporate  Member  a  letter-ballot  with  envelopes  for  voting. 
This  ballot  shall  contain  all  nominations  made  in  accordance  with  this 
Article.  The  names  of  nominees  for  any  one  office  shall  be  arranged  alpha- 
betically without  distinguishing  marks  of  any  kind. 

Sec.  8.  Each  voter  shall  indicate  his  choice  for  each  office  by  making  a 
cross  (X)  opposite  the  name  of  each  candidate  voted  for.  The  ballot  must 
then  be  placed  in  a  blank  envelope,  sealed,  and  then  enclosed  in  an  envelope 
addressed  to  the  Secretary  and  endorsed  with  the  voter's  signature. 

Sec.  9.  The  polls  shall  close  at  12  o'clock,  noon,  on  the  Friday  next  before 
the  Annual  Meeting,  and  the  ballots  shall  be  canvassed  publicly  by  three 
Judges  of  Election  appointed  by  the  President. 

Sec.  10.  The  Secretary  shall  furnish  the  Judges  of  Election  with  a 
certified  list  of  all  Corporate  Members  entitled  to  vote,  and  all  ballots  from 
others  shall  be  opened  and  destroyed. 

Sec.  11.  The  Judges  shall  meet  in  the  rooms  of  the  Society  at  the  timt 
of  the  closing  of  the  polls.  Two  Judges  shall  constitute  a  quorum.  In  the 
absence  of  a  quorum  the  President  shall  appoint  to  fill  the  vacancies.  The 
Judges  shall  take  the  poll  list  and  ballots  from  the  Secretary  and  proceed  to 
canvass  the  same  as  follows : 

(a)  The  envelopes  shall  be  checked  and  all  those  received  from  members 
not  entitled  to  vote  shall  be  rejected,  (b)  The  return  envelopes  shall  be  re- 
moved and  destroyed,  (c)  The  ballot  envelopes  shall  be  opened,  the  ballots 
counted,  and  a  statement  of  the  votes  prepared  and  signed  by  the  Judges.  All 
votes  shall  be  counted  for  those  candidates  for  whom  the  voter  has  plainly 
indicated  his  choice. 

Sec.  12.  The  Judges  shall  report  the  result  of  the  canvass  to  the  Board 
of  Direction  which  shall,  by  resolution,  declare  elected  to  their  respective 
offices  those  candidates  who  have  received  a  plurality  of  the  votes  cast.  In 
case  of  a  tie  vote  between  two  or  more  candidates  for  the  same  office,  the 
Board  shall  decide  by  ballot  between  the  candidates  thus  tied. 

Sec.  13.  At  the  Annual  Meeting  the  President  shall  announce  the  result 
of  the  election,  and  the  officers-elect  shall  assume  their  duties  immediately 
upon  such  announcement. 

ARTICLE  VIII. 

DUTIES    OF    OFFICERS     AND    COMMITTEES. 

Section  1.  The  President  shall  have  general  supervision  of  the  affairs  of 
the  Society.  He  shall  preside  at  meetings  of  the  Society  and  of  the  Board  of 
Direction  at  which  he  may  be  present,  shall  appoint  all  committees  not  other- 
wise provided  for,  and  shall  be  ex-officio  member  of  all  committees.  He 
shall,  with  the  Secretary,  sign  all  contracts  or  other  written  obligations  of  the 
Society  which  have  been  approved  by  the-  Board.  At  the  Annual 
Meeting  the  President  shall  present  a  report  containing  a  statement  of  the 
general  condition  of  the  Society  and  an  address. 

The  Vice-Presidents  in  order  of  seniority  shall  preside  at  meetings  in  the 
absence  of  the  President,  and  discharge  his  duties  in  case  of  a  vacancy  in  the 
office. 

Sec.  2.  The  Board  of  Direction  shall  manage  the  affairs  of  the  Society  in 
conformity  with  the  laws  under  which  the  Society  is  organized  and  the  pro- 
visions of  the  Constitution.  It  shall  hold  regular  meetings  at  least  once  every 
month.  Special  meetings  shall  be  called  at  the  written  request  of  three 
members  of  the  Board,  or  upon  the  order  of  the  President.  One-half  of  the 
entire  membership  of  the  Board  shall  constitute  a  quorum. 
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The  Board  of  Direction  shall  supervise  the  investment  and  care  of  the 
funds  of  the  Society;  make  appropriations  for  specific  purposes;  act  upon 
applications  for  membership  as  hereafter  provided;  and  generally  direct  the 
business  of  the  Society.  At  least  one  month  before  the  Annual  Meeting  it 
shall  appoint  an  Auditing  Committee  to  consist  of  three  members,  no  one  of 
whom  shall  be  a  member  of  the  Board,  whose  duty  shall  be  to  examine  and 
certify  the  accounts  of  the  Treasurer  and  Secretary.  It  shall  cause  a  record 
of  all  its  proceedings  to  be  kept  and  preserved  by  the  Secretary  and  shall 
make  an  Annual  Report  at  the  Annual  Meeting,  transmitting  the  report  of 
the  Secretary,  the  Treasurer,  and  of  other  officers  and  of  committees.  It 
shall  fill  from  the  Corporate  Membership  of  the  Society  any  vacancy  which 
may  occur  among  the  officers  of  the  Society,  but  said  appointment  for  such 
unexpired  term  shall  not  render  the  member  appointed  ineligible  as  a  candi- 
date at  the  next  annual  election. 

The  Board  of  Direction  shall  meet  on  the  day  fixed  for  closing  of  the 
polls,  to  receive  and  canvass  the  report  of  the  Judges  of  Election  and  to 
transact  such  other  business  as  may  come  before  it. 

The  Board  of  Direction  shall  meet  within  ten  days  after  the  Annual 
Meeting  and  shall  then  appoint  the  following  committees :  A  Finance  Com- 
mittee, a  Publication  Committee,  a  Library  Committee,  a  Membership  Com- 
mittee, and  a  Committee  on  Amendments.  Each  of  these  committees,  except 
the  Committee  on  Amendments,  shall  be  composed  of  not  less  than  three  Cor- 
porate Members  of  the  Society,  at  least  one  of  whom  shall  be  a  member  of 
the  Board.  The  Committee  on  Amendments  shall  be  composed  of  five  Cor- 
porate Members  of  the  Society,  three  of  whom  shall  be  the  three  latest  Past- 
Presidents  who  continue  to  be  members  of  the  Society.  The  assignments  of 
these  committees  shall  be  such  that  at  least  one  member  of  the  Finance  and 
Library  Committees  and  two  members  of  the  Publication  Committee  shall 
have  served  on  the  same  committee  during  the  previous  year.  These  com- 
mittees shall  report  to  the  Board,  and  the  Board  shall  at  all  times  have  con- 
trol of  their  membership  and  work. 

Sec.  3.  The  Treasurer  shall  receive  all  moneys  from  the  Secretary  and 
deposit  the  same  to  the  credit  of  the  Society  in  such  depository  as  may  be 
designated  by  the  Board  of  Direction.  He  shall  pay  all  bills  when  certified 
as  provided  herein,  and  in  accordance  with  rules  prescribed  by  the  Board. 
He  shall  keep  regular  accounts  of  his  receipts  and  expenditures,  which  shall 
be  open  to  the  inspection  of  the  Board  at  all  times.  He  shall  make  an  Annual 
Report  and  such  other  reports  as  may  be  required  by  the  Board.  He  shall  be 
required  to  give  a  bond,  in  such  amount  and  with  such  sureties  as  the  Board 
may  require.  He  may  receive  a  salary,  the  amount  of  which  shall  be  deter- 
mined annually,  for  the  succeeding  year,  by  the  Board  at  its  December 
meeting. 

Sec.  4.  The  Secretary  shall  be  the  executive  officer  of  the  Society,  under 
the  direction  of  the  President  and  the  Board  of  Direction  and  its  several 
committees.  He  shall  have  charge  of  the  property  of  the  Society  and  shall 
conduct  its  business  under  such  rules  as  the  Board  may  prescribe.  He  shall 
receive  a  salary,  the  amount  of  which  .shall  be  determined  annually,  for  the 
succeeding  year,  by  the  Board  at  its  December  meeting.  He  shall  be  required 
to  give  a  bond  in  such  amount  and  with  such  sureties  as  the  Board  may 
require. 

Sec.  5.  The  Editor  shall  have  charge  of  the  publications  of  the  Society, 
under  the  direction  of  the  President,  the  Board  of  Direction,  and  the  Pub- 
lication Committee.  He  shall  receive  a  salary,  the  amount  of  which  shall  be 
determined  annually,  for  the  succeeding  year,  by  the  Board  at  its  December 
meeting.    The  offices  of  Secretary  and  Editor  may  be  held  by  one  person. 

Sec.  6.  The  Finance  Committee  shall  have  immediate  supervision  of  the 
accounts  and  financial  affairs  of  the  Society,  and  shall  certify  all  bills  before 
payment. 

Sec.  7.  The  Publication  Committee  shall  provide  and  arrange  all  programs 
for  meetings  of  the  Society,  and  shall  supervise  and  approve  all  programs 
for  meetings  of  the  Sections.  Tt  shall  have  control  of  the  pulilicafions  of 
the  Society,  and  shall  see  that  all  publications  and  papers  are  edited  before 
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publication,  and,  whenever  possible,  before  presentation  of  same.  The  com- 
mittee may  call  to  its  aid  members  of  the  Society  or  others  who  have  had 
special  experience  in  the  subject  treated,  to  advise  in  regard  to  any  paper,  or 
to  discuss  same,  and  may  return  any  paper  to  its  author  for  correction  or 
amendment.  No  papers  containing  matters  readily  found  elsewhere,  especially 
advocating  personal  interests,  carelessly  prepared,  purely  speculative,  or 
foreign  to  the  purposes  of  the  Society,  shall  be  accepted.  The  committee 
shall  prepare  rules,  which,  when  approved  by  the  Board  of  Direction,  shall 
govern  the  preparation  and  presentation 'of  papers,  their  publication  by  the 
Society,  or  by  others,  and  such  other  matters  of  similar  nature  as  the  best 
interests  of  the  Society  may  require. 

Sec.  8.  The  Library  Committee  shall  have  general  supervision  of  the 
Library  and  the  Rooms  of  the  Society  and  the  property  therein. 

Sfx.  9.  The  Committee  on  Amendments  shall  consider  amendments  to  the 
Constitution  which  may  be  referred  to  it  by  the  Board  of  Direction,  or  which 
may  be  suggested  by  its  members,  and  shall  make  a  report  at  such  time  as 
will  allow  action  by  the  Society  during  the  current  year. 

Sec.  10.  The  Membership  Committee  shall  investigate  all  applications  for 
membership  and  report  thereon  to  the  Board  of  Direction. 

ARTICLE  IX. 

SECTIONS. 

Section  1.  The  formation  of  a  Section  for  the  more  convenient  study 
and  discussion  of  any  special  branch  of  engineering  may  be  authorized  by 
the  Board  of  Direction  upon  the  written  application  of  forty  members,  of 
whom  at  least  twenty  shall  be  Corporate  Members  of  the  Society.  The  appli- 
cation shall  state  the  purpose  of  the  proposed  Section  and  shall  suggest  for 
it  a  name  clearly  indicating  the  line  of  work  contemplated. 

Sec.  2.  If  more  than  three  months  shall  elapse  from  the  date  of  authori- 
zation of  a  Section  by  the  Board  of  Direction  until  it  is  in  active  operation, 
or  if  at  any  time  its  membership  shall  fall  below  the  required  number  for 
authorization,  or  if  other  satisfactory  reasons  shall  exist,  the  Board  may  at 
its  discretion  abolish  such  Section,  but  this  action  shall  not  be  taken  unless  a 
resolution  abolishing  such  Section  shall  have  been  introduced  at  a  regular 
meeting  of  the  Board  and  laid  over  until  a  subsequent  meeting,  at  which 
meeting  the  affirmative  vote  of  two-thirds  of  the  entire  membership  of  the 
Board,  obtained  by  ballot  if  necessary,  shall  be  required  for  the  passage  of 
such  resolution. 

Sec.  3.  Membership  in  Sections  shall  be  granted  to  any  member  of  the 
Society  who  may  apply  in  writing  to  the  Secretary  for  membership  in  such 
Sections. 

Sec.  4.  The  officers  of  a  Section  shall  consist  of  a  Chairman,  Vice- 
Chairman,  and  three  Directors,  who  together  shall  constitute  its  Executive 
Committee.  The  Chairman,  Vice-Chairman,  and  at  least  one  Director  must 
be  Corporate  Members  of  the  Society.  The  Chairman  shall  be  cx-officio  a 
member  of  the  Board  of  Direction.  The  Secretary  of  the  Society  shall  be 
ex-officio  Secretary  of  the  Sections. 

Sec.  S.  The  Executive  Committee  of  a  Section  shall  have  general  charge 
of  the  affairs  of  the  Section,  including  the  preparation  of  programs  for  its 
meetings,  all  subject  to  the  limitations  of  the  Constitution  and  Rules  of  the 
Society. 

Sec.  6.  Each  Section  shall  be  entitled  to  hold  four  meetings  in  each  year, 
one  of  which  shall  be  its  annual  meeting. 

Sec.  7.  A  Section  shall  not  incur  indebtedness  either  on  its  own  account, 
or  on  account  of  the  Society,  without  permission  of  the  Board  of  Direction. 

Sec.  8.  Each  Section  shall  determine  the  method  of  nominating  and 
electing  its  own  officers,  provided,  however,  that  all  elections  shall  be  by 
ballot  of  the  members  of  the  Section. 
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ARTICLE  X. 

BRANCH  KS. 

SiXTioN  1.  Wherever  ten  or  more  resident  members  of  any  grade  con- 
nected with  an  engineering  school,  or  ten  or  more  non-resident  members  of 
any  grade,  desire  to  form  a  Branch,  the  Board  of  Direction  may  authorize 
the  establishment  of  snch  Branch  under  such  rules  as  the  Board  may 
prescribe. 

ARTICLE  XI. 

MEETINGS. 

Section  1.  The  Annual  Meeting  shall  be  held  on  the  first  Wednesday 
after  the  first  Thursday  in  January,  at  which  time  the  result  of  the  election 
of  officers  of  the  Society  shall  be  announced  and  the  Annual  Reports  received. 
Other  business  may  be  transacted.  Twenty-five  Corporate  Members  shall 
constitute  a  quorum. 

Sec.  2.  Other  regular  meetings  of  the  Society  for  the  transaction  of 
business  shall  be  held  on  such  days  of  each  month,  except  July  and  August, 
as  may  be  fixed  by  rule  of  the  Board  of  Direction.  The  order  of  biisiness  at 
these  meetings  shall  be  prescribed  by  the  Board,  and  fifteen  Corporate  Mem- 
bers shall  constitute  a  quorum. 

Meetings  of  the  Society  for  the  presentation  and  discussion  of  papers,  or 
for  social  purposes,  shall  be  held  as  ordered  by  the  Board  of  Direction,  and 
shall  be  open  to  the  public  except  as  may  be  ordered  by  the  Board.  Discussion 
will  be  restricted  to  those  connected  with  the  Society,  except  by  invitation  of 
the  chair. 

Sec.  3.  Special  meetings  of  the  Society  may  be  called  by  the  President, 
and  shall  be  called  on  request  of  ten  Corporate  Members,  which  request  shall 
state  the  purpose  of  such  meeting.  The  Secretary  shall  mail  to  each  member 
of  the  Society,  not  less  than  one  week  prior  to  the  date  of  such  meeting,  a 
printed  notice  which  shall  state  the  purpose  thereof,  and  no  other  business 
shall  be  considered  at  such  meeting.  At  these  meetings  twenty  Corporate 
Members  shall  constitute  a  quorum. 

Sec.  4.  Meetings  of  the  Sections  shall  i)c  open  to  all  members  of  the 
Society  and  shall  be  subject  to  the  same  rules  as  other  meetings  of  the 
Society,  except  that  they  shall  be  arranged  by  the  Executive  Committees  of 
the  Sections,  with  the  approval  of  the  Board  of  Direction,  and  shall  be  in 
charge  of  the  officers  of  the  Sections.  The  Board  may  also  assign  meetings 
of  the  Society  to  the  charge  of  a  Section. 

ARTICLE   XU. 

DISCIPLINE. 

Section  1.  The  Society  shall  have  the  power  to  hear  and  determine  upon 
the  conduct  of  its  members  for  any  infraction  of  its  rules  and  regidations,  and 
for  misconduct. 

Sec.  2.  Upon  tlic  written  request  of  ten  or  more  Corporate  Members  that 
for  cause  therein  set  forth  a  person  belonging  to  the  Society  be  expelled,  the 
Board  of  Direction  shall  consider  the  matter,  and  if  there  appears  to  be 
sufficient  reason,  shall  advise  the  accused  of  tlie  charges  against  him.  He 
may,  if  he  so  desires,  present  a  written  defense  which  shall  be  considered  at 
a  meeting  of  the  Board,  of  wiiich  he  shall  receive  due  notice. 
Not  less  than  two  months  after  such  meeting  the  Board  shall 
finally  consider  the  case,  and  if  resignation  has  not  been  tendered,  or  a 
defense  made  which  is  satisfactory  to  the  Board,  it  shall  then  notify  the 
person  that  he  will  be  expelled  in  one  month,  unless  he  elects  to  appeal  from 
this  decision.  Appeals  shall  be  submitted  to  the  Corporate  Members  by 
letter-ballot  in  a  form  to  be  prescribed  by  the  Board.  The  ballot  shall 
be  accompanied  by  a  statement  of  the  charges,  and  the  action  of  the  Board 
lliereon,  with  such  information  as  it  deems  proper,  and  also  tiie  statement 
iif  the  person  making  the  appeal.    The  ballot  shall  be  canvassed  by  the  Board 
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not  less  than  twenty  days  after  its  issue.  A  majority  of  the  ballots  cast  shall 
be  required  to  sustain  the  action  of  tlie  Board.  The  Board  shall  notify  the 
person  and  the  Corporate  Members  of  the  result  of  the  ballot.  In  case  no 
appeal  be  made,  the  Board  may  expel  the  person,  and  notify  him  of  its 
action.  No  disciplinary  proceedings  of  the  Society  shall  be  given  any  pub- 
licity, except  as  above  provided. 

ARTICLE  XIII. 

RULES. 

Section  1.  The  Board  of  Direction  shall  have  the  right  to  make  Rules  in 
conformity  with  this  Constitution  covering  any  or  all  matters  relating  to  the 
work  of  the  Society.  Such  Rules  shall  be  proposed  in  writing  and  presented 
at  a  regular  meeting  of  the  Board.  They  shall  then  be  referred,  together 
with  such  amendments  as  may  be  suggested  at  the  meeting,  to  an  appropriate 
committee,  and  reported  back  for  action  or  amendment  at  a  future  regular 
meeting  of  the  Board.  The  affirmative  vote  of  two-thirds  of  the  entire 
membership  of  the  Board,  obtained  by  letter-ballot  if  necessary,  shall  be 
required  for  their  adoption. 

Sec.  2.  Rules  thus  adopted  by  the  Board  of  Direction  shall  be  published 
in  the  Journal  and  in  the  Year  Book  of  the  Society,  and  shall  take  effect  upon 
their  adoption. 

ARTICLE  XIV. 

MISCELLANEOUS. 

Section  1.  In  all  questions  involving  parliamentary  rules,  Roberts'  Rules 
of  Order  shall  be  the  governing  authority. 

Sec.  2.  Members  of  this  Society,  except  Student  Members,  who  shall 
have  complied  with  the  provisions  of  the  Constitution,  shall  be  entitled  to  a 
diploma,  certifying  the  grade  of  membership.  This  shall  be  signed  by  the 
President  and  attested  by  the  Secretary  under  the  seal  of  the  Society;  the 
charge  therefor  to  be  one  dollar. 

Sec.  3.  The  Society,  by  action  of  the  Board  of  Direction,  may  issue 
badges  to  its  members.  These  badges  shall  be  of  design  approved  by  the 
Board,  and  at  its  option  may  bear  distinguishing  marks  for  the  different 
grades  and  may  have  member's  name,  date  of  membership,  or  other  inscrip- 
tion engraved  thereon.  All  badges  shall  be  furnished  for  such  a  price  as  the 
Board  may  determine. 

Sec.  4.  Diplomas  and  badges  shall  be  issued  only  on  agreement  providing 
for  the  return  of  said  diplomas  or  badges,  on  demand  of  the  Board  of 
Direction  and  refund  of  cost  of  same,  in  case  membership  of  holder  should 
cease  at  any  future  time. 

Sec.  5.  The  following  shall  be  the  authorized  abbreviations  to  be  used  by 
the  members  of  the  Society  to  designate  the  different  grades: 

For  Honorary  Member Hon.  W.  S.  E. 

For  Member M.  W.  S.  E. 

For  Associate   Member Assoc.  W.  S.  E. 

For  Junior  Member Jun.  W.  S.  E. 

For  Student   Member S.  W.  S.  E. 

For  Affiliated   Member Aff.  W.  S.  E. 

ARTICLE   XV. 

AMENDMENTS. 

SECTION  1.  Proposed  amendments  to  the  Constitution  shall  be  submitted 
in  writing,  and  must  be  signed  by  not  less  than  twenty-five  Corporate  Mem- 
bers. 
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Sec.  2.  Amendments  presented  to  the  Society  on  or  before  the  first  regular 
meeting  in  October,  shall  be  printed  and  mailed  to  each  member  at  least  fif- 
teen days  before  the  first  regular  meeting  in  November.  Such  amendments 
shall  be  in  order  for  discussion  at  the  first  regular  meeting  in  November,  and 
may  be  amended  in  any  manner  pertinent  to  the  original  amendments  by  a 
majority  vote  at  that  meeting,  after  which  they  shall  be  voted  upon  by  letter- 
ballot,  the  vote  to  be  counted  at  the  first  regular  meeting  in  December. 

Sec.  3.  An  affirmative  vote  of  two-thirds  of  all  ballots  cast  shall  be 
necessary  to  the  adoption  of  any  proposed  amendment.  Amendments  so 
adopted  shall  take  effect  at  the  next  Annual  Meeting. 

RULES  OF  THE  ELECTRICAL  SECTION 

1.  Any  member  of  the  Western  Society  of  Engineers  may  become  a 
member  of  the  Electrical  Section  on  application  to  the  Secretary  for  enroll- 
ment. 

2.  The  Electrical  Section  shall  have  its  own  Executive  Committee,  con- 
sisting of  a  Chairman  and  a  Vice-Chairman,  each  to  serve  one  year,  and 
three  members,  each  to  serve  for  three  years,  one  to  be  elected  each  year, 
except  that  at  the  first  regular  election  the  three  members  of  the  Executive 
Committee  will  be  elected,  one  to  serve  one  year,  one  for  two  years,  and  one 
for  three  years.  In  the  election  of  these  members  of  the  Executive  Com- 
mittee the  nominations  will  be  confined  to  members  of  the  Electrical  Section, 
and  the  votes  will  be  accepted  only  from  members  of  the  Electrical  Section, 
all  to  be  in  good  standing  in  the  Western  Society  of  Engineers. 

3.  The  Chairman  of  the  Section  shall  preside  at  the  meetings  of  the 
Section  and  of  the  Executive  Committee  when  present;  in  his  absence  the 
Vice-Chairman  shall  preside  in  his  place,  and  in  the  event  of  the  absence  of 
both  of  these,  some  other  members  of  the  Executive  Committee  shall  preside. 

4.  The  duties  of  the  Executive  Committee  shall  embrace  the  providing 
for  speakers  and  meetings  of  the  Section,  and  generally  directing  the  business 
of  the  Section.  Vacancies  occurring  in  the  Executive  Committee  shall  be 
filled  for  the  remainder  of  the  unexpired  term,  and  until  the  next  annual 
election,  by  the  Executive  Committee,  without  unnecessary  delay. 

5.  The  Executive  Committee,  in  whole  or  part,  when  so  requested  by  the 
Membership  Committee  W.  S.  E.,  shall  hold  themselves  ready  to  confer  and 
advise  with  the  said  Committee  as  to  eligibility  of  candidates  for  membership 
in  the  Society. 

6.  Regular  meetings  of  the  Electrical  Section  shall  be  held  on  the  fourth 
Monday  of  cacli  month  from  October  to  May  inclusive.  Extra  meetings 
may  be  called  by  the  Chairman,  or  a  majority  of  the  Executive  Committee. 

7.  The  annual  meeting  of  tlic  Section  shall  be  held  on  the  fourth  Mon- 
day in  January,  for  the  purpose  of  canvassing  the  ballots  for  the  new 
members  of  the  Executive  Committee,  and  for  such  other  business  as  may  be 
necessary. 

8.  At  a  regular  meeting  of  the  Section  fifteen  members  in  good  standing 
shall  constitute  a  quorum  for  the  transaction  of  any  business  that  may  come 
before  the  Section. 

9.  Nominations  for  members  of  the  Executive  Committee  of  the  Electrical 
Section  shall  be  made  in  writing  at  the  regular  December  meeting  of  the 
Section,  then  posted  on  the  Bulletin  Board  in  the  Society's  rooms  and  be 
voted  on  by  ballot  at  the  annual  meeting  in  the  following  January. 

RULES  OF  THE  BRIDGE  AND  STRUCTURAL  SECTION. 

Membership:  1.  Members  of  the  Western  Society  of  Engineers  of  all 
grades  shall  be  eligible  to  membership  in  the  Bridge  and  Structural  Section, 
and  will  be  enrolled  as  members  of  this  .Section  upon  application  to  the  Sec- 
retary.    All  members  of  the  Section  shall  have  the  right  to  vote. 

Officers:  2.  The  officers  of  the  Bridge  and  Structural  Section  shall  be  a 
Chairman  and  a  Vice-Chairman,  who  shall  be  Corporate  Members  of  the 
Western   Society   of    Engineers,   and    three    Directors,   who   shall    hold   their 
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respective  offices  for  one  year  or  until  their  successors  are  duly  installed. 
These  officers  shall  constitute  an  Executive  Committee  in  which  shall  be 
vested  the  management  of  the  Section. 

3.  The  Chairman  shall  preside  at  all  meetings  of  the  Section  and  of  the 
Executive  Committee;  in  his  absence  the  Vice-Chairman  shall  preside;  or,  in 
the  absence  of  both,  a  Director  shall  preside. 

Meetings:  4.  The  regular  meetings  of  the  Bridge  and  Structural  Section 
shall  be  held  on  the  second  Monday  of  each  month,  excepting  July  and 
August,  unless  this  should  conflict  with  some  meeting  of  the  Society,  in  which 
case  the  Executive  Committee  of  the  Section  shall  fix  the  date  for  the  meeting. 
Special  meetings  of  the  Section  may  be  called  by  the  Chairman  or  Vice- 
Chairman  of  the  Section.  The  January  meeting  of  the  Section  shall  be  the 
annual  meeting.    Fifteen  members  shall  constitute  a  quorum  at  those  meetings. 

S.  The  meetings  of  the  Executive  Committee  shall  be  held  at  least  once  a 
month  at  the  call  of  the  Chairman  or  Vice-Chairman  of  the  Section,  at  which 
meetings  three  members  shall  constitute  a  quorum. 

Election:  6.  The  Chairman,  Vice-Chairman,  and  one  Director  shall  be 
elected  annually.  The  retiring  Chairman  and  Vice-Chairman  shall  not  be 
immediately  eligible  for  re-election  to  their  respective  offices,  but  they  shall 
become  Directors  to  serve  for  the  ensuing  year.  In  case  the  retiring  Vice- 
Chairman  is  elected  Chairman,  two  Directors  shall  be  elected  to  serve  one 
year.  In- the  first  election  three  Directors  shall  be  chosen  to  serve  for  one 
year.  The  Executive  Committee  shall  fill,  for  the  unexpired  term,  any  vacancy 
occurring  in  its  membership. 

Nominations:  7.  Nominations  for  officers,  including  at  least  two  Direc- 
tors, shall  be  made  at  the  regular  December  meeting,  and  such  nominations 
shall  receive  the  endorsement  of  at  least  five  members  of  the  Section.  Nom- 
inations shall  be  posted  on  the  bulletin  board  in  the  Society's  rooms  and  shall 
be  voted  upon  by  ballot  at  the  annual  meeting. 

Amendments :  8.  Any  amendment  proposed  to  these  rules  shall  be  reduced 
to  writing,  signed  by  at  least  three  members  and  presented  at  a  regular  meet- 
ing of  the  Section.  It  may  then  be  amended,  and  shall  be  voted  upon  at  the 
next  regular  meeting  of  the  Section.  If  adopted  by  a  majority  vote  it  shall 
become  effective. 

RULES  OF  THE  HYDRAULIC,  SANITARY  AND  MUNICIPAL 

SECTION 

Membership:  1.  Members  of  the  Western  Society  of  Engineers  of  all 
grades  shall  be  eligible  to  membership  in  the  Hydraulic,  Sanitary,  and 
Municipal  Section,  and  will  be  enrolled  as  members  of  this  Section  upon 
application  to  the  Secretary.  All  Corporate  Members  of  the  Western  Society 
of  Engineers  belonging  to  this  Section  shall  have  the  right  to  vote. 

Officers:  2.  The  officers  of  the  Hydraulic,  Sanitary,  and  Municipal  Sec- 
tion shall  be  a  Chairman,  a  Vice-Chairman,  and  three  Directors,  who  shall 
hold  their  respective  offices  for  one  year,  or  until  their  successors  are  duly 
installed.  All  officers  shall  be  Corporate  Members  of  the  Western  Society  of 
Engineers.     These  officers  shall  constitute  an  Executive  Committee. 

3.  The  Chairman  shall  preside  at  all  meetings  of  the  Section  and  of  the 
Executive  Committee.  In  his  absence  the  Vice-Chairman  shall  preside,  or 
in  the  absence  of  both,  a  Director  shall  preside. 

Duties  of  Executive  Committee:  4.  The  duties  of  the  Executive  Com- 
mittee shall  embrace  the  providing  for  speakers  and  meetings  of  the  Section, 
and  generally  directing  the  business  of  the  Section.  Vacancies  occurring  in 
the  Executive  Committee  shall  be  filled  for  the  remainder  of  the  unexpired 
term  and  until  the  next  annual  election  by  the  Executive  Committee  without 
unnecessary  delay. 

Meetings:  5.  The  regular  meetings  of  the  HydrauHc,  Sanitary,  and 
Municipal  Section  shall  be  held  on  the  third  Monday  of  October,  January, 
and  May,  unless  this  should  conflict  with  some  meetings  of  the  Society,  in 
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which  case  the  Executive  Committee  of  the  Section  shall  fix  a  date  for  the 
meeting. 

Special  meetings  for  this  Section  may  be  called  by  the  Chairman  or  Vice- 
Chairman  of  the  Section. 

The  January  meeting  of  the  Section  shall  be  the  annual  meeting.  Ten 
members  shall  constitute  a  quorum. 

6.  The  meetings  of  the  Executive  Committee  shall  be  held  at  the  call 
of  the  Chairman  or  Vice-Chairman  of  the  Section  or  any  two  members,  at 
which  meetings  three  members  shall  constitute  a  quorum. 

Election:  7.  The  Chairman,  Vice-Chairman,  and  two  Directors  shall  be 
nominated  and  elected  at  the  annual  meeting.  The  retiring  Chairman  and 
Vice-Chairman  shall  not  be  immediately  eligible  for  re-election  to  their 
respective  offices.  The  retiring  Chairman  shall  become  ex-officio  member  of 
the  Executive  Committee,  to  serve  for  one  year.  Two  Directors  shall  be 
elected  to  serve  for  one  year.  In  the  first  election  the  officers  shall  serve 
until  the  annual  meeting,  or  until  their  successors  are  elected. 

Amendments:  8.  Any  Amendment  proposed  to  these  rules  shall  be  re- 
duced to  writing,  signed  by  at  least  ten  members,  and  presented  at  a  regular 
meeting  of  the  Section.  It  may  then  be  amended  and  shall  be  voted  upon  at 
the  next  regular  meeting  of  the  Section.  If  adopted  by  a  majority  vote,  it 
shall  become  effective. 

9.  The  Secretary  of  the  Western  Society  of  Engineers,  by  virtue  of  his 
office,  shall  be  a  member  of  the  Section  and  shall  act  as  its  Secretary  and 
shall  also  act  as  Secretary  of  its  Executive  Committee. 
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Secretary's  Office,  Reading  Room,  Library,  and  Assembly  Hall, 
1735  Monadnock  Block. 


OFFICERS  FOR  1914 

President 
E.  H.  Lkk,  Dearborn  Station,  Cliicago. 

First  Vice-President 
B.   E.'  Grant,  207  City   Hall,   Chicago. 

Second  Vice-President 
Ernrst  McCullough,  1302  Monadnock  Block,  Chicago. 

Third  Vice-President 
G.  F.  Gi:bhari)T,  Armour  Institute,   Chicago. 

Treasurer 
Carlton  R.   Dakt.  900  So.   Michigan  Ave.,   Chicago. 

Trusses 

Term  expires  January,  191 5 
J.  G.  GiAVER,  1417  Railway  Exchange,  Chicago. 

Term  expires  January,  igi6 
F.  E.  Davidson,  1448  Monadnock  Block,  Chicago. 

Term  expires  January,  igi/ 
HoRACK  S.  Baker,  402  City  Hall,  Chicago. 

Past  President,  1913  Past  President,  1912  Past  President,  1911 

Albert  Reich mann,  W.  C.  Armstrong,  O.    P.    Chamberlain, 

72  W.  Adams  St.  226  W.  Jackson  Blvd.  108  So.  La  Salle  St. 

The  above  named  officers  of  the  Society,  with  the  Chairmen  of  the  Sections, 
constitute  the  Board  of  Direction. 

Secretary  and  Librarian 
J.  H.  Warder,  1735  Monadnock  Block,  Chicago. 

MEETINGS 

Annual  Meeting:     First  Wednesday  after  the  first  Thursday  in  January. 

Regular  Meetings:     First  Monday  evening  of  each  month,  except  January, 
July  and  August. 

Extra  Meetings:     Generally  held  on  the  other  Monday  evenings  of  the  month, 
in  interest  of  the  Sections,  except  in  July  and  August. 
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COMMITTEES 

Finance 
C.  R.  Dart  B.  E.  Grant,  Chainiian  R.  F.  Schl'chardt 

Publication 

G.  F.  Gkb.harut  Ernkst  McCi'llough,  Cluiiniian  E.  S.  Nf.thkrcl'T 

\V.  D.  GiRitiK  J.  II.   Prior  V.  J.  Pustki, 

1.     !■'.    STKRN  1  I.    S.     P.AKKK 

Library 
J.   11.   Prior  J.  E.    IIavforu,  Chairman  \V.  J.  Crl'mpton 

Membership 
H.  W.  Clausen  li.  S.  P)Akkk,  Chairman  A.  L.  Ricr. 

E}itertainmcnt 

G.  C.  D.  Lknth  E.  X.  Lavfif.li),  Chairman  C.  C.  Saner 

T.  W.  Snow  J.  B.  Brady  M.  L.  Carr 

D.    A.    TOMLIXSON 

Ameiid)iicnls 

W.  C.  Armstrong        O.  P.  Chambkki.aix,  Chairman         Ai.imrt  Reichmann 
T.  L.  CoNUKON  \\ M.  1^).  Jackson 

Legislative 

Andrews  Allen  II.  J.    P.trt,  Chairman  F.   E.    Davidson 

Ernest  McCulloi-gh  !■"..  C.  Siiankland 

SPECIAL  COMMITTEES 

Standard  of  Length 
C.  D.  Hill  G.  A.  M.  Liljencrantz  A.  C.  Schrader 

Standardization  of  Tests  of  Boilers 

W.  L.  Abuott  W.  K.  Hatt  W.  T.  Ray 

G.  F.  Gebhardt  Henry  Kreisinger  H.  J.  Thorkelson 

W.  F.  M.  Goss  C.  W.  Naylor 

Chicago  Harbor 
W.  I,,  .\bhott  ]..  v..  Rittir  E.  C.  Shanklanii 

Wll.l.ARli    .\.    SmIIH 

h'rprrsrnlaliz'c  an  Smtik,'  Snl^pressian 

\V.    I..   .\iinoTT 

It. 


List  of  Members 


HONORARY  MEMBERS.  date  of 

MEMBERSHIP 

Dodge,  Grenville  M.,  Maj.  Gen.  U.  S.  V.,  Civil  Engineer,  Bald- 
win Block,  Council  Bluflfs,  Iowa..  Hon.  M.  May  20,  1909 
MOREHOUSE,   LOUIS    P.    (Past   Secretary),   The    Ivins,   948 
S.  Figueroa  St.,  Lo.s  Angeles,  Cal. 

Act.  M.  May  25,  1869,  Hon.  M.  Dec.    7, 1887 
Whittemore,  D.  J.,  Consulting  Engineer,  C.  M.  &  St.  P.  Ry.  Co., 
222  Biddle  St.,  Milwaukee,  Wis. 

Act.  M.  April  8, 1872,  Hon.  M.  Dec.    6, 1910 

MEMBERS. 

Abbott,  H.  R.,  Junior  Engineer,  Sanitary  District  of  Chicago,  900 

S.  Michigan  Ave.,  Chicago  Oct.     3, 1894 

ABBOTT,  W.  L.   (Past  President),  Chief  Operating  Engineer, 

Commonwealth  Edison  Co.,  Chicago.  Aug.  10,  1901 

Adams.  J.\mes  S..  Adams  Construction  Co.,  167  W.  Washing- 
ton St.,  Chicago.  Jan.     9,  1911 

Aiigat'e,  Frederick  W.,  Western  Manager,  The  Foundation  Co., 

Little  Hocking.  Ohio.  Apr.    8,  1909 

Aegerter,  Albert  A.,  Civil  Engineer,  501  Stock  Exchange  Bldg., 

St.  Louis,  Mo.  Apr.    6,  1906 

Ahbe,  Frederic  R.,  Civil  and  Mining  Engineer,  615  S.  Main  St., 

Athens,  Pa.  Oct.  10,1904 

Ahlskog,    Edwin,    Structural    Engineer,    Stephens    Engineering 

Co.,    1560   Monadnock   Block,    Chicago.  Nov.    9,  1910 

Akerlixd,  G.  a..  619-20  City  Hall  Square  Bldg.,  Chicago.  Apr.  23,  1910 

Aldinger,    a.    H.,    Vice-President,    Carter-Halls-Aldinger    Co., 

Winnipeg,  Man.  Jun.  June  7,  1902,  Active  Jan.  18, 1907 

Alexander,  H.  B.,  President  and  Treasurer,  Sprague-Davis  Iron 

Works,  308-10  Michigan   St.,  Chicago.  May   4,1880 

ALLEN,  ANDREWS,    (Past   President),   Allen   &   Garcia   Co., 

McCormick   Bldg.,   Chicago.  Mar.  11,  1899 

.Allen,  Edwin  W.,  Asst.  Dist.  Mgr.,  and  District  Engr.,  Gen- 
eral  Electric   Co.,   iMonadnock    Block,   Chicago.  Jan.     4,  1912 

Allison.    William   L.,   Mechanical   Manager,  Franklin   Railway 

Supply  Co.,  30  Church  St.,  New  York  City.  Feb.  12,  1906 

.Xl.mf.kt,  Harold,  Consulting  Engineer,  The  Rookery,  Chicago.     May    7,  1904 

ALVORD,  JOHN  W.  (Past  President),  Alvord  &  Burdick,  Con- 
sulting Engineers,   1417  Hartford  Bldg.,  Chicago.  Oct.    6,  1885 

.\mari,  Charles  A.,  Engr.,  Estimator,  C.  Everett  Clark  Co.,  Gen- 
eral Contractors  and  Builders,  69  W.  Washington  St.,  Chi- 
cago. Jun.  Aug.  10,  1903,  Dec.  11.  1905 

.A.MES,  George  M.,  Vicc-Pres.,  Hauser,  Owen,  Ames  &  Co.,  Gen- 
eral  Contracting,  Grand  Rapids,  Mich.  Mar.    5,  1895 

Anders,  Frank  L.,  City  Engineer,  City  Hall,  Fargo,  N.  D.  June   6.  1907 

.\nderson,  Clarenxe  a.,  807  Kuney  Ave.,  Abilene,  Kas.  Apr.  27,  1910 

Anderson,  C.  T.,  Western  Representative,  C.  W.  Hunt  Co.,  1616 

Fisher  Bldg.,  Chicago.  Nov.    7,1904 

Anderson,  Raymond  D.,  205  W.  Sanborn  St.,  Winona,  Minn.      June  10, 1912 

.A.NDRESEN,  Herman  P.,  District  Sales  Manager,  The  Good 
Roads  Machinery  Co.  and  Chelsea  Refining  Co.,  139  N. 
Clark  St.,  Chicago.  Feb.   12.  1912 

Angier,  W.  E.,  Civil  Engineer,  220  S.  Michigan  Ave.,  Chicago.      July     1,  1899 
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ARMSTRONG    W.  C.   (Past  President),  Engineer  of  Bridges 

C  In   WRy!226W.  Jackson  Blvd.,  Chicago  May    9,1901 

ARMSXKONO.  W.  G.:  Chief  Draftsman,  C.  &  W.  I.  R.  R.  Co..  Dear-  ^^^  ^^_  ^^^ 

AR%\'D:^tj^S;r%^^^  ^f^S^^^-^'^''   ""'''''''''  Mar.  22. 1897 

Ene  neer,   105  S.  La  Salle  St.,  L^nicago.  ^     ^.  .,   t-     • 

ARTINGSTALL.  SAMUEL  G    (Past  President).  C.vd  Engi- 

neer    117  S.  Hamilton  Ave.,  Chicago.        ^,     ,    ^      ^,  .             ■{_•  q'  ,qfy: 

^RT,v,;sTM...,  Wm..  Civil  Engineer,  139  N.  Clark  St     Chicago^    Jan.  9.1906 

ASHLEV,  Burton  J..  Civil  and  Sanitary  Engineer,  Morgan  Park.^  ^  ^^^ 

111                                                                                                      n-          6  ' 
BAKER,  HORACE  S.  (Trustee)..  Assistant  City  Engineer,  Cty 

of  Chicago,  402  City  Hall.  Chicago.                                               -'«"i-  - 

BAKER.  IRA  O.,  Professor  of   Civil   Engineering,  University  of  ^^^  ^^^^ 

BA;^r'j^:'^^"!-p--    Buena    Vista    Power   .    I-^ation  ^^^^  ^^^  ^^^^ 
BaS:;.;^'"=..?P.s.  Engr..  A.  T.  .  S.  E.  Ry.  System.  ^^^ 

1033   Railway   Exchange,   Chicago  „.   Central 

Baldwin,  A.  S..  Chief  Engineer.  I.   C.  R.  R.  Co..   /06  Central  ^^^    ^^^^^ 

BA.tiN:C.'KEr..  Manager,  Robins  Conveying  Belt  Co..  1070^^^^^^^ 

Old  Colony  Bldg.,  Chicago  .  j,„.  «,  Wf« 

Baldwin,  Waltf-R  H.,  Asst.  G.n'l  Mgr.,  The  Adams  &  West    ^^^    ^^  ^^^ 

Ban's!  iowf™  h'uch.  Telephone  Engineer,  Chieago  Telephone ^^^^    ^  ^^^^ 

BaS»i^Se.  Consulting  Mechanical  Engineer,  Old  Colony  ^^^_^  ^^^  ^^^^ 

R.?k'1^.    S'"'n°E.  Asst.  Eng.,  Wisconsin  Bridge  &  Iron  Co.,  ^^_^^^    ^^^^, 

BA.'i'i:wrT;"|gi,eer  in  charge  of  CWcago  office  of  Mctcalf  ,^,^ 

;?,  FHrlv    1824  Harris  Trust  Bldg.,  L-lncago.  j 

B^u^C^^i^'S  TKBAOWAV,  Engineer  in  Wood  Preservation, 
Forest  Products  Laboratory,  Madison,  Wis.  Ju  y 

Bark,  James,  Mechanical  Engineer,  Armour  &  Co.,  U.  S.  Yards,  ^^^  ,3  ,5^ 

Bar^JS:  Wm.  C,  Engineering  Dep..,  Illinois  Steel  Co,  North  ^^^     ^^  ^^^^ 
BA^S,t'o!'r'H.,.Ph..D..   Professor  of   Applied  Mechanics, 
BA.'2r"»:'?RA;/K'"S:i':;o."^CMTE':'gi„eer.  Copper   Range  ^^^     ^  ^^^ 

BA?.s,\,NS>rw':' 7!'troadway,  New  YorK,  and  62  London^^^     ^^^^ 

Wall,  London.  .  _-    RrmHwav    New 

BATES,   LiNDON,   Jr.,   Consultmg   Engineer,   71    Broaduay,    ^^^  j^^^  jq  jqiq 

RATES.'  ONWARD  (Past  President).  Civil  Engineer.  332  S.  ^^^  ^^^^ 
Michigan  Ave.,  Chicago.  Francisco. 

|'..vr..s.  Wii.i-.AM  S..  C  ml  }--]lf\-^^'  ^^  '  '"'^^*  ^^-  ^^'^  Got.    5, 1880 

r-»l      \ot  a  nuMiihcr    iSv.^-lVAit'.  c.,11. 

IVvS^-.  l•^^.;L..  Vice-Pros..  The  Arnold  Co..  10..  So.  La  Salle  ^^^     ^^^^^^^ 

BAUGHMAN.'ciARUES  A..  Instructor.  Iowa  State  College,  A-«- j^„^  ,5  ^909 
^ulu^.\    loHN    v..   Dist.    Engr.   Southern   ^i^'^ct.    Division   of 

Valuation.    Interstate    Cnnnnerre    ComnnsMon.    ^ '^•"'•""''^>^''- j„„,  J4  19(12 

RK..^R!  O,  -vvK  L..  Chicago  Mgr..  Henj.  V.   Kelley  &  Son.  402  Rail    ' ^^^^^     ^    ^^^^ 
way   t  Nchange.  Chicago. 
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Beardsley,  James  Wallace,  Ch.  Engr.,   Porto  Rico  Irrigation 

Service,  Giiayama,  Porto  Rico.  Dec.  21,1892 

Beattys,  W.  H.  Jr.,  Westinghouse  Traction  Brake  Co.,  827  Rail- 
way Exchange,  Chicago.  Jun.  Jan.  6,  1902,  Active  Dec.  15, 1904 

Beckerley,   G.   F.,  Vicc-Pres.,   Advance   Terra   Colta   Co.,  29   S. 

La  Salle  St.,  Chicago.  Jun.  July  1,  1899,  Active  Apr.  21,1902 

Beisel,  N.  J.,  Supt.,  MacArthur  Bros.,  1005  Emerson  St.,  Denver, 

Colo.  Aug.  11, 1905 

Bennett,   Wm.   A.,  Resident   Engineer,   Griffin   Wheel   Co.,  445 

Sacramento  Ave.,  Chicago.  Aug.  14, 1909 

Berg,  Christian  P.,  Engineer,  Drake  &  Berg,  Inc.,  12  W.  Adams 

St.,  Chicago.  Mar.    7,  1910 

Bergbom,  Fredfrick   .a.,  2643   N.  Talman  Ave.,  Chicago. 

Assoc.  Apr.  3,  1908,  Active  Feb.     5,  1909 

Bergendahl,  G.   S.,  Pres.   Rergcndahl-Knight  Co..   Harris  Trust 

Bldg.,  Chicago.  May  13,  1899 

Bergquist,  J.  G.,  Consulting  Engineer,  Universal  Portland  Cement 

Co.,  Roslyn,  L.  I.,  N.  Y.  Sept.  16, 1901 

Beye,  John  C,  Log.  Engr.,  C.  R.  I.  &  P.  Ry.,  La  Salle  St.  Sta., 

Chicago.  Mar.   3,  1893 

Billow^,  Clayton  O.,  Consulting  Engineer,  416  W.  Indiana  St.. 

Chicago.  Mar.  17,  1896 

Binkley,  George  Holland,  Chief  Engr.,  M.  of  W.  &  Structures, 

S.  F.  &  O.  Ter.  Rys.,  1440  Broadway,  Oakland,  Cal.  Sept.    9.  1899 

Bird,  Paul  P.,  Norton  &  Bird,  12  W.  Adams  St.,  Chicago.  Dec.     7,  1909 

BiSBEE,  Ben  H.,  C/o  Clark  Constr.  Co.,  2100  Insurance  Exchange.  Dec.  11,  1909 

BiXBY,  W.  H.,  Brigadier  General  U.  S.  Army,  Retired,  414  Ox- 
ford  Bldg.,   Washington,   D.   C.  July   8,  1905 

Black,  Robert  M.,  Asst.  Prof,  of  Mining,  University  of  Pitts- 
burgh, Pittsburgh,  Pa.  Jun.  May  3,  1906,  Active  July  14, 1909 

Bley,  John   C,   Designer  of   Bridge  Machinery,   Bridge   Dept., 

City  Hall,  Chicago.  Sept.    7, 1895 

Block,  Edgar  W.,  Chief  Draftsman,  Bridge  Dept  A.  T.  &  S.  F. 

Ry.  Co.,  Railway  Exchange,  Chicago.  Nov.  15,  1907 

Blunt,  John  E.,  Consulting  Engineer,  C.  &  N.  W.  Ry.  Co.,  226 

W.  Jackson  Blvd.,  Chicago.  June  14,  1869 

Boardman,  Horace  P.,  Professor  of  Civil  Engineering,  Universi- 
ty of  Nevada,  Reno,  Nev.  Dec.    5, 1894 

BoGUE,  Virgil  G.,  Civil  and  Consulting  Engineer,   15  Williams 

St.,  New  York,  N.  Y.  Dec.  20, 1893 

BosTwiCK,  Lathrop  a.,  Construction  Engineer,  Rensselaer.  Ind.     Oct.     8,  1907 

iioswoRTH,   Cyrus    Increase,   District    Engineer,    G.    T.    P    Ry., 

Rose  Lake,  B.  C.  Jun.  May  13.  1899,  Active  Oct.  19,  1905 

BowEN,  Harrison   S.,  R.  W.   Hunt  &  Co.,  2200  Insurance  Ex- 
change, Chicago.  Apr.  10,  1902 

BoYNTON,  Carl  W.,  Inspecting  Engr.,  Universal  Portland  Cement 

Co.,  Chicago.  Jan.     5,  1909 

Brace,  James  H.,  Sec'y  and  Treas.,  Eraser,  Brace  &  Co.,  1328 

Broadway,  New  York,  N.  Y.  Dec.  20, 1893 

Bradford,    James    W.,    Asst.    Engr.,    Chicago    Bridge    &    Iron 

Works,   Chicago.  June  16, 1911 

Brandon,  George  Russel,  Vice-Pres.  and  General  Engr.,  Whit- 
ing Foundry  Equipment  Co.,  Harvey,  111.  May  10,  1904 

Bransfield,  James  T.,  Contracting  Engineer,  3588  Archer  Ave., 

Chicago.  Apr.  15,  1899 

Breckinridge,  W.  L.,  C.  B.  &  Q.  R.  R.,  547  W.  Jackson  Blvd., 

Chicago.  July    3.1899 
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Breidert,  Henry  C,  Western  Agent,  Fort  Pitt  Bridge  Works  of 

Pittsburg,  Fisher  Bldg..  Chicago  .  .  Jan.  13, 191U 

Brfmner,  George  Hampton,  Asst.  Dist.  Lngr.,  Division  of  Val- 
uation.    Interstate     Commerce    Commission,     karpen     Bldg.,  ^  ^^_ 
Chicago.                                                                                    ,         .               ■      ' 

Brewster,  F.  K.,  Asst.  Engr..  C.  &   X.  W.  Ry..  Genoa  Junction.   ^^^  ^^  ^^^^ 

Brill^George  M.,  Engineer,  1908  Yolo  Ave.,   P.erkeley,  Cal.  Oct.  15.  1901 

Brinckerhoff,  Henry  Morton,  Electrical-Mechanical  Engineer 

of  firm  of  Wm.  Barclay  Parsons,  60  Wall   St.,   New   York,^^^    ^^  ^^^ 

Brockhausen,  Carl  E.,  Contractor,  Olson  &  Brockhausen,  19  S  ,,,  ,q,  , 

La  Salle  St    Chicago.  -^l^''-  '"•  '^'"^ 

Brooks,  Howard,  American  SmeUers  Securities  Co.,  Velardena  ,,  .qp^ 

Durango,  Mexico.  .  .  June  17,  iyU4 

Brooks,  Morgan,  Prof,  of  Elec.  Engineering.  University  of  Illi-  ^^  ^^^^ 

nois,  Urbana,  111.  ,.       ,      r-     ,  r-      ,-       r-  '       '       ~ 

P.KUUGHTOX,  HiNKV  1'.,   I'rc^i.knl,   Peoples  Fuel  Gas  Co..  Crown  ^^^  ^^  ^^^ 

BrowT  FrInk  D.,  City  Engineer,  Shawnee   Okla.  „  ,,      ^^    ^eb.  12.  1910 

Brown.  Frederick   S..   R.   R.   Contractor.   234   S.   La    Salle    St..  ^  ^     ^  ^^^ 

Brown,' John  F.,  Chief  Civil  Engr..  South  Works  Illinois  Steel    ^^     ^  ^^^^ 

BROWN,?&rEngr.,M.ofW,,C.R  E&P.Ry.T^^^^^^^^^^  ^^^^'-    3!  1892 

Brown,   Paul  Goodwin,  Engineer-Contractor,   17  W.  42nd   ^t.,  ^  ^^^ 

New  York,  N.  Y.  .       ^     .  ,,,.     .     c.     :  r^    79 

Brunner,  John,  Asst.  Inspecting  Engineer,  Illinois  Steel  Co.,  7^ 

W.  Adams  St.,  Chicago.  .,    ^^      ^    ^      ,      ^.     .  J"ly    «'  1^" 

Bryant,   B.    H.,   Chief    Engr.,   Ferrocarr.l    Nor-Oeste   de    Mexico 

Apartado  46,  Chihuahua,  Mex.  ,,,.  ..  r 

Buchanan,  D.  W.,  Wilmington  Star  Mming  Co.,  1114  McCor- 

mick  Bldg.,  Chicago.  Titv 

Budd,  Charles   Arms,  Structural   Engineer,  Bridge   Dept.,  ^ity  ^^^    ^  ^^^^ 

Hall,  Chicago.  ^-      p     ,  •* 

Buun.   Ralph,  Chief    luigineer.   Great    Northern    Ry..    St.    Paul.  ^^^^^    ^^^^^ 

Bulley"' George  Wilshear,   Pres..    Mercury   Mfg.    Co.,   4110    S. 

Halsted  St.,  Chicago.  ^^'^^  ^"'  '^ 

Bunker,  G.  T.,  Mech.  Engr.,  with  American  Spiral  Pipe  Works.^^^    ^^    ^^^ 

Bunker!  taGE  W.,  210  Front  Ave.  S.  W    Grand  Rapids.  Micl.  July  17. 1906 
BuNNEL,  W.  C,  U.  S.  Asst.  Engr..  U    S.  Engineer  Office   Box  155 

Manila   P  I  J""-  -^"S-  6,  1900,  Active      June    ^,  iwo 

Burdick, 'Chas.   B.,   Alvord   &   Burdick,    Hydraulic   &   Sanitary 

Engrs..  1417  Hartford  Bldg..  Chicago.   .     ,  ^     .         .        ...   -'"•>'  ^  3,  1901 
Burgess,  Charles  F.,  Professor  of  Chemical  Engineering,  Uni- 

versity  of  Wisconsin,  Madison,  Wis.  L»ec.  i%  ly^ 

Burke,  Ricard  O'Sullivan.  Division  of  Rivers  and  Harbors,  Bu- 

reai  of  Engineering,  City  Hall,  Chicago  Mar.    6, 1B89 

BuRT,   H.   J..    Structural    Engineer,    llolabird    &    Roche.    Archts.. 

Monroe  Bldg.,  Chicago.  ,  ,    x,    r  a    .      M.w 

Bush,   Lincoln,   Consulting   Engineer,    1    Madison    Ave..    New  ^^^   ^  ^^ 

l>.vu.Ksi;v.   I1...NRV  M.,  Pres..   11.   M.   Hylle.l.y  .>t-   Co..  .W  S.   l.a  ,^^^^^^  ^,^  ^^^ 

Cadwell,'  Walters.,    Chief    Operating    Engr..    Nicholas    Senn  ^^^    ^  ^^^^ 

High  School.  Chicago.  t-.     i„^   o.„l 

Cahill.  Walter  J..  2nd  Vice-Prcs..  Great   Lakes   Dredge   and    ^^^    ^^  ^^^ 

Dock  Co..  Chicago. 
Caldwell.  Rohkrt  R..  City  Engineer.  Bcloit.  Wis. 
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Canfield,  Albert  T.,   Engr.,   23d   St.   and   Grand   Ave,    Kansas 

City,  Mo.  Dec.     5,  1903 

Cannell,  Edward,  Principal  Asst.  Engr.,  Richmond  &  Northern 

Neck  Railroad.   Tappahannock,   Va.  Sept.  14,  1910 

Capouch,  Edward,  Contracting  Manager,  American  Bridge  Co. 

of  New  York.  Commercial  National  Bank  Bldg.,  Chicago.        Nov.    9,  1909 

Carlton,  W.  G.,  Supt.  of  Power,  Electric  Division,  N.  Y.  C.  & 

H.  R.  R.  R.  Co.,  Grand  Central  Station,  New  York.  Dec.  30, 1902 

Carr,  Maurice  L.,  Asst.  Engr.,  Underwriters'  Laboratories,  207 

E.  Ohio  St.,  Chicago.  Feb.  19, 1909 

Carter,  Edwix  Albert,  General  Contractor,  Leader  Bldg.,  Law- 
rence, Kas.  Dec.     6,  1907 

CARTER,  EDWARD  C.  (Past  President),  Chief  Engineer,  C.  & 

N.  VV.  Ry.  Co.,  226  W.  Jackson  Blvd.,  Chicago.  Sept.  14,  1877 

Carter,  Henry  W.,  Patent  Attorney  and  Mechanical  Expert,  635 

Monadnock  Block,  Chicago.  May   4,  1897 

Cartlidge,  Charles  Hopkins,  Bridge  Engineer.  C.  B.  &  Q.  R.  R.. 

547  W.  Jackson  Blvd.,  Chicago.  Mar.  21,  1900 

Caruthers,  William  S.,  Div.  Engr.,  California  Highway  Com- 
mission, Sacramento,  Cal.  Jan.    2, 1900 

Case,  James  Francis,  Vice-Pres.,  Cuban  Engineering  &  Con- 
tracting Co.,  17  W.  42nd  St.,  New  York,  N.  Y.  Nov.    5,  1901 

Casper,  Earl  H.,  SquaU  Foreman,  Gary  Plant  American  Bridge 

Co.,  Gary,   Ind.  Oct.    7,1913 

Causey,  W.  B.,  Superintendent,  C.  G.  W.  R.  R.,  Commerce  Bldg., 

St.    Paul,   Minn.  Dec.     8,1902 

Chadwick,  Frank   D.,   Supt.   and    Alining   Engr.,   Illinois   Third 

Vein  Coal  Co.,  Ladd,  111.  June  14,  1910 

CHAMBERLAIN,  O.  P.  (.Past  President),  Vice-Pres.  and  Gen- 
eral Mgr.,  Dolese  &  Shepard  Co.,  108  So.  La  Salle  St.,  Chi- 
cago. -May   2,1906 

Chandler,  George  M.,  Riddle  &  Riddle,  Architects,  1957  Peoples 

Gas   Bldg.,   Chicago  .    July  13,  1906 

Chandler,  George  W.,  Chief  Engineer,  Illinois  Central  Electric 

Ry.  Co.,  Canton,  111.  July    5, 1893 

Chappelle,  Charles  C,  Vice-Pres.  &  Genl.  Mgr.,  Federal  Light 

&  Traction  Co.,  60  Broadway,  New  York,  N.  Y.  May  12,1909 

Charles,  Frederic  R.,  City  Civil  Engineer,  City  Hall,  Rich- 
mond,  Ind.  May  16, 1911 

Chase,   Carl   W.,   Engr.   of   Drawing   Room,   American    Bridge 

Co.,  Gary  Plant,  Gary,  Ind.  Julv    7,  1913 

Chase,  Charles   Perry.  Pres.  and  Manager,   Iowa   Engineering 

Co.,    Chase    Block,    Clinton,    Iowa.  Apr.    9,  1897 

Chase,    Roy    S.,    Assistant    to    Operating    Manager,    American 

Bridge  Co..   Chicago.  Sept.  17, 1913 

Christie,  George  B.,  Christie  &   Lowe,   Contractors,  39   S.   La 

Salle  St.,  Chicago.  Jan.     2, 1895 

Churchill,     Durand,     Consulting     Engineer,     Durand     Steel 

Locker  Co.,  Chicago.  Apr.     3,1903 

Clark,  Ernest  A.,  Chief  Engr.,  Engineering  Construction   Co., 

106  N.  La  Salle  St.,  Chicago.  July    5,  1911 

Clausen,  G.  L.,  Consulting  Engineer,  139  N.  Clark  St.,  Chicago.  Oct.     6, 1885 
Clausen,  Henry  P.,  463  West  St.,  New  York.  N.  Y.  May    7, 1904 

Clayton,  Thomas  Wiley,  Asst.  Engr..  S.  S.  El.  R.  R..  160  W. 

Jackson  Blvd.,   Chicago.  jun.   July  3,   1899.  Mar.  21.  1503 

Clearman.  Albert  E..   C.  E.,  with  Joseph   T.   Ryerson  &  Sons, 

2558  W.   16th   St.,  Chicago.  July   6.  1909 

Collins,  James  H.,  Pres.,  The  Collins  Construction  Co.,  112  N. 

Clark  St.,  Chicago  May    9, 1907 
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CoMSTocK,  Louis   K.,   I'rcs.,  L.   K.   Comstock  &    Co.,    Inc.,    30 

Church  St.,  New  York,  N.  Y.  Apr.  30,  1895 

Co.NDKON,   Ihkddokk  Lincoi.n,  Prcsidciit ,  CoiKh'on  Cdinpany,  1215 

.Monadnock    Hlock,    Chicago.  Xnv.    7,  1894 

Connolly,  P.  H.,  City  Engineer,  City  Hall,  Racine,  Wis.  Nov.   7, 1894 

Converse,   William    A.,    Sec'y-   ^nd  Chem.    Director,   Dearborn 

Chemical  Co.,  McCormick  Bldg.,  Chicago.  Mar.   8,1904 

COOLEY,   LYMAN    E.    (Past    President),    Civil    Engineer,   22 

W.  Quincy  St.,  Chicago.  June  15,1875 

CooMUKS.  James  L.,  C/o  E.  S.  Cornell,  Rohins,  Iowa.  Dec.  10,1910 

Corey,   Sidney  T.,   Chief   Draftsman,    Bridge   Engineer's   Office, 

C.  R.  L  &  P.  Ry.,  Chicago.  June    7,  1912 

CORTHELL,   ELMER   LAWRENCE    (Past    President),    Con- 
sulting Civil  Engineer,  149  Broadway,  New  York,  N.  Y.        Feb.     7,  1888 

Courtney,  H.  Harrison,  with  American  Bridge  Co.,  Chicago.      June  18, 1910 

Cowles,  Walter  L.,  Structural  Engr.,  Mead-Morrison  Mfg.  Co., 

Monadnock  Block,  Chicago.  May    8, 1905 

Cowper,  John  W.,  Vice- Pros.,  Lackawanna  Bridge  Co.,  Worden- 

Allen  Co..  612  Fidelity   i^.ldg.,   Buffalo.   X.  Y.  Jan.     4,  1910 

Crak;,  David  M.,  .Asst.  luigr..  X.  W.  System,  Penna.  Lines,  1116 

Penna.  Station,  Pittsluirgh,  Pa.  Jan.  16,  1909 

Crane,  Albert  S.,  Chief  Hydraulic  Engr.,  J.  G.  White  &  Co.,  43 

Exchange  PI.,  New  York.  July    2, 1903 

Cravath,  James   R.,  Consulting   Electrical  &    Illuminating  Engi- 
neer. 140  S.  Dearborn  St.,  Chicago.  '      Apr.   12,  1904 

Crocker,  Herbert  Samuel,  Consulting  Engineer,  308  Tramway 

Bldg.,    Denver,   Colo.  Feb.  12,  1906 

Crumb,  W.  H.,  President,  W.  H.  Crumb  &  Co.,  1118  First  Nat'l. 

Bank   Bldg.,   Chicago.  Mar.  11, 1908 

Crumpton,  Wm.  J.,  Mgr.,  Chicago  Office,  D.  C.  &  Wm.  B.  Jack- 
son, 2004  Harris  Trust  Bldg.,  Chicago.  June   4, 1908 

Curtis,  Walter  T.,  Contracting  Engr.,  Wisconsin  Bridge  &  Iron 

Co..  305  25th  St.,  Detroit.  .Mich.  June    3.1902 

Curtis,  W.  W.,  P.  O.  Box  485,  Colorado  Springs,  Colo.  Dec.     2, 1891 

CrsHi.Nc;.  John  F.,  Division  Engr.,  (jreat  Lakes  Dredge  &  Dock 

Co.,  Monroi-  Bldg.,  Chicago.  Jan.  10.1911 

Dalstrom,  Oscar  F.,  Bridge  Dept.,  C.  &   N.   W.  Ry.,  226  W. 

Jackson    Blvd.,    Chicago.  Assoc.  Dec.  5,  1903,  Active  Dec.     5, 1906 

Damon.   (lEORtiK    .\.,    Dean   of    J£nginccring,   Throop   College    of 

Technology,   Pasadena,  Cal.  Mar.    9.1901 

DART,  CARLTON  R.,  (Treasurer),  Bridge  Engineer,  Sanitary 

District  of  Chicago,  900  S.  Michigan  Ave.,  Chicago.  F"eb.     3, 1892 

Dauchy,  Samuel,  President,   Dauchy   Iron  Works,  223  W.  Illi- 
nois St..  Chicago.  Nov.  13,  1912 

D.WIDSOX,    F.     K.     (Trustee),     Architect,     1448     .Monadnock 

Block,  Chicago.  Jan.     3.  1899 

Davidson,  George  M.,  Chemist  and  Engineer  of  Tests,  C.  &  N. 

W.  Ry.  Co..  Chicago.  Jan.  11,1897 

Da\iiis(),\,    hni.N    .M.,    Civil    i'.nyiniir,    .\merican    Sheet    and     Tin 

Plate  Co.,  12.U  I'rick   Bldg..'  I'ntsl.urgh.   Pa.  Xov.  12.  1910 

Davis,  Garrett.  Supt.,  C.  R.  I.  &  P.  Ry.,  El  Dorado.  Ark.  May  11.1892 

Dawli  v,  Wm.  S..  5657  Cabanne  .\ve.,  St.  Louis.  .Mo.  _     Apr.    2.  18^5 

DeBerard.  W.   W.,  Western   Editor,   Engineering  Record,    1570 

Old  Colony  Bldg.,  Chicago.  Oct.  22, 1910 

Delano.  I'ki  mkku    A.,  Pres.,  C.  I.  &  L.  Ry..  Transportation  lUdg.. 

Chicago.  May  24.  1897 

Dencer,  Frederick  W.,  Engineer,  Gary  Plant,  American  Bridge 

Co.,  Gary,  Ind.  Oct.    6, 1909 

Denise,    Charles    M.,    Contracting    Engr..    McClintic-Marshall 

Construction  Co.,  First  National  Bank  Bldg.,  Chicago.  June  11, 1904 
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Dknnis,  \V.   F.,   Consulting  Civil   Engineer,  2201    .Massaciuisotts 

Ave.,  W'ashington,  D.  C.  Dec.     5,  1894 

DeWolf,    Frank    W.,    Director,    State'  Geological    Survey,    Ur- 

bana,  111.  Jan.     7,  1910 

Dike,  Chester  T.,  General  Supt.,  C.  &  N.  W.  Ry.  Co.,  Huron, 

S.  D.  May   8. 1901 

Dinwiddie,  Edwin,  Engineering  Department,  Mineral  Point  Zinc 

Co..  De  Pue,  111.  Mar.  12, 1907 

Dodge,  Gordon   F.,  Robins  Conveying  P)elt  Co.,  26(X)   Park   Row 

Bldg.,  New  York,  N.  Y.  ^  Apr.  10,  1909 

DooGE,  Gerard  C,  Squad  Boss,  .\merican  Bridge  Co.,  Gary,  Ind.  Dec.     8.  191,3 
Dose,  Henry  Frederick,  3539  Pestalozzi  St.,  St.  Louis,  Mo.  June    5,  1896 

Dougherty,   Curtis.   Chief   Engineer,   C.    N.    O.   &   T.    P.    Ry., 

Ingalls    Bldg.,    Cincinnati,    Ohio.  Apr.    2, 1890 

Downing,  Floyd  E.,  Mechanical  and  Electrical  Engineer,  950  N. 

50th  Court,  Chicago.  Nov.  27,1912 

Dratz,  Paul  A.,  Sales  Engineer,  1245  Marquette  Bldg.,  Chicago.  Jan.     6,  1910 
DucscHER,   Bernard,  address  not  known.  Dec.     3,  1912 

DuGAN,   David   H.,   Asst.    Engr.,    Sanitary   District   of    Chicago, 

Chillicothe,  111.  Aug.    8,  1912 

Dull,  Raymond  W.,  Pres.,  Raymond  W.  Dull  Co.,  Chamber  of 

Commerce  Bldg.,  Chicago.  Oct.     23, 1907 

Dunbar,  James  H.,  Mechanical  Engineer,  The  Grasselli  Chem- 
ical Co.,  Cleveland,  Ohio.  Apr.    7, 1902 
Durham,  Robert  P.,  Vice-Pres.,  John   S.    Metcalf   Co.,   54   St. 

Francis  Xavier   St.,   Montreal,   Que.  Dec.     7,  1906 

Duryea,    Edwin,   Jr.,   Cons.    Engr.,    Duryea,    Haehl    &    Gilman, 

Civil  Engineers,  Humboldt  Bank  Bldg.,  San  Francisco,  Cal.      Feb.     3,  1892 
Dyer,  Jamks  A.,  Asst.  Engr.,  C.  &  X.  W.  Ry.  Co.,  Pekin,  111.  June    6,  1912 

Ellicott,  Edward  Beach,  Electrical  Engr.,  Sanitary  District  of 

Chicago,  900  S.  Michigan  Ave.,  Chicago.  Aug.    6,  1900 

Ely,  Howard  M.,  Supt.,  Danville  Water  Co.,  Danville,  111.    Jun.  Apr.  18, 1901 

Active  Jan.    9,1906 
Ericson,    E.    G.,    Prin.    Asst.    Engr.,    Penna.    Company,    Union 

Station,  Pittsburg.  Pa.  May   4, 1886 

Ericson,  John,  City  Engineer,  402  City  Hall,  Chicago.  May   4,  1886 

Ericsson,  Henry,  Commissioner  of  Buildings,  City  of  Chicago, 

City  Hall,  Chicago.  Mar.    6,  1914 

Eustace,  John  H.,  Chief  Engr.,  People's  Gas  Light  &  Coke  Co.. 

Michigan  Ave.,  Chicago.  Mar.    1, 1898 

Evans,  Herbert  H.,  Secretary  and  Engr.,  Committee  on  Local 

Transportation,  City  of  Chicago,  Chicago.  Feb.    8,1911 

Evans,  Louis  H.,  Chief  Engr.,  N.  O.  T.  Co.,  New  Orleans,  La.    Feb.     3, 1892 
Evans,  W.  G.,  Asst.  Engr.,  South  Park  Commission,  57th  St.  and 

Cottage  Grove  Ave.,  Chicago.  June  5,  1909 

Ewen,  John  Meiggs,  Consulting  Engineer,  The  Rookery,  Chi- 
cago. Mar.    7,1890 
Ewen,  Malcolm  Faulkner,  Vice-Pres.  and  Gen.  Mgr.,  Chicago 
Iceless  Refrigeration  Co.,   1122  Harris  Trust   Bldg..   Chicago. 

Jun.  June  11,  1903,  Active  Mar.    3,1905 
Ferguson,  James  Easton,  Gen.  Supt.,  Toledo  Bridge  &  Crane 

Co.,  Toledo,  Ohio.  June   6,1903 

Fingal,  Charles  A.,  with  Leonard  Construction  Co.,  1937  Mc- 

Cormick  Bldg.,  Chicago.  Nov.    9,1909 

FINLEY.   W.   H.    (Past   President),  Asst.   Chief   Engr.,   C.   &. 

N.  W.  Ry.  Co..  226  W.  Jackson  Blvd.,  Chicago.  Nov.    7,  1894 

Fischer    F.  W.,  Civil  Engineer  and  Architect,  9154  Commercial 

Ave..'  Chicago.  Nov.    7.  1889 

Fleming,    Harvey    B.,    Vice-Pres..    Chicago    City    Railway    Co., 

First   Nat'l.   Bank   Bldg.,   Chicago.  Jan.   14,  1907 
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I'l.oTO,  Jri-R-s,  Arcliitcctiiral   l-liiKinccr  &  Manufacturer's  Agent, 

910  Clianibcr  of  Commerce  BUlfi.,  Cliicago.  Jan.     9,  1905 

FooTE,  Erastl's,  President,  Dearborn  Foundry  Co.,  1525  S.  Dear- 
born St.,  Chicago.  May     3.  1881 

Ford.  Grant,  Chief  Engineer,  Knox-Heskett  &  Co.,  1410  Fisher 

Bldg.,  Chicago.  July     7,  1910 

Forsyth,  Robert,  Consulting  Engineer,  1159  The  Rookery,  Chi- 
cago. Feb.    5.  1878 

Fowler,  Edwin  J.,  Statistician,  Commonwealtli   Edison  Co.,  120 

W.  Adams  St.,  Chicago.  Dec.  26,1911 

Fowler,    M.    M.,   with    General    Electric    Co..    1031    Monadnock 

Block,  Chicago.  Jun.  Apr.  13,  1904,  Active  Sept.  10, 1906 

Fox,  Allen   L..  Civil  and  Consulting  Engineer,   1713  West   End 

Ave.,  Chicago   Heights,  111.  Aug.    4,1911 

Fox,  Henry,  Ch.  Engr.,  Maryland  Dredging  and  Contracting  Co. 
and  Furst-Clark  Dredging  Co.,  1515  Fidelity  Bldg.,  Balti- 
more,   Md.  Oct.    3,  1900 

Fralev,    Lawrexci;    V.,    Engineer,    Roberts    &    Schaefer    Co.,    Mc- 

Cormick    Bldg.,    Chicago.  Dec.     9,  191U 

Frandsen,    N.    p..    President,   Frandsen    Construction    Co.,    1015 

Schiller  Bldg.,  Chicago.  Dec.     7.  1903 

Franson,  Charles  F.,  Third  Vice-Pres.,  James  Stewart  &  Co., 

30  Church   St.,  New  York,  N.  Y.  Nov.  11.1889 

{■'rkdhric  KSON.   John    Henry,    Manager,   Western    Office.    James 

Stewart  &  Co..  612  Walker  Hank  Bldg.,  Salt  Lake  City.  Utah.   Dec.     2.  1901 

Freeman,  Ernest  H.,  Prof,  of  Electrical  Engineering.  Armour 

Institute  of  Technology,  Chicago.  Apr.  17,  1907 

French,  Herbert  E.,  City  Engineer  and  Supt.  of  Water  Works, 

Baraboo.  Wis.  Nov.    5.  1902 

Fridstein,  Meyer,  Sec'y-Treas.,  Dunphy-Fridstein  Co.,  812  Ma- 
jestic Bldg.,  Milwaukee,  Wis.  May    4,1911 

Fry.  George  W.,  .\ttorney-at-Law,  Clarcmore,  Okl.i.  July  2S,  1909 

FuciK,  Edward  James.  Engineer,  Great  Lakes  Dredge  &  Dock 

Co.,  Chicago,  111.  Jun.  May  14,  1902,  Active  Feb.     5,  1910 

l-'iKs.MA.N.  W.\i.  H.,  Coal  Mining  and  Mining  Engineer,  Ilenry- 
etta,  Okla. 

(iARELMAN.  Jii.us  (].,  .\sst.  Ch.  luigr.  of  Strccts,  207  Citv  Hall, 

Chicago.  "  Sept.  14.  1910 

(iAFFiN.  William  Ward,  Gaflin  &  (khri.  Engineers  &  Contrac- 
tors, LSO  Sheboygan  St..   I'ond  du  Lac,  Wis.  .\pr.  10.  1902 

Garcia,  John  .'\.,  Allen  &  Garcia  Co.,  McCormick  Bldg.,  Chi- 
cago. Mar.   9. 1908 

Gardner,  Thomas   M.,  Consulting  Engineer.  .Anna,   111.  Feb.  12,1906 

Gayman,  B.  a.,  Asst.  Chief  Engr.,  Link-Belt  Co.,  39th  and  Stew- 
art Ave.,  Chicago.  Jan.  17,  1907 

Gear,  Harry  Barnes,  Engineer  of  Distribution.  Commonwealth 

Edison  Co.,  28  N.  Market  St.,  Chicago.  Apr.    26, 1907 

GI-BIIARDT.  (iEpRGE  !•.  (Third  Vice-President),  Prof,  of 
Mechanical  Engineering,  .\rmour  Institute  of  Technology, 
Chicago.  Mar.    4,  1907 

C.erher,   WiNi-REi)    I)..    Tin-    W.    S.    Shields    Co.,    1201    Hartford 

Bldg..  Chicago.  Oct.  15.  1910 

Gersbach,  Otto.  Engr.,  Maintenance  of  Wav.   Indiana   Harbor 

Belt  R.  R.,  Gibson,  Ind.  '    Jun.  Dec.  5,  1902  Oct.    9,  1906 

GIAVER,  JOACHIM  G.  (Trustee),  Chief  Structural  Engineer, 

D.  H.  Burnham  &  Co.,  Railway  Exchange,  Chicago.  Nov.  12, 1901 

(.iHsu.N,  JosiAii.  C.  E.,  Consulting  Structural  Engineer.  921   Hlack 

MIdg.,  Los    \ngeles,  Cal.  Aug.    6.  1900 
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GiDDiNGS,    Frederick    A.,    Civil    Engineer,    The   Cherokee,    Lake 

Charles,  La.  Feb.     L  1887 

GiFFORD,  Robert  L.,  Pres.,  Illinois  Engineering  Co.,  Monadnock 

Bldg.,  Chicago.  Jan.  11,  1897 

Giles,  John  A.,  City  Engineer,  Binghamton,  N.  Y.  Assoc.  Oct.    10, 1902 

Active  Oct.    7, 1905 

GiRAND,  James  B..  Consulting  Engineer,  3  and  4  Central  Bldg., 

Phoenix,  Ariz.  July  9,  1901 

Goldberg,  Hyman  E.,  Consulting  Patent  Engineer,  1222  Monad- 
nock Block,  Chicago.  July  25, 1911 

Goldmark,  Hekrv,  270  W.  94tli  St.,  New  York,  X.  Y.  Dec.  20, 1893 

Grady,  John  Edward.  Engineer,  Great  Lakes  Dredge  and  Dock 

Co..  'Cleveland,  Ohio.  Jun.  Sept.  3,  1897,  Active  Dec.  30,  1902 

Graham,  Douglas  A.,  Prin.  Asst.  Engr.  with  Dabney  H.  Maury, 

1137  Monadnock  Block,  Chicago.         Jun.  Jan.  2,  1910,  Active  Dec.    8, 1910 

GRANT,  BERTRAXD  E.  (First  Vice-President),  Division 
Engineer,  Board  of  Local  Improvements,  207  City  Hall, 
Chicago.  Nov.  24,  1850 

Gray,  Elam,  Structural  Engineer,  1263  Monadnock  Block,  Chi- 
cago. Mar.    3,  1891 

Green,  Edward  A.,  Consulting  Engineer,  Fuller  Hotel,  Detroit, 

Mich.  Nov.    4,1911 

Green.  Frederick  Wm.,  Gen'l  Mgr.,  Louisiana  &  Arkansas  Ry., 

Stamps,  Ark.  May  12.  1913 

Green,  Paul  Evans,  Consulting  Engineer,  member  of  firm  Aetna 

Engineering   Bureau,   17   N.   La   Salle   St..   Chicago.  Apr.    8,  1509 

Groh,  Bernard  C,  Consulting  Engineer,  Automatic  Electric  Co.. 

1001  W.  Van  Buren  St..  Chicago.  Oct.  19.  1910 

Groh  MANN,  A.  T.,  Civil  Engineer,  U.  S.  Engineer  Office,  Federal 

Bldg.,  Chicago.  Nov.  30,  1904 

GuDEMAN,  Edward,  Ph.  D.,  Consulting  Chemical  and  Technical 

Engr.,  903  Postal  Tel.  Bldg.,  Chicago.  July  17,1911 

GuiLLEMiN,  Victor,  Chief  Engr.,  Wisconsin  Bridge  &  Iron  Co., 

Milwaukee,  Wis.  June  10.  1509 

Hadsall,  Harry  H..  Sec'y  and  Gen.  Supt.,  Leonard  Construc- 
tion Co..   1937  McCormick  Bldg..  Chicago. 

Jun.  Oct.  28.  1899,  Active  Apr.  13. 

Hadwen.  T.  Lovel  D.,  Engr.  of  Masonry  Const.,  Engrg.  Dept., 

C,  M.  &  St.  P.  Ry.,  Railway  Exchange,  Chicago.  May  13, 

Hagar,  Edward  McKim.  President,  Universal  Portland  Cement 

Co.,  208  S.  La  Salle  St.,  Chicago.  Tulv  30. 

Haggander,  G.  a.,  Asst.  Bridge  Engr.,  C.  B.  &  Q.  R.  R.,  547  W. 

Jackson  Blvd.,  Chicago.  Jan.     9, 

Haines,  F.  A.,  Chief   Engr.,  R.   R.   Dept..  C.  A.   Smith   Timber 

Co.,  Myrtle  Point,  Ore.  Nov.    8. 

Hall,  Edwin  C,  Consulting  Structural  Engineer,  1364  Monad- 
nock Block,  Chicago.  Apr.     5, 

Hall,  John  L.,  2nd  Vice-Pres.,  Purdy  &  Henderson,  1142  Henry 

Bldg.,  Seattle,  Wash.  Assoc.  June  4,  1902,  Active  Feb.  11, 

Hall,  Merton  G.,  Hall  &  Adams,  Civil  and  Sanitary  Engineers, 

Centerville,   Iowa.  .\pr.    5, 

Hallberg.  L.  G..  Architect,  19  So.  La  Salle  St.,  Chicago.  Feb.    6. 

Hallsted,  James  C,  with  Robert  W.  Hunt  &  Co.,  2200  Insur- 
ance Exchange,  Chicago.  July    5, 

Hamilton,  Robert,  653  Alilwaukee  St.,  Milwaukee,  Wis.  Mar.    8, 

Hammer,  Mahlon  J.,  Structural  Engr.,  with  D.  H.  Burnham  & 

Co.,  Chicago.  Apr.  14, 

Hancock.  Edwin.  Vicc-Pres..  Central  Engineering  Bureau,  1810 

Harris   Trust   Bldg..   Chicago.  Nov.  11. 

Hand,  George  W.,   Valuation  Engineer,   C.  &   N.   W.   Ry.   Co., 

Chicago.  ■  Oct.    4, 
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Hvv^FN.   P.M-L,   Chief    Knginecr.    Illinois    State   Water    Survey  _ 

I  rbana,   111.  ,,..,- 

lI\Ri)iN(j  C  pRXNeis,  Professor  of  l-:iectrical  Lngineenng  and 
Director  of  Electrical  Laboratory,  Purdue  University,  La- 
fayette,   Ind.  ^      .         .         ^       •^l""'    "'  ^^^- 

Harman,    Iacoi!   a.,   Civil    Engineer,   Harnian    Engineering   Co 

120  Fredonia  Ave.,   Peoria,  111.  Sept.  26, 1890 

HERMAN    JoH.v   lAMES,  Mecliauical  Engr.,  Harman  Engineering 

'  Co.,  120  I'redonia  Ave.,  Peoria,  111.  Apr.    /.  19()8 

HarriN(;ton.    Joskph.    Boiler    Room    Economist,    220    So.    State 

St     Chicago.  Mar.  11.1908 

Hartz'ixl,  Emory  F.,  with  Link-Belt  Co.,  Chicago.  Mar.    5, 1910 

Hatch,  James  N.,  Structural  Eng.,  with  Sargent  &  Lundy,  Rail- 

way  Exchange,  Chicago.  Aug.    9,  1902 

Haubrich,  Alex.   M.,  Chicago  Mgr.,   Stromberg-Carlson  Tele- 

phone  Mfg.  Co.,  Chicago.  Dec.     6.  1909 

Hawkins,  Horace  C,  Supt.  Oskaloosa  Water  Co.,  Oskaloosa, 

Iowa.  ,^.   .        ^      O^^-    7.1910 

Hawkins,   Melville    S..    Gen.    Supt.,   Oliver    Iron    Mining   Co., 

Virginia.  Minn.     Not  a  member  in  1895-9.  Mar.    1,  1«93 

Hawks,  F.  W.,  Galesburg,  Mich.  May    2,  1901 

H  WFoRi..   John    F.,    Director.    College    of    Engineering,    \orth- 

western  University,  Evanston.  111.  .  Dec.     6.  1909 

Ilx/.ARD    William   A.,  Wright  &   Hazard,  Consulting  and  Con-  ^  ,^, 

tracting    Engrs.,    Electric    Bldg..    Buffalo,    X.    Y.  Apr.    6,1903 

Heald,  James   H.,  Jr.,   Engineer.   Lassig   Plant   Drawnig   Room, 

American  Bridge  Co.,  Chicago.  ^        .       ^         ,  ,,       .     Nov.    9.  19()9 

Hecht.  J.  L.,  Mechanical  Engineer,  Public  Service  Co.  of  North-  ,^  ,^,, 

crn  Illinois.  12  W.  Adams  St.,  Chicago.  Jan.  19.    90/ 

Hfck  Frank  F.,  Civil  Engineer,  128  N.  La  Salle  St..  Chicago^      June    2.  1890 
Hedges,  Samuel  H.,  Pres.,  Puget  Sound  Bridge  &  Dredging  Co.,  ^.  .^, 

Seattle,  Wash.  J^"-  24.   901 

Heer,  Peter,  3509  Perry  St.,  Chicago.  Jan-    4, 1»8/ 

Hkciardt.  G.   B.,  Chief   Engineer,   Commission   of   Public    Docks, 

Worcester  Bldg.,  Portland,  Ore.  ^  ^lay    4.1886 

Hegeler,  Julius  W.,  Smelter  of  Spelter  and  Manufacturer  of 

Sulphuric  Acid,  Hegeler  Bros.,  Danville,  111.  Mar.    5, 1890 

Heine,   Heinrich,  President,   The   Heine   Chimney   Co.,  72   VV.  ^ 

Adams  St.,  Chicago.  ,         ,    ,^   ^  ^   „         J"'y     -  ^^- 

Hi  NDKK.  l-:iiw.\Ri)  Thomas,  Secretary,  Joseph   \.  Rycrson  &  ^ons.  _ 

16th   and    Rockwell   Sts.,   Chicago.  .I^>'i^"    '•^^' 

Henderson,    Lightner,    Purdy    &    Henderson,    Monroe    Bldg..  ^^^ 

Chicago  -jep  .      , 

Henderson,  Roy  M.,  Asst.  Construction  Mgr.  Stone  &  Webster 

Engr.  Corp.,  Boston,  Mass.  ,  ..        v     ,    ^""^  ^"' 

11i;ri.\(„  Ri-DOLPH.  Mering&  Gregory.  170  Uro.idway.  New  \  ork, 

Y    Y'  June    1.  Ioo6 

Hermanns,  F.  E..  IKrnianns.  Ma.lden  &  Co..  103  Pf^  Av'-^-.  ^>;w 

York    X    Y  lull-  Apr.   12,   1902.   Active  Oct.  22. 1908 

HERR.  HIERO  B.  (Past  President),  Consulting  Engineer,  1140  . 

Monadnock  Block,  Chicago.  -'""^  l^-  1*^ 

Hkrrold,  George  Herbert,  Oftice  Engineer,  Department  of  Public 

Works,  St.   Paul,   Minn.  Apr.     5.  IVUO 

Hettelsater.  C.  H.,  Architectural  Engr.,  D.  H.  Burnham  &  Co., 

Railway  Exchange,  Chicago.  ^J'-'^-  '^'  '^-^ 

Heuser,  J.  H.,  Mechanical  and  Structural  Engineer,  1262-4  Mo-  ^ 

nadnock  Block,  Chicago.  J"'y    ,7  ™, 

IlKWKRi.i.NK,  Ti.o.M.xs  Sloan    Box  161.  I'isher.  111.  Jan.  -4.  1^10 

Hevworth,  James  O.,  Engineer  and  Contractor,  Harvester  Bldg., 

Chicago  May   8.1909 
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Hill,  C.  D.,  Engineer,  Board  of  Local  Improvements,  City  Hall, 

Chicago.  Apr.    2,  1890 

Hill,   George   S.,   Consulting   Engineer,  601    Hearst    Bldg.,    San 

Francisco,  Cal.  Feb.  14,  1906 

HiLLEBRAND,   G.    H.,   North   Crystal   Lake,   111.  Mar.    1,1898 

HiLLKR,  Joseph  Lillburne,  Treasurer  and  Chief  Engineer, 
Pennsylvania  Crusher  Co.,  Stephen  Girard  Bldg.,  Philadel- 
phia,   Pa.  Mar.  12,  1910 

Hillman,  Frank  W.,  .\sst.  Engr..  C.  &  X.  W.  Ry.,  226  W.  Jack- 
son  Blvd.,    Chicago.  Jun.    Oct.   6,    1905,  .\ug.  11,  1910 

HiNDSHAW,    Henry    H.,    Geologist    and    Mining    Engineer,    317 

N.  Albany  St.,  Ithaca,  N.  Y.  Feb.  20,  1912 

HoBACK,  W.  R.,  Supt.  Gager  Lime  &  Manufacturing  Co.,  Sher- 
wood,  Tenn._  Sept.    8,  1913 

HoFF,  J.  H.,  with  American  Bridge  Co.,   Commercial   National 

Bank  Bldg.,  Chicago.  July     1,  1899 

Hoffman,  Balthasar,  Asst.  Engr.,  Committee  of  Investigation 
on  Smoke  .Abatement  and  Electrification  of  Railway  Ter- 
minals.  122  So.  Michigan  Ave.,  Chicago.  Feb.    4.  1914 

Hoke,  George  B.,  Draftsman,  American  Bridge  Co.,  Gary.  Ind.    Sept.    8,  1913 

Holmes,  Frank.  Resident  Engr.,  Quartermaster's  Dept.,  Isth- 
mian  Canal   Commission,   Culebra,   C.   Z.  Jan.  28,  1901 

Holsman,  Henry  K.,  Architect,  Mechanical  Consulting  Engi- 
neer, Fisher  Bldg.,  Chicago.  July    8,  1907 

HoNENS,  F^rei.  W.,  Sterling  Foundry  Co.,  Sterling,  111.  July     1,  1859 

Horn,  George  W.,  Structural  Engr.,  Board  of  Education,  Chi- 
cago. Aug.   8,  1910 

HoRTON,    George    Terry.    President,    Chicago    Bridge    &     Iron 

Works,  105th  and  Throop  Sts.,  Chicago.  Nov.    7,  1891 

Hosea,  Raphael  Moore,  Chief  Engineer,  The  Colorado  Fuel  & 

Iron  Co..  Minnequa  Works,  Pueblo,  Colo.  Feb.  11,  1904 

HosKiNS.   Wm.,   Mariner   &   Hoskins,    Chemists   and    Engineers, 

2009  Harris  Trust  Bldg..  Chicago.  Sept.    4,  1889 

HoTCHKiss.  Charles  W.,  Pres.,  Richmond  Light  &  Railroad 
Co.,  New  York,  X'.  Y.,  and  Pres.,  Chicago  Utilities  Co.,  Chi- 
cago, 55  Wall  St..  \ew  York.  X.  Y.  June    2,  1895 

HoTCHKiss,   Louis   J.,    Engineer,    Bates   &    Rogers    Constr.    Co., 

885  Old  Colony  Bldg.,  Chicago.  Apr.    6.  1906 

Houser.   .Arthur   M.,   Mechanical    E.xpert,    Crane    Co.,   836    So. 

Michigan  .Ave.,  Chicago.  Mar.    6,  1909 

HowsoN,  Elmer  T.,  Civil  Engineering  Editor,  Railway  Age  Ga- 
zette,  Transportation   Bldg.,  Chicago.  Jan.  14,  1911 

HoYT,   Warren   A.,   Consulting   Engineer,   Reinforced   Concrete, 

455  Old  Colony  Bldg.,  Chicago.  May     7,  1906 

Hudson,  C.  H.,  Consulting  Engineer,   1021   Circle  Park,  Kno.x;- 

ville,  Tenn.  Nov.  14,  1876 

HuELS,  Frederick  William.  Electrical  Engineer,   115  State  St., 

Madison,  Wis.  Apr.    9,  1909 

Huffman,  Frank  C,  Asst.  Resident  Engr.,  C.  &  N.  W.  Ry.  Co., 

Pekin,  III.  Jan,     8,  1913 

Hughes,   W.    M..    Consulting    Engineer,    531    Postal    Telegraph 

Bldg.,  Chicago.  Dec.  21,  1892 

HUNT,  ROBERT  W.,  (Past  President),  Robert  W.  Hunt  &  Co., 

2200  Insurance  Exchange,  Chicago.  June    3,  1891 

Huston,  Richard  C,  R.  C.  Huston  &  Co.,  630-34  E.xchange  Bldg., 

Memphis,  Tenn.  Sept.  14,  1901 

Hyslop,  James,  Vice-Pres.,  Winnipeg  Safe  Works,  50  Princess 

St.,   Winnipeg,    Man.  Jan.  12,  1907 

Icke,  John  F.,  City  Engineer,  and  Supt.  of  Water  Works,  Madi- 
son, Wis.  Jnn.  Apr.  3,  1901,  Active  Feb.  13,  1906 
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ILLSLEY,  Wm.   a.,  Lanquist  &  Ulslcy  Co.,  General  Contractors, 

1100  N.  Clark  St.,  Chicago.  J"ne  15,  1891 

Ikwim;.  Thomas  J.,  Asst.   Engr.,  Construction   Uept.,   C.  &   X.  ,  ,^,-, 

W    Ry.,  Watertown,  Wis.  J  a"-     ''  1^1 -^ 

jAt:K.soN',  George  W.,  Engineer,  29  So.  La  Salle  St..  Chicago.       Nov.    5, 1902 

Jackson   John  Franklin,  Vice-Pres.,  Wisconsin  Bridge  &  Iron 

Co.,  Milwaukee,  Wis.  J""e    6,  1902 

|\(KS(jx    Wm    B.,  D.  C.  &  Wm.  B.  Jackson,  Consultmg  Engrs., 
" '    20th  Floor,  Harris  Trust  Bldg.,  Chicago.  Feb.     5, 1903 

Jamieson,  Bertrand  G..  Asst.  to  Electrical  Engr.,  Commonwealth  ^  ,„,,, 

Edison  Co.,  Chicago.  Ja"-    6.  1910 

Ii-i)licka,  Gustav  F.,  Mechanical  Engr.,  with  Martm  C.  Schwab, 

1514  Mailers  Bldg.,  Chicago.  Jan.  10,1903 

Jeffries     F    L,    Superintendent,    Corn    Products    Refining    Co., 

■  Argo'.  111.  .  >-'o^-  12, 1906 

Jeppesen,  Gunni,  Managing  Engr.,  Strauss  Bascule  Bridge  Co., 

104   S.   Michigan   Ave.,   Chicago.  -May  11.1912 

Johnson,  Arthur  N.,   State  Engineer.  Illinois   Highway  Com- 

mission,  Springfield,  111.  Dec.  24, 190/ 

Johnston,  J.  P.,  The  New  York  Engine  Co..  165  Broadway,  New 

York  City.  ^  ^        Aug.    6,  1902 

JoNFS,  Edward  Lindlev,  with  Hoeffer  &  Co.,  Chamber  of  Com- 

merce  Bldg.,  Chicago.  J""-   Feb.  20,   903 

Active  May  16, 1910 
JoNFS,  W.  D.,  Civil  Engineer  and  Surveyor,  1203  Hartford  Bldg., 

Chicago.  .       Sept.   5.1902 

[oRiiw    Wm    Fran-CIS,  Plant  Engr.,  American  Plant,  .\mcrican 
"      Bridge  Co.,  Chicago.  Assoc.  Mem.  Apr.  6,  1911.  Member  Jan.  12,1913 

Juergens,  Elmer,  Structural  Engineer,  Dearborn  Foundry  Co., 

Chicago.  ^  ^lar.    6,1912 

Junkersfeld,  Peter,  Asst.  to  Second  Vice-President,  Common- 

wealth  Edison  Co.,  Chicago.  June   6, 1903 

Ji-TTON,    Lke,    Division    Engineer,    C.    &    N.    W.    Ry..    Madison. 

\yj^  Jan.  10.  190/ 

Kallasch,  W.   M.,   Superintendent,   Leonard   Construction    Co., 

Chicago.  „    ^       ,         „    Aug.   6,1910 

Karner,  William  J.,  Sec'y  and  Trcas.,  Bowne  &  Co.,  Inc.,  »1  ,  ,.„„ 

Beaver  St.,  New  York  City.  Mar.    5, 1890 

Kassebat'm.   Fri.derkk  W..    Tr.,   Works   Mgr.,   Houston    Struc-  ^     ,„  ^ 

tural    Steel   Co..    Houston,   Texas.  Aug.  23.  1910 

Katte,  Walter,  Civil   Engineer    (Retired),  The   Ramondo,  784  ,^  ,„^_ 

Park  Ave.,  New  York,  N.  Y.  July  12.1869 

Kaufman,    Henry   J..    Chicago    Mgr.,    Sundh    Electric    Co.,  568 

Peoples  Gas   Bldg..   Chicago.  ^lar.    9.  1914 

Keerl,    Harry    D.,    Keerl-Stevens    Const.    Co.,    Peoples    Bank 

Bldg.,  Mason  City.  Iowa.  Jun.  Feb.  6.  190d,  Active  Jan.  25.  1910 

Keller,  Carl  A..  Asst.  Electrical  Engr.,  Commonwealth  Edison 

Co.,  28  N.  Market  St.,  Chicago.  Nov.  16, 1909 

Keller,  Charles  Lincoln,  First  Asst.  Engr..  The  Scherzcr  Roll- 

ing  Lift  Bridge  Co.,  Monadnock  Block.  Cliicago.  Jan.  28,  1899 

KELL(.(;fi,   Henry   L.,  Engr.,   Chicago  Transfer  &  Cleaning   Co., 

First    Nat'l   Bank   Bldg.,   Chicago.  Sept.  10, 1910 

Kendrick,  J.  W.,  Consulting  Railway  Expert,  1720  Stcger  Bldg., 

Chicago.  Nov.    7,1907 

King,  Frank  E.,  District  Carpenter.  C.  M.  &  St.  P.  Ry..  Mm- 

neapolis,  Minn.  Ja"-  21.  1909 

Kirklam).  Harry  B.,  Pres..  Concrete  Mixing  and   Pl.icing  Co.. 

123  W.  Madison  St..  Chicago.  l'<^''-  -2.1911 

Kreer,  John  G.,  President,  Cliicago  Steel  Products  Co.,  2025-57 

Elston  Ave.,  Chicago.  Sept.  1/,  1903 


MEMBERS  29 

DATE  OF 
^^  ^^  MEMBERSHIP 

Kreisingkr,  Henry.  Engineer,  U.  S.  Bureau  nf  Mines,  Pitts- 
burgh,   Pa.  Feb,  11,1907 

Krum,    Chas.    L.,    Secretary,    Western    Cold    Storage    Co,    421 

North  State  St.,  Chicago.  June  10,  1902 

KuNSTMAN,  Robert.  Consulting  Engineer,  (Chemical  Technol- 
ogy), 4  Martin  Bldg.,  Little  Rock,  Ark.  Apr.     3,1902 

La  Bach,  Paul  M..  Asst.  Engr.,  Rock  Island  Lines,  803  La  Salle 

St.   Station,   Chicago.  Apr.    7,  1913 

Lake,  Edw.  N.,  Stone  &  Webster  Engineering  Corporation,  601 

First  Nat'l  Bank  Bldg.,  Chicago.  Feb.     5,  1907 

Lamphere,  F.  E.,  Asst.  Engr.,  B.  &  O.  C.  T.  R.  R.,  353  B.  &  O. 

Station,  Chicago.  Jun.  Feb.  28.  1907,  Active  Feb.  10, 1909 

Langenheim,  Wm.  G.,  Baxter  Ave.,  Avondale,  Cincinnati,  O.       June    6,  1902 

Lawry,  Raymond  G.,  Asst.  Engr.,  Roberts  &  Schaefer  Co.,  Mc- 

Cormick  Bldg.,  Chicago.  Nov.  12, 1906 

Layfield,  E.  N.,  608  So.  Dearborn  St.,  Chicago.  Aug.    7,  1903 

Lazenby,   Paul   H.,   Engineer,   Chicago   Plan   Commission,    1800 

Railway   Exchange,   Chicago.  Sept.    5,  1913 

LEE,  E.  H.  (President),  Vice-Pres.  and  Chief  Engr.,  Chicago  & 
Western  Indiana  R.  R.  and  Belt  Ry.  of  Chicago,  Dearborn 
Station,   Chicago.  Nov.    7,  1889 

Lee,  William,  Asst.  Engr.,  Board  of  Local  Improvements,  City 

of  Chicago,  207  City  Hall,  Chicago.       Not  a  member  1906-9  xA.pr.  12,1890 

Leininger,  Walter  G.,   Supt.  of  Streets,   City  of   Chicago,  City 

Hall,  Chicago.  Jan.     7,  1910 

Leisner,  p.  W.,  Bridge  Designer,  Bridge  Dept.,  C.  &  N.  W.  Ry., 

226  W.  Jackson  Blvd.,  Chicago.  '  Mar.    6,  1911 

Lenth.  George  C.  D.,  Asst.  Ch.  Engr.,  Bureau  of  Sev^^ers,  Board 

of  Local  Improvements,  City  Hall,  Chicago.  Dec.     9,  1910 

LiCHTNER,  Wm.  O.,  Associate  of  Sanford  E.  Thompson,  Cons. 

Engr.,  Newton  Highlands,  Mass.  Apr.  13,  1914 

Liljencrantz,  G.  a.  M.,  U.  S.  Assistant  Engineer,  509  Federal 

Bldg..  Chicago.  Jan.  18, 1878 

LiNDAu,  A.  E.,  Chicago  Manager,  Corrugated  Bar  Co.,  72  W. 

Adams   St.,   Chicago.  Feb.  18,1903 

LiNDAY,  Geo.  N.,  with  American  Bridge  Co.,  Commercial  Na- 
tional Bank  Bldg.,  Chicago.  '  July     1,  1899 

Llewellyn,  Frank  J.,  Div.  Cont.  Mgr.,  American  Bridge  Co.  of 

New  York,  208  S.  La  Salle  St.,  Chicago.  Dec.   14,  19(W 

Logan,   Howard,  Manager,  Order   Dept.,   General   Electric   Co., 

Monadnock  Block.  Chicago.  Mar.     3,  1909 

Logeman,   Richard   T.,  'Engr.,   witli    .American    Bridge   Co.,   208 

S.  La  Salle  St.,  Chicago.  July     9,  1913 

Lothholz,  Harry  C,  Office  Engr.,  C.  M.  &  St.  P.  Ry.,  Railway" 

Exchange,    Chicago.  Jun.    Mar.    11.    1901,   Active  May    5,1905 

Louwerse,  Peter  M.,  Civil  Engr.,  with  Trussed  Concrete  Steel 

Co.,   Youngstown,   Ohio.  Oct.    9,  1907 

Lovewell,  Maurice  N.,  Asst.  Engr.,  South  Park  Commissioners, 

57th  St.  and  Cottage  Grove  Ave.,  Chicago.     Jun.  Jan.  9,  1901.  May  11,1903 

Lowe,  Jesse,  Civil  Engineer  and  Contractor,  Beardstown,  111.  Jan.     2, 1895 

LOWETH,   C.  F   (Past   President),  Chief   Engineer,   C.   M.  & 

St.  P.   Ry.,  Railway  Exchange,  Chicago.  Jan.  14,  1901 

Lowther,  John  E.,  Asst.  Engr.,  C.  M.  &  St.  P.  Ry.,  Union  Depot, 
Milwaukee,  Wis.  Feb.  17,  1910 

Ludlow,  Charles  G.,  Manager,  Crosby  Steam  Gage  &  Valve  Co., 

180  N.  Market  St.,  Chicago.  July    9,1901 

Lunn,   Ernest,   Battery  Engineer,   Commonwealth   Edison   Co., 

120  W.  Adams   St.,  Chicago.  Mar.     9, 1908 

Luten,  Daniel  B.,  Consulting  Engineer,  802  Traction  Ter- 
minal,   Indianapolis,   Ind.  Mar.     6,  1909 
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Lydon,  William   A.,   Pres.,  Great  Lakes   Dredge  &  Dock  Co., 

Monroe  Bldg.,  Chicago.  .  Sept.   6. 1887 

Lyman,  Tames,  Member  of  firm  of  Sargent  &  Lundy,  Railway 

Exchange,  Chicago.  v^"""  ^2'   S^ 

I  VON    Fkkii  I)..  1319  Suiiiiysidc  .Ave..  Chicago.  -Nov.    6.  lyw 

Lyons.  James  Knox,  Pres.,  Gas  Power  Engineering  Corporation 

Empire  Bldg.,  Pittsburg.  Pa.  .  Mar.    6,   889 

Mabbs,  John  W.,  Chief  Engineer,  Congress  Hotel,  Chicago.  Mar.    7,  lyiU 

Macalister,  Robert  N.,  Mechanical  Engr.,  Robert  W.  Hunt  & 

Co.,  2200  Insurance  Exchange,  Chicago.  Aug.  lu,  iyu» 

M.Acno.\AiJ),   Fkki)   a.,   Civil   Engineer,   Armstrong.   Iowa.  I'cl).    3,189- 

Macdonald,  James,  Pres.,  Macdonald  Engineering  Co.,  553  Mon- 

adnock   Block,   Chicago.  Sept.  28, 1891 

Maddock,   Henry   S.,   Consulting  Engineer,  940   Sherman   Ave., 

Evanston,  111.  Sept.    5,1888 

Main,  W.  T.,  Silverton,  Oregon.  Mar.  26, 1908 

Maloney,  James  E.,  Secretary  and  Engr.,  State  Highway  Com- 

mission.    Denver,   Colo.  .  on  ^^.    t     ,         ^^      ' 

Maltby,  Arthur  Thomas,  Consulting  Engineer,  20  W.  Jackson 

Blvd.,  Chicago.  .  r.c.       r^u,      u  ^^^^      ' 

Mann,  L.  M.,  U.  S.  Asst.  Engr..  U.  S.  Engineer  Office,  Oshkosh, 

Wje  Dec.     3,  1889 

Mann.'William  F.,  City  Engineer.  Kokomo,  Ind.         ..     ,^        J"'y    \.\9\\ 
Marsh,  Don  E.,  Sec'y-Treas.,  Windes  &  Marsh,  Municipal  Im- 

provemcnts,  Glencoe,  111.  ^     .         .         ^         ^     ^P""-     ^'  ^^^^ 

Marsh,   James    B.,    President,    Marsh     Engineering     Co.,     Des 

Moines,  Iowa.  ^^     .         .        ^  .,  ,    r  i    ^  ' 

Marston,  Anson,  Dean  of  Div.  of  Engineering,  Iowa  State  Col- 

lege,  Ames,  Iowa.  ,,,.     .     ^      ,  ^       .^.  J">y     1'  1^99 

Marston,  W.  S..  with  North  Works.  Illinois  Steel  Co    Chicago. 

Jun.  Feb.  8,  1904,  Active  Mar.  11, 1908 
Martin,  Edgar  D.,  R.  E.  Schmidt,  Garden  &  Martin,  Architects, 

Monroe  Bldg.,   Chicago.  ,^     .         .        ^       Nov.  11, 1905 

.Martin,  Lewis   M..   Highway   Engr.,   General   Engineering   Sur- 

veys  and  Estimates.  Atlantic,  Iowa.  Jun.  July  11,  1904.  Aug.    8,  1908 

Martin.  William   F.,   Div.  .of   Bridges,   City  of    Chicago,   City 

Hall,   Chicago.  ,     ^.    ^.      ^^''-    ^.^ 

.Marvin.  Arua  B.,  Patent  Law,  35  Nassau  St..  New  \  ork,  .\.  ^  .     Jan.     6.  191U 
Marx,  Charles   David,  Prof,  of   Civil   Engineering  and   Cons. 

Engr.,  Leland  Stanford  University,  Santa  Clara  County,  Cal.  Oct.  24,  1890 
Mason,  Arthur  J.,   Hoover  &   Mason,   Contracting   Engineers. 

Railway  Exchange,  Chicago.  C)ct.  U.  IW^ 

Masters.  Frank  H.,  Div.  Fngr.  and  Supt.,  B.  &  B..  E.  J.  &  E. 

Ry.,  Gary,  Ind.  ,       ,  •'^P'--  ^^'  ^^^^ 

Maury,    D.\bney    H.,    Consulting     Engineer,     113/     Monadnock 

Block,  Chicago.  ,,,.^""'    -^^^ 

Mavkr.   (;KORf;i.    M..    I-:icctrical    and    Meclianical    Knginecr.    IIIH  _ 

Monadnock    IMock.   Chicago.  M^'X    '-l^'' 

McAllen.  Wm.  J.,  Mgr.,  Order  Dept.,  Warehouse  Dept.,  Illinois 

Steel  Co.,  1319  Wabansia  Ave..  Chicago.  J-i'i-     o.  l^"^ 

Mt  Ardi.k.  Peter  C,  .Assistant  State  Highway   l-".ngiiuer.  Spring-  ^ 

1-  .11     111  L)ct.     -,  IVU- 

McCan'liss',  Nekt  C.  908  Paseo,  Kansas  City,  Mo.  Dec.     8.  1908 

McCartney,  Wm.  M.,  Civil  Engineer,  C.  M.  &  St.  P.  Ry.  Co., 

Railway  l<:xchange,  Chicago.  May  -4,  iw/ 

McCoNNii.L.   John    L.,   with    Holal.ird    &    Roche.    1400    Monroe 

Bldg.,  Chicago.  Mar.  28. 1913 

McCL'LLOrtiii.   1-:RNI:ST    (Sccnd   Vice-President),  Consult- 

iiig    I'.Ms^ineer.    l.^tJ    M..i-,adn..ck    i'.lock,   Cliicago.  Dec.    /,  IVUJ 
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McDonnell,  Robert  Emmktt,  Burns  &  McDonnell,  Consulting- 
Engineers,   Scarritt   Bldg.,  Kansas  City,  Mo.  May  16,  19()1 

McElroy,  John  Howard,  Mechanical  Expert  in  Patent  Causes, 

1430  Monadnock  Block,  Chicago.  June    4,  1908 

McKiNXON,  John  B.,  President,  Kalamazoo  Railway  Supply  Co., 

Kalamazoo,  Mich.  June  15,  1891 

McMeen,  Samuel  G.,  Pres.,  Columbus  Railway  &  Light  Co.,  Co- 
lumbus, Ohio.     V.  P.,  McMeen  &  Aliller,  Inc.,  Chicago.  May  10,  1904 

Mead,  Daniel  W.,  Consulting  Engineer,  530  State  St.,  Madison, 

Wis.  Mar*.    1,1887 

Merriam,  L.  B.,  Consulting  Engineer,  452  Dominion  St.,  Win- 
nipeg,  Man.  Mar.    5, 1895 

Merrick,  Albert  W.,  Engineer  and  Contractor,  Boone,  Iowa.  May   6,  1901 

Mershon,  R.  J.,  Consulting  Engineer,  Ludington,  Mich.  Nov.    7,  1907 

Millar,  W.  Ed.,  Municipal  Drainage,  Drainage  and  Levee  Dis- 
tricts, Charleston,  111.  July    9, 1906 

Miller,  E.  D.,  6207  Wayne  Ave.,  Chicago.  Dec.  21,  1892 

Miller,    Hiram    Allen,    Consulting    Engineer,    8    Beacon    St., 

Boston,  Mass.  June    7, 1893 

Miller,  Kempster  B.,  McMeen  &  Miller,  Consulting  Engineers, 

1454  Monadnock  Block,  Chicago.  July    8, 1904 

Milligan,  Robert  E.,  Mgr.  N.  Y.  Cont'1-Jev/ell  Filtration  Co., 

15  Broad  St.,  New  York,  N.  Y.  Jan.   3. 1902 

Mills,  James  L.,  Electrical  Engineer,  North  Works,  Illinois  Steel 

Co.,   1319  Wabansia   Ave.,   Chicago.  Jun.   May   20,    1904,  Mar.  20,  1907 

Milton,   Taliaferro,   District   Engr.,   Electric   Storage   Battery 

Co.,  Marquette  Bldg.,  Chicago.  Dec.  11,1909 

Mitchell,  Roy  C,  Engr.  with  Morgan,  Walls  &  Morgan,  Archi- 
tects, Los  Angeles,  Cal.  Jun.  June  8,   1907,  Active  Nov.    6,1909 

MODJESKI.  RALPH  (Past  President),  Consulting  Civil  Engi- 
neer, R.  750,  220  So.  Michigan  Ave.,  Chicago.  Dec.    7, 1892 

Mohler,  Charles  K.,  Chief  Engr.  of  Railway  Dept.,  Board  of 

Public  Utilities,  218  City  Hall  Annex,  Los  Angeles,  Cal.  Nov.  13, 1907 

Mohr,  Louis,  Sec.  and  Consulting  Engineer  for  John  Mohr  & 

Sons,  349  W.  Illinois  St.,  Chicago.  Aug.   3, 1886 

Monroe,  Wm.  S.,  Mechanical  Engineer,  with  Sargent  &  Lundy, 

Railway  Exchange,  Chicago.  Aug.  19, 1901 

Montzheimer,  Arthur,  Chief  Engr.,  E.  J.  &  E.  Ry.,  Joliet,  111.    Apr.  11, 1903 

Moore,  Albert  B.,  Treas.  and  Gen.  Mgr.,  Shedd  Electric  Co.,  Inc., 

Roselle,  N.  J.  Feb.    6, 1909 

Moore,  C.  F.,  Consulting  Engr.,  United  States  Smelting,  Refin- 
ing &  Mining  Co.,  Salt  Lake  City,  Utah.  July  18, 1902 

Moore,  Lewis  E.,  Engr.  of  Bridges  and   Signals,  Public  Service 

Commission  of  Mass.,   1   Beacon   St.,   Boston,   Mass.  May   6,  1905 

Morava,  Wensel,  Pres.,  Morava  Construction  Co.,  85th  St.  and 

Stewart  Ave.,  Chicago.  Dec.    5,1900 

Morey,  Charles  W.,  Pres.,   Chicago  Technical  College,   116  S. 

Michigan  Ave.,  Chicago.  May     7,  1906 

Morgan,  Arthur  M.,  Hydraulic,  Electrical  and  Sanitary  Engi- 
neer, Harris  Trust  Bldg.,  Chicago.  May  13, 1904 

Morgan,  E.  Robins,  Res.  Engr.,  Robins  Conveying  Belt  Co.,  Old 

Colony  Bldg.,  Chicago.  Jun.   Nov.  8,   1906,  July    6,1911 

Morse,  Charles  Adelbert,   Chief   Engineer,   Rock  Island   Linos, 

La  Salle  Street  Station,  Chicago.  Apr.  11.1914 

Moss,  Earl  Comstock,  Cons.  &  Contr.  Engr.  for  Power  Trans- 
mission Equipments.  Chicago  Mgr.,  Morse  Chain  Co.,  112 
W.  Adams  St.,  Chicago.  June   6,  1903 
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Moss.   R.   S.,  Coal,  Oil  and  Water   Gas   Expert.  4217   Calumet 

Ave..  Chicago.  J^'y   J   906 

MoTT,  A.  D..  Ritter  &  Mott.  1707  Marquette  Bldg.,  Chicago.  Apr.  19, 1892 

Mountain,  J.  T.,  Asst.  to  Chief  Operating  Engr.,  Commonwealth 

Edison  Co..  Chicago.  Jun.  Jan.  9, 1906,  Active  Dec.     6, 1907 

Mi-KPiiKY,  Howard  Bruce,  Contracting  Engr.,  and  Mgr.,  South- 

crn  Office  Chicago  Bridge  &  Iron  Works,  Dallas,  Texas._  Feb.    3,  191U 

Murphy.   Edward  J.,  with  John   Lundie,    Consulting   Engineer, 

52  Broadway,  New  York,  N.  Y.  June    2,  1896 

Musham    John  W.,  Secretary,  Condron  Company,  1214  Monad- 
nock  Block,  Chicago.  Jun.  June  5,  1899.  Sept.  11.  190d 
Nash    Frank  Dana,  Consulting  Engineer,   Merchants   National 

Bank   Bldg.,  Vickshurg,   Miss.  Sept.    8,  190. 

Naylor,  Charles  William,  Consulting  Mechanical  Engineer.  121 

N.   State   St.,   Chicago.  _  May  19.  1908 

Ni-THi-RCUT    Ewiar  S.,  Consulting   l-'.nginccr.  705   Michigan  .Ave.. 
'     Evanston,   111.  O^'*- ^VSf 

NiCHOL,  John,  Civil  Engineer,  Western  Springs,  111.  Mar.    7, 1876 

NiCHOLL,   T.   J.,   Railway   Engineering,   care   American    Express 

Co.,  5  Haymarkct.  S.  W.,  London  Eng.  Sept.  10,  1872 

Nichols,  George  Perry.  Geo.  P.  Nichols  &  Bro.,  1090  Old  Colony 

Bldg..  Chicago.  Nov.    7,  1894 

Nichols.  Samuel  F.,  Geo.  P.  Nichols  &  Bro.,  1090  Old  Colony 

Bldg.,  Chicago.  Feb.  25,  1896 

Norwood,  C.  H..  Contracting  Electrical  and  Mechanical  Engineer, 

Plymouth  Bldg.,  Chicago.  Assoc.  July  9,  1904,  Feb.  11.  1910 

O'Byrne,  Frank  J.  J.,  Electrical  Inspector,  606.  125  N.  La  Salle 

St..   Chicago.  Sept.   7,1906 

O'M.vcan.   Hknuv  p..  Mgr..  O'l  lagan  &  Lake,  General  Contrac- 
tors.   1143    Monadnock    Block,    Chicago.  Mar,  14.  1910 
Olmsted,    Hknrv,    Jk.,    Consulting    Engineer,    13)0    Otis    Bldg., 

Chicago.  J"""-'  17'  151^ 

Olson,  Elmer  H.,  Clovis,  N.  M.  July    9, 1906 

Orbison.  Thomas  W.,  Consulting  Engineer,  Hydraulics,  Apple- 

ton,  Wis.  May  10, 1909 

OsTHOFF.  Otto  E.,  Vice-Pres.  &  Chief  Engr.,  II.  M.  Byllesby  & 

Co.,  208  S.  La  Salle  St.,  Chicago.  June    1.  ISm 

Owen,  Allan  F.,  Architectural  Engr.,  with  Geo.  C.  Nimmons. 

Peoples  Gas  Bldg.,  Chicago.  .         Oct.  12,  1906 

()zi\s     C     W      luiginrcr    and    Contractor,    619    I'lrst    National 

P.ank   P.ldg.,   (Jrcat   Falls.   :\lont.  Sept.  19,  190/ 

Page,  John  W.,  Engineer  and  Contractor,  1002  Security  Bldg., 

Chicago.  Mar.    1, 1898 

Paige,  Alonzo  W.,  45  Washington  Ave..  Schenectady,  N.  Y.  Dec.  13. 1869 

Palmer,  Ray,  City  Electrician.  City  Hall.  Chicago.  May  16,1912 

Parker,  Frederick  Y.,  U.  S.  Assistant  Engineer.  U.  S.  Engineer 

Office,  St.  Louis,  Mo.  Sept.   6,1907 

Parker,  W.  A.,  Chief  Engineer.  St.  J.  &  G.  I.  Ry.,  St.  Joseph, 

Mo.  Feb.   3.1892 

Parsons.  Walter  J.,  with  .American  Bridge  Co.,  304  Lincoln  St.. 

Flushing,  L.  I..  N.  Y.  Sept.  10,  1902 

Patterson.    W.    R.,    Patterson    &    Davidson,    1448    Monadnock 

Block,  Chicago.  July  23. 1909 

Pauley,   Ray   E.,   Mgr.   Tin    Shop   and    Heating    Dcpt..    Currie 

Hardware  Co..  Mason  City.  Iowa.  Dec.     7.  1908 

Pearl.   J  am  is    Warren,   Civil    Engineer.    Chicago    Harbor    and 

Subway   Commission.   139  N.   Clark   St..  Chicago.  -Apr.    7.  1913 

Pearse,  Langdon.  Div.  Engr.  in  charge  Sewage  Disposal  Investi- 
gations, Sanitary  District  of  Chicago,  9(X)  S.  Michigan  Ave., 
Chicago.  Nov  11.1910 
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Pennock,  George  Alger,  Plant  Engineer,  European  Organiza- 
tion, Western  Electric  Co.,  Bell  Telephone  Mfg.  Co.,  Antwerp, 
Belgium.  Apr.  15,  1907 

Perkins,  Edmund  T.,   Pres.,   Edmund   T.   Perkins   Engineering 

Co.,  First  Nat'l  Bank  Bldg.,  Chicago.  Aug.    5, 1910 

Perry,  Leslie  L.,  with  Sargent  &  Lundy,  1720  Railway  Exchange, 

Chicago.  Mar.    5,  1912 

Petersen.  John  H.  D.,  Engineer,  Link-Belt  Co.,  39th  and  Stew- 
art Ave..  Chicago.  Jan.  29, 1907 

Petersen,  W.  H.,  Engr.  Maintenance  of  Way,  C,  R.  I.  &  P.  Ry., 

Des  Moines,  Iowa.  June    4, 1909 

Phillips,   George  W.,   Pres.,   Phillips,   Lang  &  Co.,  2014   Fisher 

Bldg.,  Chicago.  Sept.  28,  1912 

Phillips,  James  W.,  Civil  and  Mining  Engineer,  Lewiston,  Cal.    Jan.  25, 1909 

Phillips,    Theodore    C,    Civil    and    Hydraulic    Engineer,    City 

Hall,  Chicago.  Jun.  July  16,  1901,  Active  Apr.  14,  1903 

PiEZ,  Charles,  President,  Link-Belt  Co.,  39th  St.  and  Stewart 

Ave.,  Chicago.  Dec.  21,  1909 

PiNSON,  JosiAH  F.,  Asst.  Engr.,  B.  &  B.  Dept.,  C.  M.  &  P.  S. 

Ry.,  Seattle,  Wash.  Apr.    9,  1907 

PoETSCH,   Charles  J.,  Civil  and   Consulting  Engineer,  25   Mack 

Block,    Milwaukee,    Wis.  Apr.  10,  1902 

Poland,  William  B.,  Vice-Pres.  and  Chief  Engr.,  The  Philippine 

Railway  Co.,  Manila,  P.  L  Aug.  17,  1912 

Pi).\D,  Frank   Havvvard,   Mgr.,  Chusc  Engine  &   Mfg.   Co.,   343 

So.    Dearborn   St.,   Chicago.  Jan.  12,  1914 

Poppenhusen,   P.   Albert,   President,   Green   Engineering  Co.,   28 

E.  Jackson  Blvd.,  Chicago.  Affil.  March  16,  1908,  Sept.    7,  1912 

Postel,  Fked  J.,  Consulting  Engineer,  705  Fisher  Bldg.,  Chi- 
cago. Dec.    9,  1912 

Potter,  Wm.  G.,   Engineer,  Water  and   -Sewerage  Improvement, 

Aberdeen,  S.  D.  Feb.     4,  1891 

PoTTS.  Frederick  A.,  Asst.  Engr.,  Wisconsin  R.  R.  Commission, 

206   Stephenson   Bldg.,   Milwaukee,   Wis.  Jan.  17,  1910 

POWELL,  AMBROSE  VINCENT  (Past  President),  Consult- 
ing Civil  Engineer,  1007  Chamber  of  Commerce  Bldg., 
Chicago.  Apr.    5, 1881 

Pratt,  Charles  A.,  Chief  Engr.,  Goodman  Mfg.  Co.,  Halsted  St. 

and  48th  Place,  Chicago.  June  16, 1903 

Pratt,   W.   H.,   General    Superintendent,   North   Works,   Illinois 

Steel  Co.,  Chicago.  June    5,  1899 

Prell,  John  S.,  Civil  and  Mechanical  Engineer,  1137  Geary  St., 

San   Francisco,  Cal.  Feb.     1, 1898 

Prior,  Joseph  H.,  Asst.  Ch.  Engr.,  Illinois  Pulilic  Utilities  Com- 
mission, Springfield,  111.  Oct.  20,  1898 

Pruett,  William    E.,   Designing  Engr.,   Kansas   City  Terminal 

Ry.,  Kansas  City,  Mo.  Nov.    4,  1905 

Purdy,  Corydon  T.,  Purdy  &  Henderson,  Everett  Bldg.,  45  East 

17th  St.,  New  York,  N.  Y.  Sept.    4,  1889 

Putnam,   L.   J.,   Prin.   Asst.    Engr.,    C.   &    X.    W.    Ry.,   226   W. 

Jackson   Blvd.,   Chicago.  Oct.  11,1907 

QuiLTY,  T.  Frank.  Member  of  John  J.  O'FIeron  &  Co.,  Engi- 
neering Contractors,  Vice-Pres.  and  Treas.,  Superior  Stone 
Co.,  326  W.    Madison   St.,   Chicago.  Sept.  26,  1903 

Ralls,  Melvin  S.,  Engr.,  Byrne  Bros.  Dredging  &  Engineering 

Co.,  72  W.   Adams  St..  Chicago.  Mar.  12,  1906 

RANDOLPH.  ISHAM   (Past  President),  Consulting  Engineer, 

208  S.  La  Salle  St..  Chicago.  Apr.    5.  1881 

Randolph,  Robert  Isham,  Sec'y  and  Treas.  Isham  Randolph 
&   Co.,   Consulting  Engineers,  208   S.   La   Salle   St..   Cliicago. 

Jun.    Mar.    10,    1902.    Active  Apr.  10,  1909 
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Ransome,  Ernest  L.,  Consulting  Concrete  Engineer,  Plain- 
field,  N.  J.  Nov.    7.1894 

Raschbachkr,  Harry  G.,  Asst.  Professor  of  Surveying,  Univer- 
sity  of    Micliigan,    Ann    Arbor,    Midi.  .-\ug.  13,  1913 

Rasmussen,  Frank,  Engineer,  Link-Belt  Co.,  39th  and  Stewart 

Ave.,  Chicago.  Jan.  17,  1910 

Ray,  Walter  T.,  Fuel  Engr.,  Clinchfield  Fuel  Co.,  Spartanburg, 

S.  C.  Jun.  May  17  1904,  Active  Aug.    6,1908 

Rkhfikld,    I.   .\.   S.,   Division   Engineer,   C.   &    .\.    W.   Kv.,    I'ond 

du   Lac'  Wis.  '  June    8,  1904 

Reeves,  William  T.,  Manager,  Structural  Dept.,  Robert  W.  Hunt 

&  Co.,  2200  Insurance  Exchange,  Chicago.  July  11,1902 

Rkicharut,  Walti:r  F.,   Consulting   Lnginccr,   VVatcrtown,   Wis. 

Jun.   Fcl).  8.   1904.   Active  Jan.   19,1907 

REICHMANN,  albert  (Past  President),  Division  Engineer, 
American  Bridge  Co.,  Continental  and  Coniinercial  Xat'l  Bank 
BIdg.,  Chicago.  Dec.  10, 1897 

Rknwick^    Edwakl)    a..    Architect,    Member    l'"irm    uf    Holabird 

&  Roche,   1400   Monroe    Bldg.,   Chicago.  Mar.    4,  1904 

Rkttinghouse,  H.,  Chief  Engineer,  C.   S.   P.   M.  &  O.  Ry.,  St. 

Paul.    Minn.  Aug.    9,1907 

Reynolds,  James   J.,   Harbor   and    Subway   Commissioner,   139 

N.  Clark  St.,  Chicago.  June   2, 1890 

Rhopin.  Carl  J.,  Consulting  Civil  Engineer,  San  Francisco,  Cal.     Jan.  15,  1904 

Rice,  Arthur  L.,  Editor,  Practical  Engineer,  537  S.  Dearborn 

St.,   Chicago.  Apr.  11,1905 

Rice,  George  S.,  Chief  Mining  Engineer,  U.  S.  Bureau  of  Mines, 

Pittsburg,  Pa.  June   6,  1901 

Rice,  Luther  Vinton,  Mgr.,  Civil  Engineering  Dept.,  Robert  W. 

Hunt  &  Co.,  2200  Insurance  Exchange,  Chicago.  Dec.  10,  1901 

Rice,  Ralph   H.,  Asst.   ICngr.,  Board  of   Supervising  Engineers, 

105   S.  La  Salle   St..  Cliicago.  _         _       Mar.    2,1910 

Richards,  Charles  Russ,  Professor  of  Mechanical  Engineering, 

University  of  Illinois,  Urbana,  111.  Nov.    3,1911 

Richards,  Jerre  T.,   Supt.   of   Construction,    Samuel    Austin   & 

Sons  Co.,  Cleveland,  Ohio.  June    7, 1907 

Richardson,  W.  D.,  Civil  and  Mining  Engineer,  Oak  Creek,  Col.  Oct.    9, 1906 

Ricker,  N.  Clifford,  Professor  of  Architecture,  University  of 

Illinois,  Urbana.  111.  June   6, 1902 

Ripley,  Joseph,  Consulting  Engineer,  N.  Y.  State  Canals.  State 

Hall.  Albany,   N.   Y.  Aug.   6,1896 

Ritter,   Louis    E.,   Ritter   &    Mott,   Consulting   Civil    Engineers. 

1707  Marquette  Bldg..  Chicago.  July    3, 1901 

Roberts,  Warren  R.,  Pres.,  Roberts  &  Schaefer  Co..  McCormick 

Bldg.,  Chicago.  Dec.  30. 1890 

Robinson.  A.  F.,  Bridge  Engineer,  Santa  Fe  Ry.   System,   1514 

Railway  Exchange,  Chicago.  May  11,1910 

RoRi.NSON,   Arthur    S.,   Chief    Engr.,   Grant    Smith    &    Co.,   and 

LnduT,  Rome,  N.  Y.  Feb.  11.  1904 

Robinson,  Eugene  M.,  Chief  Engineer's  Office,  C.  &  N.  W.  Ry., 

Chicago.  Nov.    7, 1894 

Robinson,  James  Selden,  Div.  Engr.,  C.  &  N.  W.  Ry.,  North- 
western  Terminal    Station,    Chicago.  Feb.    3,  1892 

Robinson.  William  C,  Chief  Engineer,  Underwriters  Labor- 
atories, 207  E.  Ohio  St.,  Chicago.  Dec.  15,  1906 

Rockwell.  J.  V.,  Civil  Engineer,  U.  S.  Navy,  Bureau  Yards 
and  Docks,  Navy  Dept.,  Washington.  D.  C. 

Jun.  July  1.  1899,  Active  Feb.    7, 1903 

Ri>i  I1I.K,  Fki  i>ekk  K,  Koebrr  Comjiany,   Dclcvan,  Cal.  May  10.  1904 

Rogers,  Charles  S.,  Engineer  and  Contractor,  421  Lyceum  Bldg., 

DuUith,  Minn.  Aug.  25, 1911 
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Rogers,  Walter  A.,  Pres.,  Bates  &  Rogers  Construction  Co.,  Old 

Colony  Bldg.,  Chicago.  Oct.  20, 1898 

Rohrer,  Jacob  Bomberger,  Civil  Engineer,  336  N.  Duke  St.,  Lan- 
caster, Pa.  May   2, 1894 

RoNEY,  William   H.,   Engineer  and   Contractor,   Geneva,  Kane 

County,  111.  Sept.    7,  1905 

RoNNEBERG,    Xathal,    Consulting    Civil    Engineer,    Westcott    & 

Ronneberg,    Otis    Bldg.,    Chicago.  Apr.  28,  1910 

Roper,  Denney  W.,  Asst.  to  Chief  Operating  Engineer,  Com- 
monwealth Edison  Co.,  Chicago.  Dec.   9, 1905 

Rosenbach,    Rudolph    G.,    Mech.    Engineer,    Warren     Webster 

&  Co.,  Monadnock  Block,  Chicago.  Sept.    2, 1909 

Rosing.  .Anton  Sch!:i;l,  Civil  Engineer.  1327  Farwell  Ave.,  Chi- 
cago. Jun.   May  4,   1901,   Active  Jan.  29,1910 

Ross,   Harry  H.,  661   Lincoln   St.,  Toledo,  Ohio.  Mar.    9.  1904 

RouNSKViLLE.  D.,   Eugr.,   M.  of  W.,  C.  &   N.  W.   Ry..  226   \V. 

Jackson   Blvd.,   Chicago.  May  20,  1901 

RucHTi.  Fred.  Engr.  of   Drawing  Room,  Gary  Plant  American 

Bridge   Co.,    Gary,    Ind.  July  25,  1913 

Rummler,  Eugene  A.,  Solicitor  of  Patents  and  Mechanical  Ex- 
pert, Rummler  &  Rummler,  Tribune  Bldg.,  Chicago.  May  13, 1904 

RuNGE,   R.   W.,   Sec'y  and   Treas.,    Nelson   Foundry   Co.,   North 

Milwaukee,  Wis.  Apr.  28,  1910 

RusTERHOLZ,  R.  W.,  Sales  Engineer,  Tngersoll-Rand  Co.,  Butte, 

Mont.  June    9,  1910 

Sager,  Fred  A.,  Engineer,  with  the  Arnold  Co.,  105  S.  La  Salle 

St.,  Chicago.  July    6,1909 

St.  John,  Herbert  L.,  Corpus  Christi  Gas  Co.,  Corpus  Christi, 

Texas.  Dec.  12,  1910 

Salisbury,  Charles  Rockwell,  Structural  Draughtsman,  Illinois 

Steel  Co.  (North  Works),  Chicago.  June  11, 1907 

Salmon,  W.  W.,  President,  General  Railway  Signal  Co.,  Roches- 
ter, N.  Y.  Feb.    3, 1892 

Salt,  Thomas  Vosper,  418  Church  St.,  Evanston,  111.  Aug.    4.  1913 

Samson,  Charles  L.,  Mechanical  Engineer,  Griffin  Wheel  Co., 

345   Sacramento  Sq.,   Chicago.  Dec.     3.  1912 

Sanderson,    John    C,   with    Ritter    &    Mott,    Marquette    Bldg., 

Chicago.  Nov.    8,1906 

Sanstadt,  Howard  A.,  with  Strauss  Bascule  Bridge  Co.,  Mon- 
roe Bldg.,  Chicago.  Jan.     6,  1910 

Sargent,  Charles  E.,  Chief  Engr.,  Lyons  Atlas  Co.,  Indianapolis, 

Ind.  Nov.   4,1903 

Sargent,  Fitz  William,  Chief  Engr.,  American  Brake  Shoe  and 

Foundry  Co.,  Mahwah,  N.  J.  June   5, 1899 

Sargent,  Frederick,  Mech.  and  Elec.  Engr.,  Sargent  &  Lundy, 

Railway  Exchange,  Chicago.  Mar.    1,  1898 

Sargent,   Welland   F.,    Commissioner    of    Public   Works,    Oak 

Park,  111.  May  13,  1911 

Sauermax,    Henry     Burger,    Consulting     Engineer,     Sauernian 

Bros..  Monadnock  Block,  Chicago.  Jun.  March  3,  1905,  Mar.    4,  1909 

Savage,  Frank  N.,  Supt.  of  Conduit  Construction,  Common- 
wealth Edison  Co.,  Chicago.  .  Mar.  19,  1907 

Sawyer,  James   H.,  Asst.   Engr.,   Bureau  of  Engineering,   City 

Hall,   Chicago.  July    6,1906 

Saxe,  Alfred  J.,  Chief  Engineer,  Corn  Exchange  National  Bank 

Bldg.,  Chicago.  Dec.     6,  1906 

Schaefer,  John  V.,  Vice-Pres.,  Roberts  &  Schaefer  Co.,  332  So. 

Michigan  Ave.,   Chicago.  Dec.    4,  1901 

Scheible,  Albert,  Research  Engineer  and  Solicitor  of  Patents, 

1063  McCormick  Bldg.,  Chicago.  Apr.    8,  1904 
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SCHENCK,  A.  A.,  Engineer  of   Maintenance    C.  &   N.   W.    Ry., 

Lines  West  of  Missouri  River,  Omaha,  Neb.  July     1,  l»yy 

Schmidt,  Hugo,  Supt.  of  Buildings,  Chicago  City  Railway  Co 

Chicago.  J""-  Dec.  20,  1905.  Apr.    9,  1507 

Schneider,  Edward  John,  Contracting  Manager,  United  States 

Steel     Products     Co.,     Rialto     Bldg.,     San     Francisco,     Cal. 

Jun.    Jan.    9,    1901,  Dec.  13,1904 
ScHOLZ,  Carl,  President,  Coal  Valley  Mining  Co.,  325  La  Salle 

St.   Station,   Chicago.  .    Mar.  29, 1910 

Schrader,  a.  C,  Supt.  and  Engr.,  West  Chicago  Park  Commis- 

sioners,  Union  Park,  Chicago.  Mar.   4,  1891 

ScHRi-iNKR,  P>.,  C.  1-:.,  City  Hall,  Oskaloosa.  Iowa. 

Not  a  mcnil)cr.  189^  to  IV^O/,  Oct.  lU,  18o.t 
Schroeder,  Carl  P.,  Engineer  with  M.  C.  Schwab,  1514  Mailers 

Bldg.,  Chicago.  ^  ,  ,    TT  r  ' 

Schuchardt,  R.  p.,  Electrical  Engineer,  Commonwealth  Edison 

Co.,  Chicago.  _        ^,  „,  .  r-i       <    i  ' 

Sfely,  Garrett  Teller,  Asst.  Gen.  Manager,  Chicago  Elevated 

Railroads.  160  W.  Jackson  Blvd.,  Chicago.  Mar.    3. 190^ 

Sewall,  Joseph  S.,  St.  Anthony  Park,  St.  Paul,  MiniL  May   7, 1878 

Seymour.  Rugeley  D.,  1610  Walker  Bank  Bldg.,  Salt  Lake  City, 
Utah  •'^"' 

Seymour,  W.  W.,  Chief  Engineer,  Kenwood  Bridge  Co..  Grand    ^^^^^  ^^^ 

Crossing,  111.  ^    ^    ^     ^.     c-,      i  i      i    tu 

Shankland,    Edward   Clapp,   E.    C.   &   R.    M.    Shankland,   The 

Rookery,  Chicago.  Assoc.  July  5,  1881,  Oct.    4,18b/ 

Shankland,  Ralph  M.,  E.  C.  &  R^M   Shankland,  Die  Rookery, 

Chicago.     Not  a  member  in  1894-8.  ^         .    .  ,  ^^^^   '^^  ^^^" 

Sh\w     Walter    A.,    Member.    Public    Utihties    Commission    ot 

Illinois.  Insurance   Exchange  Bldg..  Chicago  Oct.     J.  ivuu 

Sheldon,  A.,  Asst.   Engr.,  Fort   Pitt  Bridge  Works,   Pittsburg,    ^^^     ^  ^^^ 

Shepherd,  C.  W.,  Illinois  Steel  Co.,  Warehouse  Dept^l319  Wa- 

bansia  Ave..  Chicago.  Jun.  Feb..  5.  1904.  Active  Nov.  12,  190/ 

Sherman,  LeRoy  K.,  L.  K.   Sherman  Co.,  Engineers  and   Con- 

tractors,  3046  W.  36th  St.,  Chicago.  .      ,    „,  ,  ' 

Shields,    W.    S.,    Consulting    Engineer,    1201    Hartford    Bldg.,     ^^     ^^   ^^ 

Chicago.  o    <r  1      f       r-        "  ^ 

Shimizu.  H.  S.,  Designing  Engineer,  Roberts  &  Schaefer  Co., 

McCormick  Bldg.,  Chicago.  J "  y    ^'  ^^ 

Shnable,  E.  R.,  Contractor,  Stock  Exchange  Bldg.,  Chicago.       Feb.    4.1891 
Simmons,  Irvin  L.,  Bridge  Engineer,  C.  R.   I.  &  P.  Ry-   1133 

La  Salle  St.  Station,  Chicago.  May  13, 191U 

Simonds,  Ossian  C,  O.  C.  Simonds  &  Co..  Landscape  Gardener. 

1101  Buena  Ave..  Chicago.  Aug.    3. 1886 

Sinks,  Frank  F.,  Company  Engineer.  F.  T.  Crowe  &  Co.,  411 

Globe  Bldg.,  Seattle,  Wash.        .  Tmn  ' 

Six.  William   L.,  Asst.   Engr.,  with  Wisconsin   Bridge  &   Iron 

Co.,  North  Milwaukee,  Wis.  ^      ,^ .    e  ,  c  ^^       ' 

Sjolander,  Axel  K.,  Engineer,  Link  Belt  Co.,  39th  St   and  Stew- 

art  Ave.,  Chicago.  .        .        ^^  J""-  .l>c-,  6    1907  I'el>.     7. 191- 

Skeels.  George  Y.,  General   Engineering,  401    Grain   Kxcliange 

Bldg..  Sioux  City,  Iowa.  ^^''•r-    '^'  1*^ 


Slade,   Alfred,    Chief    Engineer,    Illinois    1  unnel    Co..    16-    VV. 

Monroe  St.,  Chicago.  .  ^''y    '^- '^'-^ 

Slifkr,  Hiram  J..  Consulting  Civil  l-.ngineer.  861  1  lie  R^^'^^'^y-^  yj^^j 

Chicago.  ,,      .     ,         n  I-       Qin" 

Sloan,  David.  Consulting  Engineer,  MacArthur   Bros.   Co.,  810 

Fisher  Bldg..  Chicago.  Mar.     l,  iws 
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Sloan,  William  G.,  Chief  Engr.,  MacAithur  Bros.  Co.,  11  Pine 

St.,  New  York,  N.  Y.  Jun.  July  1,  1899,  Active  June  23, 1902 

Slocum,  Roy  H.,  Prof,  of  Civil  Engineering,  Agricultural  Col- 
lege, Fargo,   N.   D.  May  10.  1910 

S.MKTTEKS,    S.\MrKL    T .,    Asst.    Bridge    Engr.,    Sanitary    Di.strict 

of    Chicago,   7m    Karpcn    Bldg.,   Chicago.  July    3,  1909 

Smith,   Albert,    Professor   of   Structural   Engineering,    Purdue 

University,    Lafayette,    Ind.  Feb.     9,  1905 

Smith,  Arthur  C,  Vice-Pres.,  Morden  Frog  &  Crossing  Works, 

823,  72  W.  Adams  St.,  Chicago.  Oct.     9,  1906 

Smith,  Ernest  F.,  Superintendent  of  Sub-Stations,  Common- 
wealth Edison  Co.,  Chicago.  Jan.     3,  1902 

Smith,     Frank     M.,     Engineer,     Dodge     Manufacturing     Co., 

Mishawaka,    Ind.  Oct.  17,1911 

Smith,  Frederick  A.,  Asst.  Engr.,  Bureau  of  Engineering,  City 

Hall,  Chicago.  June   8,  1911 

S.mith,  Frederick   W.,  Consulting  Engineer,   Kkig  &   Smith,  40 

Mack  Block,  Milwaukee,  Wis.  M.-iy  10,  1913 

Smith,    Oilman    W.,    Division     Erecting     Manager,     American 

Bridge    Co.,   208    S.    La    Salle    St..    Chicago.  Sept.    9,  1901 

Smith.    Kenneth    G.,    Dept.    of    Engineering    Extension,    Towa 

State    College,   Ames,    Iowa.  May  12,  1910 

Smith,  Robert  C.,  Genl.  Supt.,  E.  C.  &  R.  M.  Shankland,  The 

Rookery,  Chicago.  Jun.   Oct.   3,    1899.  Nov.  14,  1902 

Smith,  Willard  A.,  President,  Railway  and  Engineering  Re- 
view,  Ellsworth   Bldg.,   Chicago.  Feb.     4,  1891 

SMITH,  GEN.  WILLIAM  SOOY  (Past  President),  Medford, 

Oregon.  Oct.    8,  1874 

Smythe,  Edwin  H.,  Electrical  Engineer  and  Patent  Expert,  954 

Monadnock  Block,  Chicago.  Jan.  11,  1907 

Snow,  Theodore  Wilbur,  T.   W.    Snow  Construction    Co.,  601 

Ellsworth  Bldg.,  Chicago.  Assoc.  Dec.  5.  1894.  Active  Mar.  17,  1896 

Snyder,  C.  H.,  Designing  and  Consulting  Engineer,  251  Kearney 

St.,  San  Francisco,  Cal.  Oct.  20,  1894 

Snyder,  Francis  T.,  Pres.,  !^letallurgic  Engineering  Co.,  1660 
Monadnock  Block,  Chicago. 

Sooysmith,  Charles,  Consulting  Engineer,  71   Broadway,   New 

York,  N.  Y.  Mar.    6,  1877 

SoRGE,  Adolph,  Jr.,  M.  E.,  Proprietor,  A.  Sorge,  Jr.,  Co.,  Monad- 
nock Block,  Chicago.  May    2,  1900 

Spelman,  James,  Vice-Pres.,  John  S.  IMctcalf  Co.,  54  St.  Fran- 
cois  Xavier    St.,   Montreal,   Que.  June    5,  1902 

Spicer,  V.  K.,  Canadian   Manager,   Union   Switch   &   Signal   Co., 

Canadian  Express  Bldg.,  ^lontreal,  Que.  Feb.     3,  1892 

Spielman,  John  G..  1312  W.  Eleventh  St.,  Los  Angeles,  Cal.       Oct.  28. 1903 

Spiker,  Jacob  S.,  Civil  and  Sanitary  Engineer,  Vincennes,  Ind.  June    9,1911 

Springer,  Geo.  B..  Civil  Engineer,  Commonwealth   Edison  Co., 

28  N.  Market  St..  Chicago.  Dec.     5,  1890 

Spurling,   Oliver   C,   Asst.    Gen'l    Supt.,   Western   Electric   Co., 

Hawthorne    Station,    Chicago.  Dec.  24,  1906 

Stearns.  Robert  B.,  Public  Service  Bldg.,  ^Milwaukee,  Wis.  .\pr.  20,  1901 

STr.BBiNGS,  W.  L.,  Civil  and  Consulting  Engineer,  1110  Monad- 
nock Block,  Chicago.  Jan.     6,  1890 

Steffens,  William  Frederick,  Special  Engr.,  President's  Of- 
fice, New  York  Central  Lines,  1012  Gr.'ind  Central  Ter- 
minal.  New  York.   N.  Y-  July  16,  1906 

Stephens.  James  S..  Consulting  Engineer,  7321   Bond  Avenue, 

Chicago.  _  July    7.  1896 

Stern,  I.  F.,  Consulting  Civil  Engineer.  1525  Old  Colonv  Bldg.. 

Chicago.  Feb.  11,1904 

Stevens,  H.  E.,  Bridge  Engineer,  Northern  Pacific  Ry.,  St.  Paul, 

Minn.  Oct.  19,1905 
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Stevens,  Hubert  A.,  City  Engineer,  Corpus  Christi,  Texas.  Mar.    1,1887 

Stewart,  Clinton  B.,  Consulting  Hydraulic  Engineer,  Wiscon- 

sin   Block,  Madison,  Wis.  .    Oct.  24,  1890 

Sti-wart  John  T.,  Chief,  Div.  of  Agricultural  Enguiccring,  Uni- 

versity  of  Minnesota,  St.  Paul,  Minn.  Mar.  10, 1908 

Stewart,  Morton  B.,  Mechanical  Engr.,  Minmg  Dcpt.,  American 

Smclt'ine  &  Refining  Co.,   Sta.   Barbara,   Chihuahua,   Mexico. 

^  Jun.  Dec.  8,  1899,  Active  Feb.  23, 1907 

Sti.vchfikli),   Grv   E.,   Civil    Engineer,    Valparaiso,    Ind.  May    7,1913 

<;toek,  Harry  H.,  Professor  of  Mining  Engineering,  University 

of  Illinois,  Urbana,  III.  ,^     .         .       ,,     ^^r.     9,1911 

SroNK.  Erank  L.,  President  and  Mgr.,  Central  Engineering  Bu- 

reau,    Harris   Trust    Bldg.,   Chicago.  June  19.  1911 

Stokkv.  Wiu-iam    Benson.  Vice-President,   A.    1  .   &   S.    1'.    Ky. 

Co.,  1023  Railway  Exchange,  Chicago.  w  •      '    om 

Stowell,  Chas.  C,  Civil  Engineer,  328  N.  4th  St.,  Rockford,  III.     Mar.  1,  1893 
Strauss,  Joseph  B.,  Pres.,  Strauss  Bascule  Bridge  Co.,  Monroe 

Bldg..  Chicago.  .       ^     .  T  r^   XT  .u  ' 

Strehlow,  Oscar  K,  Contracting  Engineer,  James  O.  Heyworth, 

Harvester  Bldg.,  Chicago.  ^  .       ^      May  28, 1906 

Strobel,  Charles  L.,  President,  Strobel  Steel  Construction  Co., 

1744  Monadnock  Block,  Chicago.  Mar.    2,1880 

Sturm,  Meyer  J.,  Hospital  Architect  and  Engineer,  116  S.  Michi- 

gan  Ave.,  Chicago.  May    5,    9  2 

Sues,  Harry  D.,  4529  Bernard  St.,  Chicago.  Jan.  18.1911 

Summers,  Leland  L.,  Cons.  Engr.,  L.  L.  Summers  &  Co.,  First 

National  Bank  Bldg..  Chicago.  Dec.     3.  189:) 

SuNiJ.sTROM.   Carl   A.,   Draftsman.   American    Bridge   Co..   Ciary, 

Ind  -^"g-  -5'  ^^^^ 

Sunny,  Bernard  E.,  President,  Chicago  Telephone  Co.,  230  W.  .  ,„,„ 

Washington  St.,  Chicago.  Mar.     5,1910 

Sweeney.  John  M.,  Consulting  Engineer,  729  Monadnock  Block, 

Chicago.  Dec.  10,1901 

Symons.    Wilson    E.,    Consulting    Engineer,    900    Postal    Tele-  ^^  ,_^, 

graph  Bldg.,  Cliicago.  .  A"g-  26.    90/ 

Taggart,  John  B.,  Civil  Engineer,  Delaware.  Ohio.  June  A),  1901 

Taibot  Arthur  N.,  Prof,  of  Municipal  and  Sanitary  Engineer- 
ing 'and  in  charge  of  Theoretical  and  Applied  Mechanics,  ^,00- 
University  of  Illinois,  Urbana,  111.  .  „  -^  ^^.  u  ft^  ^  4"  \^7 
Tapley,  Thomas  H.,  800  Kalamazoo  Ave.,  Grand  Rapids,  Mich.  Dec.  27.  1907 
Tknny.  Mark  W.,  Holly,  Mich.  Jun.  Jan.  1.  1899.  .Active,  Mar.  4.1902 
Terhune,  Cornelius  F.,  Secretary,  Commercial  Club,   Clinton, 

Iowa  J""*^  ^'  ^^^ 

Thkodorson.  Wm.   a..   With    Sanitary   District   of   Chicago.   /OO 

Karpen  Bldg..  Chicago.  Jun.  March  10.  1902,  Active  Jan.     3.  1910 

Thomas,  Homer,  Structural  Engineer,  1703  Hoge  Bldg.,  Seattle, 

Wash  D^^-  11.1907 

Thomas,  M.  E.,  Division  Engineer.  C.  &  X.  W   Ry..  Boone.  Iowa. 

Juu.  Eel).  25.  18%.   Mar.    /.  190U 
Thompson.  I'rku  L..  Engineer  of   Construction.   Illinois  Central 

R.  R..   706   1.   C.    l)ei)()t.   Chicago.  Apr. -.^  IVUJ 

Thompson.    Wh.i.iam     L..    Ciiief     Engineer.    Mississippi     Levee  ,,   .^.^ 

Board.    C.reenville.    Miss.  _  Mar.  24.  1909 

Thon,  George  L.,  Principal  Asst.  Eng.,  Alvord  &  Burdick.  141/ 

Hartford  Bldg..  Chicago.  .       Oct.     b,  1910 

Thorkelson,  H.  J..  Associate  Professor  of  Steam  Engineering.  _ 

University  of  Wisconsin,  Madison,  Wis.  Aug.    /,  lyuo 

Tompkins,  John   A.   B.,  U.   S.  Assi.stant   Engineer,   Milwaukee, 

Wis.  „  .  .      ^^^-    5. 1912 

Tompt,  Alfred  T..  Engr.  of  Drawing  Room,  American  Bridge 

1^     n       T   t  Dec.   8,  lyuy 

Co.,  Gary,  Tnd.  " 
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TowNE,  W.  J.,   General   Superintendent,   C.   &   N.   W.   Ry.   Co., 

226  W.  Jackson  Blvd.,  Chicago.  Oct.     3,  1902 

TowNSEND,   Curtis   McD.,   Colonel,  Corps  of   Engineers,  U.   S. 

Army,  428  Custom   House,   St.   Louis,   Mo.  Apr.    6,  1901 

TowNSEND,   Robert   D.,   I;istructor,    Mech.    Drawing   and    Mach. 

Design,  Lake  Technical  High  School,  Chicago.  Nov.  29,  1912 

Tratman,  E.  E.  R.,  Editor,  Engineering  News,  1144  Monadnock 

Block,  Chicago.  July     1,  1899 

Trippe,  H.  M.,  Contractor,  Whitewater,  Wis.  Mar.    4,  1904 

Trowbridge,  Charles  B.,  Engineer,  Mead-Morrison  Mfg.  Co.,  750 

Monadnock  Block,  Chicago.  Jan.    5,  1910 

Troxel,  Isaac  W.,  Chief  Engineer,  C.  M.  &  G.  Ry.  Co.,  Rock- 
ford,   111.  Jan.  12,  1905 
Trumbull,  Morris  K.,  Vice-Pres.,  National  Luml)er  &  Creosot- 

ing  Co.,  Texarkana,  Texas.  _  Jun.  Jan.   1,  1899,  July    1,1901 

Turneaure,  F.  E.,  Dean,  College  of  Engineering,  University  of 

Wisconsin,  Madison,  Wis.  Jan.  11,1897 

Tyrrell,    Henry    Gratton,    Consulting    Engineer    and    Author, 

Evanston,   111.  Oct.  17,  1912 

Vanderkloot,  Wm.  J.,  Sec'y  and  Treas.,  South  Halsted  St.  Iron 

Works,  2611  S.  Halsted  St.,  Chicago. 

Jun.  March  5,  1904,  Active  Jan.     5, 1910 
Vanderlip,  Henry  E.,  H.  E.  Vanderlip  &  Co.,  Structural  Engrs., 

19  S.  La  Salle  St.,  Chicago.  May    4,  1897 

Van  Ingen,  Daniel  K.,  Asst.  Engr.,  C.  &  N.  W.  Ry.,  Friendship, 

Wis.  Oct.  10,1910 

Van  Trump,  Isaac,  Chemical   Engineer,  2330   So.   Paulina   St., 

Chicago.  Apr.    7,  1914 

Vent,  Frederick  G.,  Asst.  Engr.,  C,  R.  I.  &  P.  Ry.,  La  Salle  St. 

Station,  Chicago.  Jun.  June  5,  1899,  Active  May    4, 1901 

Vial,    Frederic    K.,    Consulting    Engineer,    Griffin    Wheel    Co., 

Sacramento  Square,  Chicago.  Jan.     3, 1899 

VoGELSBERGER,    GusTAV,    Pres.,    Lackawauua    Construction    Co., 

Scranton,  Pa.  July    7,  1897 

Von  Babo,  Alexander,  Engr.  of  Bridge  Design,  402  City  Hall, 

Chicago.  Apr.    4, 1894 

Von  Schon,  H..  Consulting  Hydraulic  Engineer,  Wayne  Countv 

Bank  Bldg.,  Detroit,   Mich.  '   Mar.    7,1907 

Waber,  Tames  W.,  Engr.,  T.  F.  Anderson  Disposal  Co.,  1020  First 

National   Bank   Bldg.,   Chicago.  _       Apr.  22,  1907 

Wagner,   Walter,   Engr.,  Western   Water  Works   Information 

Bureau,  1325  Harris  Trust  Bldg.,  Chicago.  Mar.    9, 1906 

Wahl,  Henry  R.,  Construction  Engineer,  Doe  Run  Lead  Co.,  El- 

vins,  Mo.  May  7, 1906 

Waite,  Edward  B.,  Dean,  and  Head  of  Consulting  Dept.,  Amer- 
ican  School   of   Correspondence,   58th    St.   and    Drexel   Ave., 

Chicago.  July  16,  1906 

WALLACE,  JOHN  F.,   (Past  President),   President,  Westing- 
house,  Church,  Kerr  &  Co.,  37  Wall  St.,  New  York,  N.  Y.  June    5,  1889 
Wallace,    Wm.    A.,    Myall-Wallace    Co.,    17    E.    Michigan    St., 

Chicago.  Apr.  19, 1898 

Ward,    Channing    M.,    Consulting    Engineer,     1106     Main     St., 

Richmond,  Va.  Dec.  14,  1904 

WARDER,  J.  H.   (Secretary  and  Librarian),  1735  Monadnock 

Block,   Chicago.  Oct.  20,  1898 

Waring,  J.  M.  S.,  Member  firm,  L.  L.   Summers  &  Co.,  First 

National  Bank  Bldg.,  Chicago.  Mar.  17, 1909 

Warren,  Alexander  C,  Mgr.,  HoeiTer  &  Co.,  614  Chamber  of 

Commerce  Bldg.,  Chicago.  Jun.  Nov.  28, 1899,  Active  Mar.  12,1903 

Warren,   Tames   G.,   Colonel,  Corps  of   Engineers,  U.   S.   Army, 

Federal  Bldg.,  Buffalo,  N.  Y.  May    8, 1903 
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W'ashbirn.    Frank    S.,    Civil    Engineer,    918    Stahlman    Bldg., 

Xashvillc,   Tenn.  _  ^  Jan.     8,  1884 

Wattkrs,   Hr.NRY   i)KkTi<AM,  Civil   Engineer,  5()4  Wyoming  Ave., 

Wyoming,   Ohio.  '  Sept.  17,  1913 

Wkber,   Carl.    Mgr.,   Construction    Dept.,   General    Cement   Gun 

Co.,   914  So.  Michigan  Ave.,  Chicago.  Dec.  22,  1904 

WEnsTKR,  Arthur   L.,    City    Engineer    and    County    Surveyor, 

Wheaton,  111.  Feb.    9,  1912 

Webster,  Hosea,  N.  Y.  Sales  Manager,  Babcock  &  Wilcox  Co., 

85  Liberty  St..  New  York,  N.  Y.  Nov.    1,1889 

Wells,    Melville    B.,    Assoc.    Prof,    of    Bridge   and    Structural 

Engineering,  Armour  Inst,  of  Technology,  Chicago.       •  Feb.    4,  1905 

Wentz,  Robert  F.,  West  Kirby,  "Link  Cottage,"  Cheshire,  Eng.  Nov.  13, 1901 

Werlich,    Julius    F.,    Asst.    Construction    Engineer,    Common- 
wealth Edison  Co.,  Chicago.  Dec.  10,  1909 

West,  Oscar  J.,   Sales   Engineer,  339  Peoples   Gas    Bldg.,   Chi- 
cago. June  23,  1904 

Westcott,  Oliver  J.,  Westcott  &  Ronneberg,  Civil  &  Consult- 
ing Engrs.,  Otis  Bldg.,  Chicago.  Dec.     1, 1892 

Weston,    Charles    V.,    Gen.    Mgr.,    Mascot    Copper    Co.,    Dos 

Cabezas,  Arizona.  Sept.  26.  1890 

Weston,  George,  Member,  Board  of  Supervising  Engineers,  105 

S.  La  Salle  St.,  Chicago.  Apr.    6.  1892 

Weston,  John  W.,  Fennville,  Mich.  Jan.     2,  1877 

Wheeler,   Herbert   Merrill,   Asst.   Chief   Engr.,   Chicago  Rail- 
ways Co.,  105  S.  La  Salle  St.,  Chicago. 

Jun.  .May  7,  1904,  Assoc.  Oct.  11.  1906.  Active  Feb.     4.  1910 

White,  James  McLaren,  Supervising  Archt.  and  Prof,  of  Archt. 

Engineering,  University  of  Illinois,  Urbana,  111.  Dec.  10,  1906 

White.  Linn,  Chief  Engineer,  South  Park  Commissioners.  57th 

St.  and  Cottage  Grove  Ave.,  Chicago.  June  13,  1907 

WiiiTTiKR,  Charles  Comfort,  Treas.  and  Gen.  Mgr.,  Robert  W. 

Hunt  &  Co..  Ltd..  McGill  Bldg..  Montreal.  Que.  Aug.    4,  1903 

WiLLARi),  J.   Milton,  Right-of-Way  Agent,    Public   Service  Co. 

of  Northern  Illinois.  137  S.  La  Salle  St.,  Chicago.  .    June  19,  1903 

Willett,    W.\i.    .Makhlk,    Electrical    Engineer,    341    Spruce    St.. 

Aurora.   111.  Feb.  18.  1914 

WILLIAMS,  BENEZETTE   (Past  President),  Consulting  En- 
gineer, 54  W.  Randolph  St.,  Chicago.  Oct.  14,  1872 

Williams.    H.   E.,    Pres..   Illinois   Bridge   Co.,    1629   Monadnock 

Block,  Chicago.  Jan.  11.1897 

WiLLL'XMS,   L.   E.,   Supt.,    R.    I;icc|ues  &  Sons,   foot  of   First   St., 

Detroit,  Mich.  "  _  ...     ^^''-    ^^.  1^^ 

Williams,   Robert   ^'.,   Director,   Miners'   and    Mechanics'    Insti- 
tutes, Transportation  Bldg.,  I'rbana,  111.  Feb.  15.  1910 

Williams,  William   Erastus,  Civil  and   Mechanical   Engineer. 

331  S.  Clinton  St.,  Chicago.  Dec.     4, 1889 

Wilmann,  Edward,  Civil  Engineer,  care  James  Stewart  &  Co., 

.30  Church  St.,  New  York.  N.  Y.  July  11.1894 

Wilson,  E.  B.,  Pres.,  American  Bureau  of  Inspection  and  Tests. 

Monadnock   Block.   Chicago.  Feb.     3, 1905 

Wilson,  John   M.,   Division  of   V;duation,   Interstate  Connnerce 

Commission,  Washington,  D.  C.  I'eb.     8.  1910 

Wii.so.v,    Wilbur    M.,    ,\sst.    Prof,    of    Structurrd    h'ngineering, 

University  of  Illinois.  Urbana,  111.  May  13.  1907 

Windett,  Victor,  Engineer,  Nash  Dowdle  Co..  Contractors.  9  S. 

La  Salle  St..  Chicago.  Jan.     4.  1893 

WiNsi.ow.  Benjamin  Emanuki.,  Strnctur.-d  Fmjineer,  3010  SIui- 

liert  Ave..  Chicago.  Dec.     7,  1^505 

WisNKR,  Georc.i:  M.,  Chief  Engineer,  Sanitary  District  of  Chicago, 

900  S.  Michigan  Ave.,  Chicago.  May  17.1896 


ASSOCIATE  MEMBERS  41 

DATE  OF 
MEMBERSHIP 

WiTHERSPOON,  John  M.,  Pres.,  Withdrspoon-Englar  Co.,  Monad- 
nock  Block,  Chicago.  Dec.     5, 1894 

Witt,    C.\kl    C,    District    Engr.,    Division    of    Valuation,    Inter- 
state Connnercc  Commission,  Kansas  City,  Mo.  Jan.   12,  1901 

WoERMANN,  John  W.,  Asst.  Engr.  Western  Division,  U.  S.  A., 

428  Custom  House,  St.  Louis,  Mo.  Apr.    1.  1908 

Wolf,  Albert  H.,  Consulting  Engineer,  R.  1148,  10  S.  La  Salle 

St.,  Chicago.  Dec.  30,  1890 

WoLFEL,  Paul  L.,  Chief  Engr.,  McClintic-Marshall  Construction 

Co.,  Pittsburg.  Pa.  Jan.     2,  1903 

WoLHAUPTER,  Benjamin,  Secretary,  The  Rail  Joint  Co.,  29  W. 

34th  St.,  New  York,  N.  Y.  Dec.  30, 1890 

Wood,  Edward  N.,  Consulting  Engineer,  1156  Monadnock  Block, 

Chicago.  July    6, 1905 

Wood,  Wm.  E.,  District  Engineer,  C.  M.  &  St.  P.  Ry.,  1353  Rail- 
way Exchange,  Cliicago.  Eeb.    6, 1905 

Wood.man,   Andrew   W.,   Engineering  and   Construction,   122   S. 

Michigan  Ave.,   Chicago.  Feb.     8,  1907 

Woodworth,    Philip   B.,    Dean,   and    Prof,    of    Electrical    Engi- 
neering, Lewis  Institute,  Chicago.  Apr.    9,  1904 

WoRDEN.  B.  L.,  Pres.,  Wordcn-Allen  Co.  and  Lackawanna  Bridge 

Co.,  Buffalo,  N.  Y.  Jan.  11.1897 

Worrell,    James    C,    Supt.,    The    Widcll    Co.,    Mankato.    Minn. 

Assoc.    Aug.    11,    1908,  Mar.  10,  1913 

Wray,  David  C,  with  Mineral  Point  Zinc  Co.,  De  Pue,  111. 

Jun.  July  11.  1901.  Active  Apr.    8,1905 

Wrav,   T.  G.,  Chief  Engineer,  Central  Group  of  Bell  Telephone 

Companies,  212  W.  Washington  St..  Chicago.  May  17.  1904 

Wright,  Albert  F.,  Arthington  St.  and  Homan  Ave..  Chicago.       Ian.  21,  1907 

WRIGHT,    AUGUSTINE   W.    (Past    President),   2834    Sunset" 

Place,  Los  Angeles,  Cal.  May    6,  1879 

Wright,    Erancis    H..    Ch.    Engr..    Julian    B.    Nolan    Co.,    1636 

Monadnock  Block,  Chicago.  Apr.  20,  1914 

Wright,  Jesse  Bernard,  U.   S.   Surveyor,   General   Land   Office, 

Arlington,   Arizona.  Feb.  23,  1910 

Wright,  Joseph,  Engineer,  U.  S.  Reclamation  Service,  Fletcher, 

Mont.  May    9,1902 

Young,  Arthur  R.,  Carter  &  Young,   Engrs.   and  Contractors, 

Merchants  Bank  Bldg.,  Lawrence,  Kan.  Dec.    3, 1908 

Young,  Iacob  G.,  Designing  Engr..  Bridge  Dcpt..  City  of  Chicago, 

City  Hall.  Chicago.  Oct.     8,  1904 

Young,   James    L.,   Consulting   Engr.,   Treas.   and    Mgr.,   Lord- 
Young  Engineering  Co.,  Honolulu,  T.  H.  Apr.    6,  1903 

Youtsey,  Floyd   S..   Mechanical   Engr.,   Barnes  &  Youtsey,   308 

Commonwealth   Bldg..   Denver,  Colo.  Dec.     8,  1906 

ZahleiN.  John  V..  with  Chicago  Subway  &  Harbor  Commission,' 

139  N.  Clark  St.,  Chicago.  Dec.  13,  1909 

ZicK,  A.  Fkederick,  Structural  Engr.,  witli  Lassig  Plant  Amer- 
ican  Bridge  Co.,   Chicago.  ^  Sept.  24.  1913 

Ztesing.  August,  President,  American  I'.ridgc  Co.  of  New  York. 

Continental  and  Commercial  National  Bank  Bldg.,  Cliicago.      June    5,  1889 

ZiNN.    A.    S..    Consulting    Engineer    for    Republic    of    Panama, 

Ancon,  C.  Z.  Nov.    4.  1905 

Zuercher,   Max   A.,   Asst.   Engineer,   C.    P.   R.,   Windsor    Street 

Station,    Montreal.   Que.  Oct.  18,  1881 

Members,  765 
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Armsby,  Charles  L.,  State  College,  Pa.  _  Jan.  20,  1912 

Arnold,  Louis   G..   Civil    Engineer  and   Contractor,   741    Second 

Ave..   Fan   Claire,  Wis.  Jun.   Jan.    19,   1910.  Sept.  10.  1913 
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Ball,  Dwight  B.,  Junior  Engr.,  Board  of  Local  Improvements, 

Chicago.  Jan.  10,  1912 

Balsley,    Eugene    A.,    Manager,    American    Plant,    American 

Bridge  Co.,  Chicago.  Jun.  Dec.  2,  1905,  Active  Dec.  11, 1906 

Ba.vxing,    Thomas    A.,    Jr.,    Patent    Attorney,    1632    .Marquette 

Bldg.,    Chicago.  Dec.  12,  1913 

Barker,  Perry,  Fuel  Engineer,  care  A.  D.  Little,  Inc.,  93  Broad 

St.,  Boston,  Mass.  Jun.  Feb.  10,  1906,  July  17,1911 

Bi-.ACH,  G.  P.,  1457  Chelmsford  St.,  St.  Paul,  Minn.  Mar.  29,  1911 

Beckman,  B.  F.,  Superintendent,  F.  S.  &  W.  R.  R.  and  St.  L. 

El.  R.  &  W.  Ry.,  Ft.  Smith,  Ark.    Jun.  March  21,  1900.  Active  Jan.  10.  1906 
Bkf.be,  Grant,  Principal,  Calumet  High  School,  81st  St.  and  Nor- 
mal  Ave.,   Ciiicago.  May  10,  1907 
Belknap,   Robert   E.,   Chicago   Sales   Agent,    Penna.    Steel   Co., 

Maryland  Steel  Co.,  332  S.  Michigan  Ave.,  Chicago. 

Assoc,  Apr.  12,  1905,  Assoc.  Mem.  Oct.     4,1911 
Bell,  Charles  H.,  care  J.  W.  Richards,  499  Cangallo,  Buenos 

Aires,  S.  A.  Aug.   6, 1896 

Bennett,  W.m.  J.,  Lassig  Plant,  American  Bridge  Co.,  Chicago.    June    7,  1911 
Bennitt,  Ralph    A..   City   Kngr.,   Whiting,   Ind..   and   Structural 

Draftsman  Standard  Oil  Co.  Student,  Jan.  7,  1913. 

Bernhard,  Frank  H.,  Associate  Editor,  Electrical  Review  and 

Western  Electrician,  608  S.  Dearborn  St.,  Chicago.  Jan.     6,  1909 

Berry,  Frank  A.,  Junior  Engr.,  Bridge  Dept.,  City  Hall,  Chicago.  Aug.  17,  1911 
HoL.MK,  Olk  M..  with  .Xmerican  I-Jridge  Co.,  St.  Louis,  Mo.  July  16,  1913 

BooMHOWER,  F.  K.,  Chief  Engineer,  Insurance  Exchange  Bldg., 

Chicago.  June  20, 

BoYER,  Alexander  B.,  Chief  Engineer,  La  Salle  Engineering  Co., 

440  S.  Dearborn  St.,  Chicago.  June  20, 

Boynton,    Herbert   L.,    Instrumentman,   C.   &    N.    W.    Ry.   Co., 

Chicago.  Jun.  Jan.  7,  1910,  Feb.     7, 

Brady,  George  W.,  George  W.  Brady  &  Co.,  2443  Lexington  St., 

Chicago.  Jun.  July  8,  1904,  July  29, 

Breckenridge,  Lester  Paige,  Professor  of  Mechanical  Engineer- 
ing, Sheffield  Scientific  School,  Yale  University,  New  Haven, 

Conn.  Oct.  28, 

Brooks,   Chason  W.,  Contracting  Engineer.   Wisconsin   Bridge 

&  Iron  Co.,  1619  Monadnock  Block,  Chicago. 

Jun.  July  7,  1904,  Active  Oct.     4, 
Burgess,  Fred  H.,   Drafting  Room,   American   Bridge   Co.,   St. 

Louis.   Mo.  Jun.    Dec.   11,   1906.  Mar.    4, 

Burridge,  a.   L.,   County   Road   Engineer,   Crystal   Falls,   Mich. 

Jun.  June  8.  1907,  Active  Mar.    6, 
Cahill,   James    Edward,    Civil    Engr.    and    Supt.,    Great    Lakes 

Dredge  &  Dock  Co.,  Monroe  Bldg..  Chicago.  May  II, 

Camero.v,  a.   II.,  Manager,  Minneapolis  Plant  .American   Bridge 

Co..    Minneapolis,    Minn.  Jun.    Dec.   6.    1909,  Xov.    6. 

Caproni,  Grant  Allyn,  Civil  Engineer.  664  Duncan  Ave.,  Salt 

Lake  City,  Utah.  Apr.  18. 

Cknfield,  Frank  II.,  Efficiency  Engineer,  610  City  Hall,  Chicago. 

Jun.  Jan.  8,  1910.  Aug.  19, 
Clausen,    Henry    W..    Engr.    of    Water    Works    Construction, 

R.  402  City  Hall.  Chicago.  Jun.  Jan.  7,  1905,  July  21. 

Clicquennoi,     Irving    M.,    Asst.      Engr.,    Universal     Portland 

Cement  Co.,  Chicago.  Feb.  10. 

Coates,  Frank  Raymond,   Pres..  Toledo  Railway  &•  Light  Co., 

Toledo.  Ohio.  Jan.    9. 

Collins.     Ward    O.,     Vice-Pres.,     Gulick-Henderson     Co..    424 

Manhattan  Bldg.,  Chicago.  July    9. 

CoLTON.  Simeon   C.  Supt.,   The   iMtzsimmons   &■   Connel!    Dredge 

&   Dock   Co..  Chicago.  Mar.    1. 
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CoPELAND,  Frederick  K.,  Pres.,  Sullivan  Machinery  Co.,  Peoples 

Gas  Bldg.,  Chicago.  Oct.    5, 1892 

Crawford,  Thomas,  Engr.  and  Gen'l  Mgr.,  Clinton  Gas  Light 

&  Coke  Co.,  Clinton,  Iowa.  Apr.  27,  1910 

Daniels,  John  A.  R.,  City  Engineer,  Dubuque,  Iowa.  Apr.  11,1911 

Davis,  Charles  Henry,  18  Old  Slip,  New' York,  N.  Y.  Mar.    7,  1900 

Decker,  Henry  H.,  Sec'y  and  Treas.,  Koss  Construction  Co.,  Dcs 

Moines,  Iowa.  May    8,  1908 

DeWolfe,  Edward  C,  Russell-DeWolfe  Co.,  537  S.  Dearborn  St., 

Chicago.  Apr.  23, 1903 

Dodge,  L.  C,  Bridge  Dept.,  Mo.  Pac.  Ry.,  1632  Railway  Excliange, 

St.  Louis,  Mo.  Xov.  12,  1913 

Dunham,  Walter  E.,  Supervisor,  Motive  Power  and  Machinery, 

C.  &  N.  W.  Ry.,  Winona,  Minn.  Sept.    3, 1903 

Dye,  Ira  W.,   General  Foreman,  Cristobal-Balboa  Transmission 

Line,  Pedro  Miguel,  C.  Z.  Feb.  10,  1913 

Easton,  R.  B.,  City  Engineer,  Aberdeen,  S.  D.  Apr.     4,  1912 

Elmer,  Howard  Nixon,  Gen'l  Agt.  for  North  America,  Siebe 
Gorman  &  Co.,  Submarine  Engrs.  and  Mine  Rescue  Appa- 
ratus, 1140  Monadnock  Block,  Chicago.  Nov.    7,1894 

Eunson,  Alvin   T.,   Squad  Foreman,   C.   M.   &   St.   P.   Ry.   Co., 

Chicago.  Sept.    2,  1913 

Ewald,  Frank  G.,  Chief  Engineer,  Public  LTtilities  Commission, 

Insurance    Exchange    Bldg.,    Chicago.  May    7,  1890 

Faithorn,  R.  L.,  Asst.  Engr.,  B.  &  O.  C.  T.  R.  R.,  B.  &  O.  Sta- 
tion, Chicago.  June   3, 1911 

Felton,   S.   M.,  President,  Chicago  Great  Western  R.   R.,   1121 

Peoples  Gas  Bldg.,  Chicago.  Jan.    6, 1910 

Field,  Homer  A.,  Asst.  Engr.,  B.  &  O.  C.  T.  R.  R.,  353  Grand 

Central  Station,  Chicago.  Dec.     7, 1909 

Field,    William    A.,    Gen'l    Supt.,    Illinois    Steel    Co.    (South 

Works),  South  Chicago,  111.  June  19,  1907 

Filippi,   Gottlieb,    Structural    Draftsman,   C.    M.   &   St.    P.   Ry., 

Chicago.  Aug.    4,  1913 

FiTZPATRiCK,  P.  D.,  Ohio  River   Sand  &   Gravel   Co.,   2nd  and 

Monroe  Sts.,  Paducah,  Ky.  Jun.  July  1,  1899,  Active  Apr.  17, 1906 

Fixmer,  Hugh   J.,  Div.  Engr.,   Board  of   Local   Improvements, 

City  Hall,  Chicago.  Jun.  Apr.  8,  1908,  Active  Feb.  18,  1911 

Flowers,  Roy  W.,  with  American  Bridge  Co.,  Gary  Plant,  Gary, 

Ind.  Aug.  10, 1912 

Foss,  James   C,    1r.,   Ch.    Engr.,    Kahului    R.   R.    Co.,   Wailuku, 

Maui,  T.   H.    ■  Jan.     4,  1912 

Freyn,  Heinrich  J.,  M.  E.,  Third  Vice-Pres.,  H.   Koppers  Co., 

5  So.  Wabash  Ave.,  Chicago.  Mar.    9,  1906 

Friestedt,  L.  p.,  Friestedt  Interlocking  Channel  Bar  Co.,  Tribune 

Bldg.,  Chicago.  May    1,  1901 

Fritch,  Louis  C,  Asst.  to  Pres.,  Canadian  Northern  Ry.,  To- 
ronto, Can.  Mar.  15,  1910 

Fulcher,  James  E.,  Professor  of  Civil   Engineering,  Highland 

Park  College,  Des  Moines,  Iowa.  Jan.     2,  1907 

Gaensslen.  Carl  August.  Bridge  Designing  Engineer,  Divi- 
sion of  Bridges,  City  Hall,  Chicago.  May     8,  1913 

Gansslen,   H.,   President,    Cook   &   Chick   Co.,   Machinists   and 

Heating  Engrs.,  18-20  E.  Kinzie  St.,  Chicago.  June    8,  1907 

Gearhart,    Heber    G.,    Engr.,    with    American    Plant,    American 

Bridge  Co.,  Chicago.  May   8,  1913 

Gillingham,   Wm.    J.,   Jr.,    Res.    Engr.,   The    Hall    Signal    Co., 

Peoples  Gas  Bldg.,  Chicago.  Apr.    5,  1893 

Goddard,  L.  W.,  U.  S.  Asst.  Engr.,  U.  S.  Engineer  Office,  Grand 

Rapids,  Mich.  Oct.    6, 1886 
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GouiJMAN,  II.  M.,  San  Francisco  Bridge  Co.,  1CK)5  Nevada  Bank 

Bldg.,  San  Francisco,  Cal  Xov.^3.  1912 

Goodrich,  H.arry  C,  Cliicf  Fngr.,  Utah  Copper  Co.,  McCormick 

Block,  Salt  Lake  City,  Utah.  Jan.     3,  1899 

Goss,  W.  F.  M.,   Dean,  College  of   Engineering,   University  of 

Illinois,  Urbana,  111.  Dec.  24,  1907 

Gk.Mi.AM,   \ViM.i.\M    Ei)\v.\RD,  Chief    Inspector,   Robert   \V.    Hunt 

&  Co.,  Gary,  Ind.  Jan.     6,  1914 

Grkiff.nhagen,  E.  O.,  with  Arthtir  Young  &  Co.,  1315  Monad- 
nock  Block,  Chicago.  Aug.    4,1911 
Greve,  Frederick  W.,  Jr.,  Instructor  in  Hydraulics,  Purdue  Uni- 
versity, Lafayette,  Ind.                                                                      Apr.    4,  1912 
GusTAFSON,  John  C,  Angert  Wire  &  Iron  Works,  6028-32  Grove 

Ave.,  Chicago.  Jun.  May  7,  1907,  Active  July  12,  1911 

Guy,    W.m.tkk    1).,    Structural    Draftsman,    1409    Raschcr    .Ave.. 

Chicago.  Jun.   Dec.  6,   1909,  Active  Feb.     S,  1911 

Hall,  Charles  S.,  Engineer  of  Track  Elevation,  C.  &  N.  W.  Ry. 

Co.,  226  W.  Jackson  Blvd.,  Chicago.  May  13,  1901 

Harvey,  F.  S.,  Resident  Engr.,  B.  &  O.  R.  R.,  353  B.  &  O.  Station. 

Chicago.  Jun.  Nov.  11,  1907.  Feb.     7,1912 

Has.s;elfel»t,  Ernest  Charles,  Draftsman,  Engrg.  Dcpt..  C.   M. 

&   St.    P.   Ry.   Co.,   Chicago.  Jun.   Juno   26.    1902,  July  13.  1907 

Hatt,    William    Kendrick,    Professor    of    Civil    Engineering, 

Purdue  University,  Lafayette,  Ind.  Nov.  18,  1907 

Haupt,  Edward,  Secretary.  Strobel  Steel  Construction  Co.,  1744 

Monadnock  Block,  Chicago.  Assoc.  Aug.  2.  1905,  Apr.     S.  1911 

Hayukx.  Abbott  L.,  Draftsman.  .American  Bridge  Co..  Gary,  Ind.  .Aug.  23.  1913 
Head,  Charles  S.,  Newland,  Ind.  Oct.  13.  1913 

Heublewhite.  Gilbert  W.,  Chief  Draftsman.  International  Steel 

&  Iron  Constr.  Co.,  Evansville,  Ind.  Jun.  April  29.  1910.  May     2.1912 

Heilbron,  E.   H.,  Division   Engineer,   Sanitary  District  of  Chi- 
cago, Chillicothe,  111.  Mar.    7,  1900 
Hellenthal,  Karl,  Structural  Engineer,  American  Bridge  Co., 

208  S.  La  Salle  St.,  Chicago.  Mar.  11.1899 

Henderson,    Cyril   A.,   Resident    ICngineer,    Seaboard    .Air    Line 

Ry.,    Birmingham,   Ala.  Dec.    6,1911 

Hendricks,  Samuel   P.,  Chief  Estimator,   Care  James   Stewart 

&   Co.,    Salt    Lake   City,    Utah.  Tun.    Aug.    14.    19;)7.J;.n.     7.1913 

HiLBERT,  John  N.  J.,  Mechanical  Engineer,  17  S.  Jefferson  St., 

Chicago.  _        June  10.  1911 

HoLCOMB,  C.   S.,  with   Board  of   Supervising  Engineers.   105   S. 

La  Salle  St.,  Chicago.  Jun.   Sept.   10.   1906,   Dec.     4.1912 

HoLziNGAK,  Joseph   ().,  Draftsman,  Chicago  Steel   Products  Co., 

Chicago.  Nov.  21.1913 

HoRTON,  Horace  B.,  Treas.,  Chicago  Bridge  &  Iron  Co.,  Cliicago.  Sept.  11.  1913 
HouSKEEPER.   WiLLARi)    L..    Draftsman,    L;issig    Pl.int,    .\morioan 

Bridge    Co.,   Chicago.  Sejit.    5,  1913 

Hudson,  Herbert  E.,  .Asst.  I'.ngr..  Board  of  Local  Imi)rovi.'nu'nts, 

City    Hall,    Chicago. 
Hunt,  Leich  A.,  Medicine  Hat.  Canada.  Apr.  10,1905 

]].r,.   Georce   M.,    Designer,    Holabird   &   Roche.    .Architects,    14(X1 

Monroe  Bldg.,  Chicago.  Jun.  April  7.  1910,  Sept.  18,  1912 

Jacobsen,   N.    H.,   District    Engr..    R.   C.    Huston   &   Co..   215    E. 

6th    St..    Little    Rock.    Ark.  Jun.    Jan.   9.    19a8,  Aug.  31.  1012 

Jenison,  E.  S.,  Retired.  4356  Ellis  Ave.,  Chicago.  July  6.  1897 

[oHNsoN.   Davh)  J.,  With   Condron   Company.    1215    Monadnock 

Block.   Chicago.  Student.    May   5.    1911,  Jan.    U).  1914 

Johnson,  Huch  A.,  Instructor  in  Cabinet  Making.  Hackley  Man- 
uel   Training    Sciiool.    .Muskegon.    Mich.    Jun.    May    5.    l';06.  Sept.  lo.  l^l  1 
Jones,  Charles  Irving,  Draftsman,  A.  T.  &  S.  F.  Ry.,  La  Junta, 

Colo.  July     7,1911 
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Jones,  Horace  Norman,  Jr.,    Structural    Draftsman,   American 

Bridge  Co.,  Gary,  Ind.  Aug.  16,  1913 

Keating,    William    T.,    Supt.,    Lorimcr   &    Gallagher    Co.,   The 

Rookery,  Chicago.  Dec.    3,  1895 

Kennedy,   C.   J.,   Squad   l'"orcnian,   American    Bridge   Co.,   (iary, 

Ind.  July  16,  1913 

Kester,  Tom  P.,  Contractor,  143  N.  Pine  Ave.,  Chicago.  July  10,1911 

Kimble,  Austin,  Vice-Pres.,  Kimble  Electric  Co.,  1121  Washing- 
ton Blvd.,  Chicago.  Jun.  March  6,  1905,  Active  Jan.    7, 1910 

Kirk,  Allen  T.,  5311   Kenwood  Ave.,  Chicago.  Aug.  14,  1912 

KxEiN,    Bernard    J.,    Chicago    Manager,    The    Bristol    Co.,    753 

Monadnock  Block,  Chicago.  Feb.     2,  1913 

Knapp,  Walter  H.,  Asst.  Engr.,  C.  M.  &  St.  P.  Ry.  Co.,  Mil- 
waukee, Wis.  Feb.  18,  1913 

KoB,  Charles  M.,  Civil  Engr.,  Joseph  T.  Ryerson  &  Son,  Chi- 
cago. Dec.     3, 1912 

Kottke,  Frank   W.,   with   American   Bridge   Co.,   Lassig   Plant, 

Chicago.  June    7,  1912 

Krell,  Samuel  A.,  Draftsman,  C.  M.  &  St.  P.  Ry.  Co.,  Chicago.    Aug.    9,  1913 

Lacker,  Walter  S.,  Ofifice  Engr.,  Engineering  Dept.,  C.  M.  &  St. 

P.  Ry.,  Railway  Exchange,  Chicago.  Nov.  11,  1912 

Lahey,  Edward  L.,  Resident  Engr.,  Worth  Div.,  Sanitary  District 

of  Chicago,  Worth,  111.  Assoc.  Dec.  14,  1910,  Jan.  12,  1912 

Lattin,  Judson,  ]\Iaster  Mechanic,   International  Harvester  Co. 

of  Canada,  Ltd.,  Hamihon,  Ont.  Dec.  14,  1907 

Lewis,  Arthur  S.,  Pres.  and  Gen.  Mgr.,  Good  Roads  Construc- 
tion Co.,  830  ^Monadnock  Block,  Chicago.      Jun.  Dec.  6,  1905.  Oct.  13,  1911 

Lewis,  Chester  B.,  Supt.  of  Construction,  W.  E.  Russ,  Archi- 
tect, Indianapolis,   Ind.  June  20,  1911 

Libberton,  J.  Herbert,  Asst.  Engr.,  Universal  Portland  Cement 

Co.,  208  S.  La  Salle  St.,  Chicago.  _         _  Mar.  11,  1913 

LiPPERT,  Paul,  Asst.  Engr.,  Bureau  of  Engineering,  City  Hall, 

Chicago.  _  May  26,  1911 

Lockard,  Bernard  M.,  Assistant  Engineer,  C.  &  N.  W.  Ry.,  226 

W.   Jackson    Blvd.,    Chicago.  _  Jan.     6,  1913 

Lofgren,  WiLLARD  E.,  Designer  and  Detailer  Reinforced  Con- 
crete, C.  M.  &  St.  P.  Ry.,  Chicago.  :\lay  19.  1913 

Lotter,  Henry  H.,  City  Engineer,  801  Franklin  St.,  Vancouver, 

Wash.  Jun.  Jan.  1,  1899.  Mar.    7.  1900 

Loud,  Arthur  C,  Loud  Lumber  Co.,  Charles,  ]\Iich.  July  22,  1913 

LouGHNANE,   George,   Div.   Engr.,    C.   &   N.   W.   Ry.,    Escanaba, 

Mich.  Mar.    7,  1904 

Lukes,  George  Holt,   Public  Service  Co.,   137  S.  La   Salle   St., 

Chicago.  June    6,  1904 

LuRiE,   Arnold    X.,    Designer,    Domarus-Bauerle    Eng.    Co..    708 

Monadnock  Block,  Chicago.  Jun.  Marcii  23.  1906,  Mar.  27.  1914 

Maker,  Daniel  W.,  Secretary,  Marquette  Construction  Co.,  133 

W.  Washington  St.,  Chicago.  June    5,  1889 

Manson,  Egbert  F.,  Asst.  Engr.,  C.  R.  I.  &  P.  Ry.,  Des  Moines, 

Iowa.  July  10,1911 

Mark,  Perry  C,  .Asst.  Gen.  Mgr.,  and  Mech.  Engr.,  Mark  Man- 
ufacturing  Co.,   Zanesville,    Ohio.  Jun.   Jan.    12.    1912,  Jan.   12,1914 

Marquardsen,  R.  p.  v.,  Bridge  Designer,  C.  B.  &  Q.  R.  R.  Co., 

547  W.  Jackson  Blvd.,  Chicago.  July    3,  1912 

Mauel.    Leonard   C.    Draftsman,    .American    Bridge    Co.,    Gary, 

Ind.  Sept.    2,1913 

AIcIntosh,  Alexander  H.,  Draftsman,  Link-Belt  Co.,  Chicago.     Oct.     6,  1913 

McKercher.  Charles,  Asst.  Engr.,  Cuba  Railroad  Co.,  Cama- 

guey,  Cuba.  Mar.  15,  1913 

Melcher.  Charles  W.,  Gen.  Mgr.,  Ingersoll-Rand  Co.  of  Illi- 
nois,   Peoples    Gas    Bldg.,    Chicago.  Nov.    5,  1895 
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Merick,  Wendell  S.,  Sales  Engr.    and  Wurks  Manager,  River- 
dale  Iron  &  Steel  Co.,  Riverdale,  111.  Apr.  16,  1913 
MiNERT,  T.  R.,  1606  Hewitt  .\vo.,  St.   F.iul,  Minn. 

Jun.  Mar.  11.  19a7,Junc    6,  1913 
MiSKELLA,    Wii.LiA.M    J.,    Pres.,    I .anil)crM)ii     |ai)anning    Co.,    334 

So.   Clinton   St.,   Chicago.  Jim.   Jan.    14.    1907.  Mar.  3().  1911 

MisosTOW,  Henry,  Mechanical  Engr.,  Dept.  of  Smoke  Inspection, 

City  of  Chicago.  Jan.  18,  1913 

MoNNETT,  OsBOKN,  Chief  Smoke  Inspector,  City  of  Chicago.        Dec.    4, 1912 
Money,  Frku  B.,  Efficiency  Engr.,  Gary  Plant  .American   Bridge 

Co.,    Gary,    Ind.  Jun.    Apr.    12.    1909.  Mar.  10.  1913 

Morgan,   Dvvight   C,  Vice-Pres.   and  Gcn'l   Mgr.,   Pittsburg  & 

Shawmut  R.  R.  Co.,  Kittanning,  Pa.  Dec.  30,  1890 

.MoRY.  Lons  C.  Supt.  Water  and  Lights.  Lombard,  111.  June    9,  1913 

MosELEV,  Alexander  W.,   Prof,  of   Mechanics,   Head  Dept.   of 

Engineering,  Lewis  Institute,  Chicago.  May  14, 1904 

Moss.    Jerome    Aaron,    Engr..    The    J.    1^.    Moss    Iron    Works, 

Wheeling.    W.    Va.  Jun.    Dec.    21,    1906.  Nov.   8.  1913 

MuLLOY,  George  B.,  Engr.  of  Tests,  Armour  &  Co.,  Union  Stock 

Yards,  Chicago.  July  10, 1912 

Murray,  Edward,  Asst.  Engr.,  B.  &  B.  Dept.,  C.  M.  &  P.  S.  Ry. 

Co.,  Miles  City,  Mont.  June  14,  1901 

Musser,  Frank  S.,  1503,  547  W.  Jackson  Blvd.,  Chicago.  Dec.  31,1912 

Myers,  L.  E.,  Pres.,  The  L.  E.  Myers  Co.,  General  Contractors, 

1117  Monadnock  Block,  Chicago.  Apr.  25,  1910 

Mylrea.    Thomas    D.,    With     Harkness    &    Oxley.    Consulting 

Engrs.,  Confederation  Life  BIdg.,  Toronto,  Can. 

Jun.  Dec.  14.  1911,  May  13,  1913 
Neureuther,  Andrew  H..  Mechanical  Engineer.  Peru.  111.  June  23,  1902 

Nichols.  Lewis  A.,  Consulting  Engr.,  Pres.,  Chicago  Steel  Tape 

Co.,  6231   Cottage  Grove  Ave.,  Chicago.  Oct.  28, 1899 

XoRLiN,  Fred,  The  Fred  Norlin  Co.,  30  \.  La  Salle  St..  Chicago.  Aug.    8.  1904 
North,  W.  H.,  City  Engineer,  Bellingham.  Wash. 

Jun.   Mar.  21,  1900.  July  18,1905 
Oherdorfkr.  H.  D..  Asst.  to  Supervising  .\roliitcct,  I'niv.  of  Illi- 
nois,  Urhana.   III.  July    9.  1913 
O'Gara,  John,  President,   Marquette  Construction  Co.,   133  W. 

Washington  St.,  Chicago.  Feb.  20, 1903 

Orr.  Robert  E.,  Civil  Engineer  and  Surveyor,  107  Second  Ave., 

Joliet,  111.  Apr.    6,  1892 

Overholt.   Harley  G.,  Squad  Foreman,   luigrg.   Dept..   C.   M.   & 

St.  P.  Ry.  Co.,  Chicago.  Aug.  9.  1913 

Parsons,    John    L.,    Drainage    and    Civil    Engineer,    Humboldt, 

Iowa.  May  10,  1913 

Pick.   Birt   II..   luigr.,  with   I).   C.   &   Wm.    B.    Jackson.   Harris 

Trust  P.ldg..  Chicago.  '  Mar.  7.   1914 

Pence,  William   D.,  Prof,  of  Ry.   Engineering,  Univ.  of  Wis. 

Engr.,  Wis.  Railroad  and  Tax  Commissions,  Madison,  Wis.    Jan.    4, 1893 
Pendleton,  H.  H.,  City  Engineer,  Independence,  Mo.  Dec.     7, 1903 

Penn,  John  C,  Instructor,  Civil  Engineering,  Armour  Institute 

of  Technology,  Chicago.  Jun.  Oct.  8,  1906.  Active  Feb.  16,  1910 

PiCKELS,  William   Dobson,  Asst.  to  President.  .American  Engi- 
neering Specialty  Co.,  1510  Monadnock  Block,  Chicago.  Apr.  30,  1895 
Pinney,   James    C,    Jr..    Supt.    Bridges    and    Public    Buildings, 

City   Hall,   Milwaukee.  Wis.  May  16,1911 

Pole,  James  S.,  Asst.  Engr.,  Track  I-:ievation.  C.  &  N.  W.  Ry. 

Co.,  Chicago.  June  18. 1912 

Poole,  Charles  H..  Asst.  Engr.,  C.  M.  &  St.  P.  Ry.,  Chicago.      May    8, 1913 
Powell,  Cli're  M.,  Asst.  Engr.,  Universal  Portland  Cement  Co., 

Chicago.  Mar.  11,1913 
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Pravdiza,    Arthur    T.,    Checker,    American    Plant,    American 

Bridge  Co.,  Chicago.  Jun.  Jan.  7,  1910,  Oct.  16,  1913 

Radcliffe,  Wm.  H.,  Engr.,  Erecting  Dept.,  American  Bridge  Co., 

208  S.  La  Sallc  St.,  Chicago.  Xov.    3,  1905 

Rall,    Theodor,    Chief    Engr.,    Strobcl    Steel    Construction    Co., 

Monadnock  Block,  Chicago.  May  11,1912 

Ramsey,  William  E.,  Ramsey  Engineering  Co.,  1243  Stock  Ex- 
change Bldg.,  Chicago.  Jun.  Dec.  7,  1905,  Nov.  21,  1910 

Randall,  Frank  A.,  Chief  Engr.,  Morey,  Newgard  &  Co.,  116 

S.  Michigan  Blvd.,  Chicago.  Jun.  Nov.  3,  1905,  Feb.     7,  1912 

Reeder,   Edwin    C,   Engr.,   Lidgerwood   Mfg.    Co.,    1917   Fisher 

Bldg.,  Chicago.  May  29,1911 

Rich,  B.  C,  Contractor,  1209  Fort  Dearborn  Bldg.,  Chicago.       July  11,1902 

RiETH,  WiLHELM  C,  Canada  Cement  Co.,   Herald   Bldg.,   Mon- 
treal, P.  Q.  Jun.  xMar.  31,  1908,  Apr.    1,  1914 

Rogers,  C.  W.,  Secretary,  New  York  Blower  Co.,  25th  Place  and 

Stewart  Ave.,  Chicago.  May   9, 1902 

RoNEY,  William  H.,  Jr.,  with  Morey,  Newgard  &  Co.,  116  S. 

IMichigan  Ave.,  Chicago.  Jun.  Nov.  23,  1905,  Oct.    8,  1912 

Roth,  Edward  N.,  President,  Roth  Mfg.  Co..  118-24  S.  Clinton 

St.,  Chicago.  Feb.    9,1911 

Rutherford,   H.  W.,   Structural   Steel   Designer,   South  Works, 

Illinois  Steel  Co.,  Chicago.  May  16,  1911 

Sairs,  L.  B.,  Designer,  Allen  &  Garcia  Co.,  McCormick  Bldg., 

Chicago.  May     1,  1913 

Saner,   Curtis   C,   Municipal   and   Sanitary    Engineer,  4513    N. 

Campbell  Ave.,  Chicago.  Jun.  Apr.  11,  1904,  Apr.    3,  1911 

Sawyer,  Geo.  L.,  Sec'y,  Northwestern  Engineering  Corporation, 

Lindelle  Block,  Spokane.  Wash.  Jan.  29, 1907 

Schafmaver,   .a.  J.,  Div.  Engr.,  Board  of  Local  Improvements, 

City  Hall,  Chicago.  Jun.  Nov.  21,  1907,  Jan.  19,  1914 

Schroeder,  Bernhard,  Chief  Draftsman,  Sargent  &  Lundy,  Rail- 
way  Exchange,    Chicago.  Jun.    Dec.   6,    1909.  Feb.  19, 1912 

Schwarz,  Robert  C,  with  C.  M.  &  St.  P.  Ry.  Co.,  63  E.  Adams 

St.,  Chicago.  Jun.  Apr.  6,   1911,  Apr.     2,1912 

ScoTT,  James  R.,  Jr.,  Asst.  Engr.  for  H.  S.  Crocker,  308  Tram- 
way Bldg.,  Denver,  Colo.  Jun.  Dec.  8,   1908,  June  17,  1912 

Seely,  Ray,  County  Engineer  and  Surveyor,  Lake  Co.,  Indiana, 

Hammond,  Ind.  July     1,  1912 

Shafer,  Fred  F.,  Drainage  Engineer,  509  Federal  Bldg.,  Louis- 
ville, Ky.  ■        Mar.  13,  1912 

Shackleton,   Roy,   Supt.,   M.    H.    McGovern    Co.,    Chamber   of 

Commerce,  Chicago.  Nov.    4,  1912 

Skov,  Lauritz  W.,  Designer,  Bridge  Dept.,  C.   B.  &  Q.  R.   R., 

547  W.  Jackson  Blvd.,  Chicago.  June  21,  1912 

Smith,  Frederick  H.,  Sec'y-Treas.,  H.  Eilenberger  &  Co.,  Peo- 
ples Gas  Bldg.,  Chicago.  Feb.    5, 1910 

Smith,  Owen  T.,  Secretary  and  Superintendent,  Freeport  Water 

Co.,  Freeport,  111.  June   6, 1902 

Smith,  Wirt  Foster,  Ramsey  Engrg.  Co.,  1243  Stock  Exchange 

Bldg..  Chicago.  Jan.     4,  1912 

Soper,    Ellis    C,    Mechanical    Engineer,    Tames    Bldg.,    Chatta- 
nooga, Tenn.  _  Jun.  May  5.   1904.  Apr.  10,  1908 

Spalding,  Roy  S.,  Asst.  Engr.,  Water  Pipe  Extension,  404  City 

Hall,  Chicago.  Mar.  24. 1911 

Spenglkk,  J.  H..  C/o  C.  C.  Ry.  Co.,  Richmond.  Va.  Xov.    5,  1912 

Sterba,  Edward  J.,  Mechanical  Engr.,  Skillin  &  Richards  Mfg. 

Co.,   Chicago.  Mar.    1,  1911 

Stineman,  Norman  M.,  Engineering  Dept.,  C.  M.  &  St.  P.  Ry. 

Co.,  63  E.  Adams  St.,  Chicago.  Jun.  Jan.  13,   1912,  Jan.  11,1913 
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Stout,  Samuel  E.,  Efficiency  Engr.,  American  Bridge  Co.,  Gary, 

Ind.  Apr.  11,1913 

S\vf:att,   Barton   J.,   Engineer   and   Contractor,   228   Boone   St., 

Boone,  Iowa.  July  9,  1901 

Tedman,  H.  a.,  Mech.  Engr.  with  J.  C.  Llewellyn.  First  National 

Bank  Bldg.,  Chicago.  Jun.  Apr.  25,  1905,  Active  July    5,  191 1 

InDM.vs,  Hknj.amin,  607  Rush  St.,  Chicago.  May   6,  1891 

'I"()WI,i:k,  Ma.\  J.  L.,  Cons,  and  Contr.   Engr.,  Bridges,  Substruc- 
ture and  Dock  Work,  444  Vinewood  .A-ve.,  Detroit,  Mich.         July  10,  1889 
TowNE,  LocKWOOD  J.,  Instructor,  Supt.  of  Constr.  for  supervis- 
ing architect,    University  of  Illinois,  Urbana,  111.  Apr.  26, 1912 
Trees,    Merle    J.,    Contracting    Manager,    Chicago    Bridge    and 

Iron  Works,  Chicago.  Jun.  Nov.  17,  1909,  Active  Mar.    6,  1911 

Vkv,   Frank   Eugene,   Squad   h'orcnian,   ICngrg.    Dcpt.,   C.   M.   & 

St.  P.  Ry.  Co.,  Chicago.  Aug.  20,  1913 

VoN  Oven,  Frederick  W.,  Consulting  Engineer,  Naperville,  111.     Sept.    9,  1901 
V'oss,  Li-STKK  E.,  with  H.  &  O.  C.  T.  R.  R.,  Chicago,  111.  Sept.    9,  1912 

Walhridge,  John  T.,   Engineer  and   Contractor,  704-5   Pullman 

Bldg.,  Chicago.  Jun.   Nov.  8,  1907,   Aug.   4,1911 

Walker,    Archibald    O.,    Bridge    Engr.,    with    Strauss    Bascule 

Bridge  Co.,  Chicago.  Dec.  14, 1907 

Walter,  Frank  G.,  As-st.  Engr.,  I.  C.  R.  R.      Jun.  March  9,  1910,  Aug.  21,  1911 
Warner.  W.  H.,  Draftsman,  D.   M.  Burnliani  &  Co.,  1417  Rail- 
way Exchange,  Chicago.  Jun.  Apr.  29,  1910,  Dec.  31,  1913 
Weaver,  H.  P.,  District  Engr.,  Independence  Inspection  Bureau, 

1148  Peoples  Gas  Bldg.,  Chicago.  Jun.  Jan.   12.  19;)6,  Mar.  7,1914 

Wi.i'.EK,    John    L.,    Inspector,    New    Samaritan    Hospital,     I'roy, 

\.  Y.  Sept.    2,  1912 

Weeks.    Otis.   Asst.    Supt.,    Southern    Pacific.    12    Union    Depot, 

Ogdcn,  Utah.  July  26,  1506 

Whitney,  A.   Bradford,  C.   M.  &   St.   P.   Ry.   Co..   1217   Railway 

E.xchangc,  Chicago.  Jun.  Mar.  9.  1911.  Apr.  16.  1912 

WiGfiiNS,   Joseph    C.    Draftsman.    AuKrican    Bridge    Co..    Gary, 

Fnd.  Aug.  25.  1913 

\\'ii.LL\.\is.  Carl  B.,   Hyih-.ndic  and   Sanitary   Engr.,  54  W.   R.m- 

doll)Ii   St..   Chicago.  June  26.  1911 

Willis,  Paul,  Prcs.,  Kenwood  Bridge  Co.,  First  National  Bank 

Bldg.,  Chicago.  Dec.  30.  1890 

Wn.i.M akth.  Si.nii.aik  .\..  324  Soutli  .\\e.,  Glencoe.  III. 

Jun.    Jan.    S.    1910.  July  10.   IfJll 
Wilson,   Fred   Norwood,    Pres.,    F.    N.   Wilson    Machinery    Co., 

3127  Shields  Ave.,  Chicago.  Jun.  Mar.  14,  1908,  Active  July    8,  1911 

Winston,  William  Overton.  Vice-Pres.,  Winston  Bros.  Co.,  801 

Globe  Bldg..  Miimeapolis,  Minn.  Sept.    2,  1884 

Wood.   Earl   L.,    Bridge    Designer,   C.    M.   &    St.    P.    Ry..   63    E. 

Adams    St.,    Chicago.  Dec.     2.  1912 

Wricht,  Charles  C,  1848  Washington  Blvd.,  Chicago. 

Jun.  Apr.   16.   1910.  Aug.  30.  1912 
\'a(,kk,  Rai.i'H  M.,  .Asst.  luigr.,  C/o  Lyman  E.  Cooley,  22  Quincv 

St..  Chicago.  '  July    8,  1912 

Yeoman.  Ray  C,  Dean  of  Engineering,  Valparaiso  Universitv, 

Valparaiso,  Ind.  "   Apr.  14,  1^13 
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Aiken,  Vernon  II.,  Civil  Engineer,  Endcrlin,  N.  D.  I-'eb.     6.1913 

Amtiiiir.  I'"rei)  Imiu  aki),  .Asst.  Engr..  St.   lose])!!  Lead  C<>..  ILreu- 

laiuum.  Mo.  "  Dec.  12.  1911 
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AsHDOWN,  E.   H.,  Municipal  and   Sanitary   Engineer,   City   Hall, 

Chicago  Heights,  111.  Jan.  20,  1913 

Bailey,  Pal'l  Shields,  Draftsman,  .American   P>ri(lge  Cf).,  Gary, 

Ind.  Sept.    8,1913 

Baker,    Homer    S.,    I'Jigr.,    Western     l"".lectric    Co.,    Ilawtliornc 

Station,  Chicago.  Feb.  18,  1913 

Banne,    William,    with    American    Bridge    Co.,    Clybourn    and 

Wrightwood  Aves.,  Chicago.  Dec.  12,  1910 

P)ATES,  Flovu  E..  Chief  Draftsma.n,  I'.ridge   Dept.,  AIo.  Pac.  Ry., 

St.  Loui.s,  Mo.  May  12.  1911 

Bayer,  Ekvin  J.,  Asst.  Engr,  C.  C.  C.  &  St.  L.  Ry.,  (ialion,  Ohio.  July  6,  1911 
Benjamin,  Edward  P.,  As.st.  Engr.,  Underwriters'  Lalxiratnries, 

207  E.  Ohio  St.,  Chicago.  July    7,  1913 

Bergquist,  J.  Emil,  Draftsman,  .American  Bridge  Co.,  Gary,  Ind.  Sept.  11,  1913 
Bliss,   Harold,   D.,  Efficiency   Engineer,    Morris   &   Co.,    Union 

Stock  Yards,  Chicago.  Dec.  18, 1911 

Bradshaw,    Grant    D.,    Steam    Engineer,    Cambria    Steel    Co., 

Johnstown,  Pa.  Mar.    4,  1910 

Brady,  Joseph  B.,  Machinery  Dept.,  J.  T.  Ryerson  &  Son,  16th 

and  Rockwell  Sts.,  Chicago.  Jan.  12,  1912 

Burton,  Earl  K.,  Res.  Engr.,  C/o  Behn  Bros.,  53  San  Francisco 

St.,  San  Juan,  Porto  Rico.  Feb.     3,  1913 

Canby,  Joseph  Lynch,  4821  Ellis  Ave.,  Chicago,  111.  July  10, 1911 

Carlson,  Harvey  J.,  with  Chicago  Portland  Cement  Co.,  Oglesby, 

111.  Nov.  12,  1913 

Coles,  Max  N.,  Address  not  known.  Jan.  17, 1910 

Corliss,  J.  Lester,  Westinghonse  Electric  &  Mfg.  Co.,  Chicago.  July  11, 1913 
Dalrymple,  Chester  H.,  6920  Kimbark  Ave.,  Chicago,  111.  Feb.     6,1911 

Davis,    Uriah,    Load    Dispatcher,    Conuuonwealth    Edison    Co., 

Chicago.  Sept.  10,  1904 

DeLeuw,  Charles  E.,  Engr.,  Central  luigineering  Bureau,  Harris 

Tru,st  Bldg.,  Chicago.  Mar.    6,  1913 

DiERKS,  Louis  E.,  Draftsman,  2736  N.  Kedzie  Ave.,  Chicago,  III.  Aug.  13,  1912 
Dischinger,  Henry  F.,  Draftsman,  .American  Bridge  Co.,  Gary, 

Ind.  Oct.     6,1913 

Doerr,    Harold    F.,    .Architectural    Supt.,    4920    Champlain    Ave., 

Chicago.  Aug.  15,  1913 

Douglas,  Walter  C,  Sec'y,  Topping  Bros.,  R.  R.  Contractors' 

Supplies,  122  Chambers  St.,  New  York.  May     8,1911 

Drought,  Orville  H..  Structural  Draftsman,  B.  &  B.  Dept.,  City 

Hall.  Milwaukee,   Wis.  Dec.  14,1910 

Duff,  Arthur  AI.,  6458  Eggleston  .Ave.,  Chicago.  Oct.     6,  1913 

Elliott,  Hiram  W.,  Supt.  for  Geo.  A.  Fuller  Constr.  Co.,  2218 

Grand  Ave.,  Kansas  City,  Mo.  May  11, 1909 

Erickson,  Oscar  R.,  Leonard  Construction  Co.,  1937  McCormick 

Bldg.,  Chicago.  Feb,     6,  1913 

Evans,   E.   Webster,   Supt.   of   Constr.,    New   Orleans   Terminal 

Co.,  New  Orleans,  La.  Mar.    5,  1910 

Ferrenz,  T.   J.,    Structural     Designer,     Chicago    City    Ry.   Co., 

Chicago.  Jan.  17,1912 

Fisher,  H.  P.,  Estimator,  R.  C.  Wielioldt  &  Co.,  1550  N.  Robey 

St.,  Chicago.  Mar.    6,  191 1 

Fox,  Joseph  Russell.  C/o  ^■.  M.  C.  .A.,  Duluth,  Minn.  Sept.  12,  1913 

Fry,  Vene  D.,  Supt.  Public  Utilities.  lola,  Kas.  Feb.  14, 1907 

Garner,  Harrison  L.,  With  Danied  W.  Mead.  Consulting  Engr., 

530  State  St.,  Madison,  Wis.  Apr.  28,  1910 

Gayton,  Oscar  F.,  979  S.  Downing  St.,  Denver,  Colo.  Apr.    5,  1911 

GiFFEY,  Max  A.,  with  Link-Belt  Co.,  Central  Nat'l  Bank  Bldg., 

St.  Louis,  Mo.  Jan.  17,  1910 
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GiLLAM,  W.  R.,  Asst.  Engr.,  Y.  &  M.  V.  R.  R.,  Memphis,  Tenn.     Dec.   9,1903 
GiLMORE,  Millard,  Variety  Manufacturing  Co.,  2958  Carroll  Ave., 

Chicago.  . .         Apr.  26.  1910 

(iRAVKR,    Alexander    M.,    Purchasing   Agt.,    Wni.    (jravcr    i  ank 

Works,  East  Chicago,  Ind.  L)ec.    9,  1909 

Grower,  Jacob  W.,  Lackawanna  Bridge  Co.,  Elmore,  Ohio.  Xov.    1,  1913 

Hallid'av,  X.  W.,  Jr.,  C/o  Southern  Utilities  Co.,  Jacksonville, 

pj.^       '  May  19, 1913 

IIansi-x,  Harvkv   M.,  Draftsman.  3847  Perry  St.,  Chicago.  Sept.    8,1913 

Harper,  Fred  C,  Western  Manager,  Concrete  Steel  Co.,  1106-7 

Monadnock  Block,  Chicago.  Apr.  15,  1907 

Harvey,  James    S.,   Jr.,    Engr.,    American    Spiral    Pipe    Works, 

Chicago,  III.  Apr.     8,  1912 

Haugh,  Je.sse  L.,  Asst.  Engr.,  C.  &  X.  W.  Ry..  226  W.  Jackson 

Blvd.,  Chicago.  ,  ^I;''-.    J,  1910 

Heinicke,  Adolph  F.  L.,  Engr.,  care  A.  B.  Groves,  501   Stock 

Exchange  Bldg.,  St.  Louis.  Mo.  Mar.    6,1911 

Hkrbkk,  PiKKKK,  Draftsman,  C.  xM.  &  St.  P.  Ry.,  69  E.  Adams  St., 

Cliicago  Sept.    3.  1913 

HouGKs,  Pai;l  V.,  Civil  Engr.,  416  Couch  Bldg.,  Portland,  Ore.    Aug.  30.  1909 
Holmquist,  Fred  N.,  Asst.  City  Engineer,  Phoenix,  Ariz.  Feb.  11,1910 

HooDWiN,  H.  J.,  Sec.-Treas.,  City  Engineering  Constr.   Co..   139  _ 

N.  Clark  St.,  Chicago.  .       Mar.    .i.  19139 

Howard,  Robert  V.,  Draftsman,  Trautwein  Dryer  &  Engmeermg 

Co.,  417  S.  Dearborn  St.,  Chicago.  Jan.  30,  1912 

Hughes,  Edward,  Draftsman,  .American  Bridge  Co.,  Gary,  Ind.     Aug.    9,  IVIJ 
Hunt,  Henry  J.,  With  Uanied  W.  Mead.  Consuhing  Engr..  530      • 

State  St.,  Madison,  Wis.  Oct.     /.  190/ 

Jacobi,  Will  O.,  Constr.  Engr.,  Omaha  &  Council  Blufifs  St.  Ry. 

Co.,  Omaha,  Neb.  D<?C-  21.  1906 

Jacobsen,  Christ,  Structural  Draftsman,  Lassig  Plant.  .American 

Bridge  Co.,  Chicago.  .Aug.  11.1913 

Jenison,  E.  S.,  Jr.,  Canadian  Fairhanks-Morse  Co..  Ltd.,  84  St. 

Antoine  St.,  Montreal,  Que.  Sept.  11.  1911 

[ennings,  George  T.,  Inspector,  Engrg.  Dept.,  C.  M.  &  St.  P.  Ry.. 
■     Chicago.  I^ec.  10,  1913 

Johnson,  Frank  Y.,  with  Sargent  &  Lundy,  Railway  Exchange, 

Chicago.  ^  Dec.  29. 1909 

Kkll(k;(;.  Wilbert  H.,  986  Quinnipiac  Ave..  New  Haven.  Conn.      May  12,  IVW 
Kettle,' James  R.   P..    Principal    Examiner  of   Efficiency,  Cook 

County  Civil  Service  Commission,  Chicago.  Dec.  29,  1913 

Kleene,  Walter  T.,  2211  Burling  St.,  Chicago.  Peb.  15.1910 

Leichenko,  Peter  M.,  Architectural  Engr.,  with  R.  S.  Lindstroni,  ,  ,^, , 

Chicago.  Aug.  2.  1913 

Lewis,  George  D.,  Instrumentman,  C.  M.  &  St.  P.  Ry..  Ottumwa, 

Iowa.                                                                                 o    o     .     ^^^  • 

Lindstrom.   Arthi'r   C,    Structural    h.ngr..    Il..lal)ir(l   &    Roche,  ,r.ini3 

1400  Monroe  Bldg.,  Chicago.                                                        .       May  19.  1^13 
Llewellyn,  Ralph  Corson,  Architectural   Engineer,   1520  First 

National  Bank  Bldg.,  Chicago.                                                       ^   J"'y  «■  1^"' 

Loewenberg.  Max   L.,  Reinforced   Concrete   Designer,  C.    M.  &  x,  ,mi 

St.  P.  Ry.,  Chicago,  111.                                                          ^           Apr.  28.  1913 

Love,  Joseph   F...  Draftsman,  luigrg.  Dept..  C.   M.  &  St.   P.   Kv  .  . 

Chicago.                                                                               ^         .         '^^■^-  -■^•I'^l-^ 
Li'DBERG,    .Aniiri.w    P..    Dr.i f t ^^UKin.    .\meru-an    I'.ndgo    Co..    (.ary. 

Ind.                                                                        .          .       .      ,        ^^  .\ug.  2/.im3 
Li'EBi.(  K,  .\leri  D.  DraftMu.in.  I'.ridtic  Dipt..  C     (S;   \.  W     Ky..  226 

W.  Jackson  Blvd.,  Ciiicag...                                                                 '^^•^"  10.1913 
Mackenpruk.  Francis  R..  C/o  Stone  &  Welister  luigrg.  Corp.. 

147  Milk  St..  Bust. Ml.  Mass.                                                              •■^•''  4.  l^m 
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March,  Isaak,  Structural  Detailer,  American  Bridge  Co.,  Gary, 

Ind.  Oct.  24,  1913 

Martinez,  Eluetkrio,  Civil  Engineer,  Colonia  6,  Mexico  City, 
Mexico. 

]\Iatzow,  Jakob,  Draftsman,  American  Bridge  Co.,  Gary,  Ind.         Oct.     6,  1913 

Maver,  David  B.,  Draftsman,  C.  M.  &  St.  P.  Ry.,  Chicago.  May  28,1913 

Maxwell,    Donald   H.,   Asst.    Engr.,    Alvord   &    Burdick,    1417 

Hartford  Bldg.,  Chicago.  Aug.  10, 1910 

McBride,  Bernard  R.,  with  D.  W.  Mead,  530  State  St.,  Madison, 

Wis.  July   8,1909 

McCoRD,  Joseph  D.,  Engr.  and  ^lanufacturers'  Agent,  610  Ma- 
jestic Bldg.,  Milwaukee,  Wis.  May     8,  1909 

McGann,  Wm.  H.,  Draftsman,  Link-Belt  Co.,  Chicago.  June  14, 1911 

McGiXNis,  W.  Lvxx,  Draftsman,  American  Bridge  Co.,  Lassig 

Plant.  Chicago.  Aug.  2Z,  1913 

Meier,  Ernest  E.,    Southwestern     Engineering    Co.,    Santa    Fe, 

N.   M.  May  17, 1907 

Meigs,  Stanley  V.,  Draftsman,  A.  T.  &  S.  F.  Ry.,  1011  Kerchoff 

Bldg.,  Los  Angeles,  Cal.  May    8,1911 

Money,  C.  A.,  Designing  Engr.,  with  Canadian  Stewart  Co..  Ft. 

William,  Ont.  Dec.     2,  1912 

Morgan.  Charles  W.,  Mgr.,  Western  Magneto  &  Ball  Bearing 

Co.,  119-121  E.  16th  St.,  Chicago.  Mar.    9,1911 

Myler,  Thomas  K..  C/o  Y.  M.  C.  A.,  Clinton,  Iowa.  Oct.  22>.  1913 

Nelson,  Benjamin,  Draftsman,  Warren  Webster  &  Co.,  Monad- 
nock  Block,  Chicago.  June  17, 1912 

Newton,  Frank  A.,  Dept.  of  Statistics  and  Accounts,  Railroad 

Commission  of  Wisconsin,  Madison,  Wis.  July    6.  1909 

Nolte,  Charles  Beach,  Mech.  Engr.,  Robert  W.  Hunt  &  Co., 

2200  Insurance  Exchange,  Chicago.  Mar.  30,  1910 

Olsen,  Gustave  C,  Draftsman,  American  Bridge  Co.,  Gary,  Ind.   Sept.  11,  1913 

O'Rourke,  George  M.,    Masonry    Inspector,    I.   C.   R.   R.   Co., 

Dyersburg,  Tenn.  Aug.     7,1911 

Pedersen,  Walter  S..  434  St.  James   Place,  Chicago.  Xov.  13,  1913 

Pennebaker,  E.  S.,  Resident  Engr.,  Union  Railway  Co.,  Mem- 
phis, Tenn.  May    6,1911 

Pfisterer,  George  E.,  Dist.  Mgr.,  Green  Engineering  Co.,  Chem- 
ical Bldg.,  St.  Louis,  Mo.  Aug.  12, 1909 

Pflanz,  Ernst  L.,  Structural  Draftsman,  American  Bridge  Co., 

Gary.  Ind.  _  Aug.  21,  1913 

Pillsbury,   Charles    Stephen,    Mechanical    Engineer,    Chicago 

Bridge  &  Iron  Works,  Washington  Heights,  Chicago.  Apr.  19, 1909 

Reddersen,  Edward  E.,  Engr.,  on  Building  Construction,  Chicago 

Railways  Co.,  Chicago.  Student,  Dec.  6,  1912,  Mar.  24,  1914 

Richards,   L.   S.,   Engineer,   with   Link-Belt   Co.,   39th   St.   and 

Stewart  Ave.,  Chicago.  July   6, 1907 

Richards,  Thomas  E.,  Jr.,  Supt.,  Lorimer  &  Gallagher  Co.,  1419 

Broadway,  E.  St.  Louis,  111.  _  June  18, 1910 

Ryerson,  Edward  L.,  Jr.,  Joseph  T.  Ryerson  &  Son.  Chicago.      Aug.  25, 1910 

Sackerson,  a.  Edwin,  Templet  Maker,  American  Plant,  Ameri- 
can Bridge  Co.,  Chicago.  Dec.  12, 1913 

Sauerman,  John  A.,  Sauerman   Bros.,   1140  Monadnock   Block, 

Chicago.  Feb.  10.1910 

Schobinger,    George,    Asst.    Engr.,    U.    S.    Reclamation    Service, 

Yuma,  Ariz.  .  Sept.    3,1909 

Seyl,  Paul  C,  Engineer,  Robins  Conveying  Belt  Co.,  Old  Colony 

Bldg.,  Chicago.  Nov.   8,1909 

Shenk,  Arthur  B.,  Special  Student,  Northwestern  University, 

Evanston.  111.  .\pr.    1.  1914 

Shurgar,  W.  G.,  Asst.  to  Results  Engr.,  Southern  and  Eastern 

Dist.,  Henry  L.  Doherty  &  Co.,  Meridian,  Miss.  June    7,  1913 
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SOMMERFFXD,      GkORGK      W         Structlir.l       ])r-U  ,  ■  ^pr.  29.  1910 

Bridge  Co.,  Gary.  Ind  "     ''''"^'"'^'''      '^--..ftsman.     American 

'Te?*;^,/"""'  ''''''-'''"'  ^ ''■■-■'•-''   -^'-''--ry  Co..  Milvvau- ^"'^     '''''' 

Stkwa'rt,  CHARLE.S,  Asst    Contracting  Fnc.?'"w"^'  '^P-'-  I  ^-^P'  "'^P''-  ^4.  1914 

&  Iron  Co..  1617-19  MonadnSk  SLk  ?hicl.o'°I^^^       ^"'^^M         .  ,nnn 

Stra^no.  Ellsworth  H..  Draftsman.  An.cnca,rB'HdJe'co..  Gary, ""'"    '' ^^ 

'"Bldg.:  cEgo'  ''■•  '^^■''^^■^'"■''"'  ^■»-  ^-  ^'-^t.  1707  Marcuette'^^^-  ^^'  '''' 
Stvlj^s.  Edwix  R..  Masonry  Inspector    I    C    R    R     ri  •  P^^'  ^'  ^^13 

Sullivan,   William   Tyrrfll    Structural    Fnlr'T-''^''Ti,        J"'^  ^0,1913 
American  Bridge  Co.,  Chicago  ^"^'■'    ^"'^'^    P'^"*'  ,         . 

"^"lI^lSnrCHcaio  •'^"-  ^"--  ^-  ^  ''■  ^  R-  R-  Dcarbon/^^-  '' ^^ 
^T;:  C^JcTo'  ?n-'  '"^^^^^°^'  ^^"■^^^-  ^^P^-  S">^'-ger  &  Sons  ''''■  ''  '''' 
'''renrCo^,Ta;v^'  f^-  ^''''-'  ^'^'-^  foundry  E.uip- ''^^- '^^  ^^^^ 
Wall^acf.  Robfrt  S.,'  Draftsman  with    Hansel-Elcock  Co.,   Chi- ^°"    ^' '^" 

'"''St'chic/;;:"^  ^-  ^^■''  ^'^^^'^^"  ^"^^^  Co..    72  VV.  Adams  ^""- "  ^'^- 

'''^T^m;:"-^^'  ^-  ^"^^'^"■^^"  ''— -•  ^-  C.  Shops.  Mem-"^"^-^''^^ 
Warki.f.v,  loHN  C    Dr-iftsm-.n    Ar,,....;         D  -i       /-        ,  ^lar.  17.  1913 

"^^^f ^S" &B''™'- ^"^ "'^ "£- -';^: ^'"^  -^ - 

Wki.ss.  Charles  Lfwis    Drnftsmnn    rui  c.    ,  r,     ,  ^^''''■-    5,1909 

2025  Elston  Ave     Chicago  ""  ^'"'^  ^'"''^"'^^^  C°- 

"^It.:  cEgo.^-  C— "-alth  Edison  Co.,  120  W.  Adams  ''''■  '''  '''' 
VVn.Kixsox,  \^^\,.-r|.:R    16P  CitMiK-nf  <;t     T-.i;  ^    m  ^^^-     5,1910 

"".o""^-  ""ZtZ^-  "''^  ^'"•''  "'^-  ^°    «'"  A-.  and  Tav.-^-'-    «'  "" 

\\  KK;Hr.  Tho.\i.\s    T      Ir     Fnor  'jn  ri,.?^„       f  /-  Aug.  17,  1912 

^  im-ip,-.i  vv,.„..r  \v!;;£;  Ss;,  ™,m '"v^' "'  ^""^''"--"-"^  M"-  ,,    ^ 

pSeSTve"ar.a.o'''"""'"'    ''"'"''    ""^ '   *""    ^t-    and  °"-  "'  ""^ 
%■  Jan.    7,1910 
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Blome,  Rudolph  S.,  Rudolph  S.  Blonie  Co.,  General  Contractors, 

139  N.  Clark  St..  Chicago.  Aug.     8,  1908 

Bryant,  George  H.,  Western  Representative,   Thos.   Prosser  & 

Son,  Old  Colony  Bldg.,  Chicago.  Apr.    2,  1895 

Byrne,  Thomas,  Contractor,  5502  S.  Halsted  St..  Chicago.  Nov.    7, 1894 

Chandler,  Frank  S.,  Asst.  Engr.,  Commonwealth  Edison  Co., 

28  N.  Market  St.,  Chicago.  Dec.  23,  1909 

DiETZGEN,    Eugene,    President,    Eugene    Dietzgen    Co.,    166    W. 

Monroe  St.,  Chicago.  Sept.    7, 1886 

Drake,  Clyde  I.,  Drake  &  Berg,  Inc.,  12  VV.  Adams  St..  Chicago.  Jan.  19,  1910 

Evans,  D.  J.,  President,  Andresen-Evans  Co.,  635  Railway  Ex- 
change, Chicago.  Aug.    9, 1907 

Eraser,  Norman  D.,  Pres.,  Chicago  Portland  Cement  Co.,  Stock 

Exchange  Bldg.,  Chicago.  Oct.  10,  1904 

Gavtox,  L.  D.,  Bureau  of   Engineering.  City  Hall,  Chicago.  Apr.  28,  1910 

Griffiths.  John,  John  Griffiths  &  Son,  Merchants'  Loan  &  Trust 

Bldg.,  Chicago.  Nov.   7,1894 

Hall.    Robert    F..    .X.ssistant    Saks    .Agent,    Universal    Portland 

Cement  Co.,  20b'  ^i.  La  Salle  St.,  Chicago.  Feb.     7,  1913 

Hansen,  Edward  S..  Editor,  Cement  Era,  538  S.  Dearborn  St., 

Chicago,  111.  Feb.    7, 1913 

Howard,  F.  H.  P.,  4741  Dover  St..  Chicago.        Jun.  Nov.  7,  1904,  Mar.   8,  1909 

Johnson,  Frank  J.,  Sec'y  American  Hoist  &  Derrick  Co..  713 
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Miller,  Kenipster  B. 
Mills,   Edwin   S. 
Mills,  James  L. 
Miltoii,  Taliaferro. 
Miskclla.  Wm.  J. 
.Misostow,    Henry 


CH ICAGO    Continued. 

Modjeski,  Ralph. 
Mohr,  Louis. 
Money,  Clarence  .\. 
Monnett,   Osborn. 
Monroe,   Wm.   S. 
Morava,    Wenscl. 
Morey,  Charles  W. 
Morgan,  Arthur  M. 
Morgan,  Charles  W. 
Morgan,  E.  Robins. 
Morse,  C.  A. 
Moseley,  Ale.xander  W. 
Moss,  Earl  C. 
Moss,  R.  S. 
Mott,  A.  D. 
Mountain,  John  T. 
Mulloy,  George  B. 
Murison,  A.  S. 
Musham,  John  W. 
Musser,   h'rank    S. 
Myers,  L.  E. 
Naylor,  Chas.  W. 
Xelson,    Benjamin. 
Nethercut,  E.  S. 
Nichols,  Geo.  P. 
Nichols,  Lewis  A. 
Nichols,  Samuel  F. 
Nolte,  Chas.  B. 
Norlin,  Fred. 
Norwood,  Clarence  H. 
O'Byrne,  Frank  J.   J. 
O'Gara,  John. 
O'llagan.   H.   P. 
Olmsted.  11.,   Ir.    ' 
O'Rourke,  G.  M. 
Osthoff,  Otto  E. 
Overholt.   H.  G. 
Owen.  A.  F. 
Palmer,  Ray. 
Page,  John  W. 
Patterson,  Wm.  R. 
Peabody,  F.  S. 
Pearl,  James  W. 
Pcarse,  Langdon. 
Peck.   H.    IF. 
IV.lerscn.  W.   S. 
Penn,  John  C. 
Perkins,   Edmund  T. 
Perry,  L.  L. 
Petersen,  John  H.  D. 
Phillips,   George   W. 
Phillips,  T.  C. 
Pickcls,  Wm.  D. 
Pierce.  Edwin  F. 
Pierce,  Jos.  N. 
Piez,  Charles. 
Pillsbury,  Chas   ."s 
I'oK',    lames   .^. 

i'on(i."h\  n. 

Poole,  C.  IT. 
Poppenhusen,    1'.    .Albert 


Postel,   Fred  J. 
Powell,    Clure   M. 
Powell,  A.  V. 
Pratt,  Chas.  A. 
Pratt,  W.  H. 
Pravdiza,  Arthur  T. 
Prior,  Jos.  H. 
Putnam,  L.  J. 
Quilty.  T.  Frank. 
Radcliffe.   Wm.    H. 
Rainier,  Frank  E. 
Rail,  Theodor 
Ralls.  M.  S. 
Ramsey,  Wm.  Everton. 
Randall.  Frank  A. 
Randolph,  Isham. 
Randolph,  Robt.  Isham. 
Rasmusscn,  Frank. 
Rcddersen,    E.   E. 
Reeder,  Edw'n  C. 
Reeves,  Wm.  T. 
Reichmann,  Albert. 
Renwick,  Edward  A. 
Reynolds,  J.  J. 
Rice,  Arthur  L. 
Rice,  L.  V. 
Rice,  Ralph  H. 
Rich,  Ben  C. 
Richards,  L.  S. 
Ritter,  Louis  E. 
Roberts,  W.  R. 
Robinson,  A.  F. 
Robinson,  E.  M. 
Robinson,  Jas.  S. 
Robinson,  Wm.  C. 
Rogers,  Chas.  W. 
Rogers,  Walter  A. 
Roney,   \V.    II.,  Jr. 
Ronneberg,  Nathal. 
Roper.  D.  W. 
Rosenbach,  Rudolph  G. 
Rosing,   A.   S. 
Roth,  Chas.  H. 
Roth,  Edward  N. 
Rounsexille,    1). 
Rummler,  Eugene  A. 
Rutherford,  H.  W. 
Ryan,  Laurence  P. 
Ryerson,  Edward  L.,  Jr. 
.'^ackerson,  .\.   K. 
."sager,  Fred  A. 
Salisbury,  Chas.  R. 
Samson.  C.  L. 
.Sanderson.  John  C. 
Sanstadt,  H.  A. 
.Saner,  C.  C. 
S.irgeut,   Frederick, 
."^ass,  John  H. 
!^aucrman,  Henry  B. 
.'^auerman,  John  A. 
Savagt,  Frank  N. 
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Sawyer,  J.  H. 
Saxe,  Alfred  J. 
Schaefer,  J.  V. 
Schafmayer,  A.  J. 
Schaiiffler,  C.  E. 
Scheible,  Albert. 
Schmidt,  Hugo. 
Scholz,  Carl. 
Schrader,  A.  C. 
Schroeder,   Bernhard. 
Schroeder,  Carl  P. 
Schuchardt,  R.  F. 
Schwarz,  Robert  C. 
Seafert,  Wm. 
Seely,  Garrett  T. 
Seyl,  Paul  C. 
Seymour,  W.  W. 
Shackleton,  Roy. 
Shankland,  E.  C. 
Shankland,  R.  M. 
Shaw,  W.  A. 
Shepherd,   Chas.  W. 
Sherman,  LeRoy  K. 
Shields,  W.  S. 
Shimizu,  H.  S. 
Shnable,  E.  R. 
Simmons,  H.  H. 
Simmons,  I.  L. 
Simonds,  O.  C. 
Sjolander,  Axel  K. 
Skinner,  Elgie  R. 
Slifer,  Hiram  J. 
Sloan,  David. 
Slade,  Alfred. 
Smetters,  S.  T. 
Smith,  A.  C. 
Smith,  Ernest  F. 
Smith,  Frederick  A. 
Smith,  Frederick  H. 
Smith,  Gilman  W. 
Smith,  R.  C. 
Smith,  W.  F. 
Smith,  Willard  A. 
Smythe,  Edwin  H. 
Snell,  Harold  W. 
Snow,  T.  W. 
Snyder,    F.    T. 
Sorge,  Adolph. 
Spalding,  Roy  S. 
Springer,  G.  B. 
Spurling,  O.  C. 
Stebbings,  W.  L. 


CH ICAGO— Continued. 

Stephens,  James  S. 
Sterba,  Edward  J. 
Stern,  Isaac  F. 
Stewart,  Chas. 
Stineman,  N.  M. 
Stone,  Frank  L. 
Storey,  W.  B.,  Jr. 
Stowell,  Myron  R. 
Strauss,  J.  B. 
Strehlow,  Oscar  E. 
Strobel,  Charles  L. 
Sturges,  F.  D. 
Sturm,  Meyer  J. 
Styles,  E.  B. 
Sues,  Harry  D. 
Sullivan,  Wm.  T. 
Summers,  L.  L. 
Sunny,  B.  E. 
Sweeney,  John  M. 
Symons,  \V.   E. 
Taylor,  Frank  H. 
Tedman,  H.  A. 
Theodorson,  Wm.  A. 
Thomas,  B. 
Thompson,  Fred  L. 
Thon,  George  L. 
Tomlinson,  Daniel  A. 
Towne.  W.  J. 
Townsend,  Robert  D. 
Tratman,  E.  E.  R. 
Trees,  Merle  J. 
Trowbridge,  Chas.  B. 
Truman,   Percival  H. 
Turley,  Everett  W. 
Vanderkloot,  Wm.  J. 
Vanderlip,  H.  E. 
Van  Trump,   Isaac. 
Vent,  Fred  G. 
Vey,  F.  E. 
Vial,  Frederic  K. 
Von  Babo,  Alex. 
Voss,  Lester  E. 
Wagner,  Walter. 
Waite,  Edward  B. 
Walbridge,  John  T. 
Walker,  Archibald  O. 
Wallace,  A.  L. 
Wallace,  Robert  S. 
Wallace,  Wm.  A. 
VValledom,  J.  J. 
Waring,  J.  M.  S. 
Warner,  W.  H. 


Warren,  A.  C. 
Watkins,  Frederick  A. 
Weaver.  H.  P. 
Webb,  Alexander  R. 
Weber,  Carl. 
Weiss.   Chas.   L. 
Wells,  Melville  B. 
Werlich,  J.  F. 
West,  Francis  T. 
West,  Oscar  J. 
West,  Porter  R. 
Westcott,  Oliver  J. 
Weston,  Geo. 
Wheeler,  Herbert  M. 
White,  Linn. 
Whitney,  A.  B. 
Wiener.  C.  A. 
Willard,  D.  E. 
Willard,  J.  M. 
Williams,  Benezette. 
Williams,  Carl  B. 
Williams,  D.  D. 
Williams,  H.  E. 
Williams,  W.  E. 
Willis,  Paul. 
Willmarth.  S.  A. 
Wilson,  E.  B. 
Wilson,  Fred  N. 
Windett,  Victor. 
Winslow.  Benj.  E. 
Wisner,  G.  M. 
Witherspoon,  John  M. 
Wolf.  Albert  H. 
Wood,   Earl  L. 
Wood,  Edward  N. 
Wood,  Wm.  E. 
Woodman,  Andrew  W. 
Woodworth,  P.  B. 
Wray,  James  G. 
Wright,  Albert  F. 
Wright,  Chas.  C. 
Wright,  F.   H. 
Wyles,  Tom  R. 
Yager,  Ralph  M. 
Young,  Herbert  W. 
\'oung,  J.   G. 
Zahlen,  J.  V. 
Zem.an.   Leonard   II. 
Zick.  A.  F. 
Ziesing,   August. 
Ziesing,  H.  H. 


ILLINOIS— Continued. 


AuROR.^.— Willett,  W,   M. 
Chicago   Heights. — 

Ashdown,   Edward   H. 

Fox,   Allen   L. 


Chillicothe. — 
Dugan,   David  H. 
Heilbron,  E.  H. 
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ILLINOIS— Continued. 

Danville. — 

Ely,  H.   M. 

Hegeler,  Julius  W. 
Depue. — 

Dinwiddie,  Edwin. 

Wray,  D.  C. 
East  St.  Louis.— Richards,  T.  E.,  Jt. 

EVANSTON.— 

Basquin,  O.  H. 
Hayford,  John  F. 
Maddock,  H.  S. 
Salt,  T.  V. 
Shenk.  A.  B. 
Tyrrell,  Henry  G. 
l-'iSHKK. — Hcwcrdine.  T.  S. 
Freeport. — Smith,  Owen  T. 
(iKNHVA.— Roney,  William  H. 
Gillespie.— Dyer,  James  A. 
Glencoe.— Marsh,   Don  E. 
Joliet. — 

Montzheimer,  A. 
Orr,  Robert  E. 
Ladd. — Chadwick,  Frank  D. 
Lo.MiiAKL). — Mory,  L.  C. 
Naperville.— Von  Oven.  F.  W. 
Oak  Park.— Sargent.  Welland  F. 
0(.LE.sBV. — Carlson,  H.  J. 
Peki.v. — 
Haugh,  J.  L. 
Huffman,  Frank  C. 
Van  Ingen,  D.  K. 
Peoria. — 
Harman,  Jacob  A. 
Harman,  John  J. 
Peru. — Neureuther,  A.  H. 
Rock  FORD. — 

Stowell,  Chas.  C. 
Troxel,  I.  W. 
Springfield. — 
Irving,  Thomas  J. 
Johnson.  Arthur   N. 
.McArdle,    P.   C. 
Stkki.i.nc;. — Iloncns,   F.  W. 
Urbana.^ 
Baker.  Ira  O. 
Brooks,  Morgan. 
DeWolf,  Frank  W. 
Goss.  W.  F.  M. 
i;rifiith.  C.   1'. 
Hansen,  Paul. 
OlH-rdorfor.  II.  \). 
Richards.  C.  R. 
Ricker,  N.  Clifford. 
Stock,  H.  H. 
Talbot.  A.  N. 
TlitinipMiii,  C.   H. 
Towne,  L.  J. 
White,  James  M. 
Williams,  R.  Y. 
Wilson,  W.   M 


Western  Springs.- Nichol,  John. 
Wheaton'.— Webster,  A.  L. 


INDIANA. 

Crown  Poi.nt.— Broughton,  H.  P. 
Gary.— 

Bailey,  P.  S. 

Bergquist,  J.   E. 

Casper,  E.  H. 

Chase,  Carl  W. 

Dencer,  F.  W. 

Dischinger,    H.   h. 

Dooge.   G.  C. 

Duff,  A.  M. 

Flowers,   Roy   W. 

Graham,  W.   K. 

Ilayden,  A.  L. 

Head,  C.  S. 

Hoke,  G.  B. 

Hughes,  Edw. 

Jones.  H.  X. 

Kennedy,  C.  J. 

Ludberg.  A.   P. 

Manel,  L.  C. 

March.  I. 

Matzow.  J. 

Money.  F.  B. 

Olscn,  G.  C. 

Pflanz,  E.   L. 

Ruchti,  Fred. 

Sommerfcld,  G.  W. 

Stout,   Samuel    E. 

Strang.  E.  H. 

Sundstroni,  C.  .\. 

Tompt.  Alfred  T. 

Warkley.  J.  C. 

Wiggins,  J.  C. 
Evansville. — Hel)i)lc\vhitc.  G.  W 

1 1  A. M  MONO. — 

Gersbach,   Otto. 

Seely,    Ray. 
Indianapolis. — 

Lewis.  C.   H. 

Luten,  Daniel  B. 

Sargent,   Charles   E. 
Kokomo. — Mann,  Wm.  F. 
La  Fayette. — 

Greve,  F.  W.,  Jr. 

Harding,  C.  F. 

Hatt,  W.  K. 

Rl  NSSKLAKR.  —  BoStWJck.    L.    .-\. 

Richmond.— Charles,  Fredric  R. 
South  Bend. — Smith.  Frank  M. 
Valparaiso. — 

Bell,  Victor  H.  ^ 

Stinchtield.  G.  F. 

Yocman,  R.  C. 
ViNCENNKS.— Spiker,  Jacob  S. 
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IOWA. 

Ames. — 

Baughman,  Charles  A. 

Marston,  Anson. 

Smith,   K.   G. 
Armstrong. — Macdonald,  F.  A. 
.\tlantic.— Martin,   L.   M. 
Boone.— 

Merrick,  A.  W. 

Sweatt,  B.  J. 

Thomas.  M.  E. 
Centerville. — Hall,  Merton  G. 
Clear  Lake. — Keerl,  Harry  D. 
Clinton.— 

Chase,  Chas.   P. 

Crawford,  Thomas. 

Myler,  T.  K. 

Terhune,  C.  F. 
Council  Bluffs. — 

Dodge,  Grenville  M. 
Des  Moines. — 

Fulcher,  J.  E. 

Manson,  E.  F. 

Marsh,  Jas.  B. 

Petersen,  Wm.  H. 
Dubuque. — Daniels,  John  A.  R. 
Humboldt. — Parsons,  J.  L. 
Mason  City. — 

Pauley,  Ray  E. 

Rettinghouse,  R.  H. 

OSK.\LOOSA. — 

Hawkins,  Horace  C. 

Schreiner,  B. 
Ottumwa. — Lewis,  G.  D. 
Sioux  City. — Skeels,  George  Y. 

KANSAS. 

Abilene. — .\nderson,    C.    A. 
Tola. — 

Fry,  Vene   D. 

Hunt,  L.  A. 
Lawrence. — ■ 

Carter,  E.  A. 

Young,  Arthur  R. 
Topeka. — -Brown.  J.  Melville. 

KENTUCKY. 

Louisville. — Shafer.  F.  F. 
Paducah. — Fitzpatrick,  P.  D. 

LOUISIANA. 

New  Orleans. — 
Evans,  E.  W. 
Evans,  Louis  H. 
Giddings,  Fred. 
Wright,  David  M. 

MARYLAND. 
Baltimore. — Fox,  Henry. 


MASSACHUSETTS. 

Boston.^ 
Barker,  Perry. 
Henderson,  Roy   M. 
Mackendrick,  Francis  R. 
Miller,  Hiram  A. 
Moore,  Lewis  E. 

MEXICO. 

Chihuahua. — 

Bryant,  B.  H. 

Stewart,  M.  B. 
Velardena. — Brooks,  Howard. 

MICHIGAN. 

.Ann  Arbor. — Raschbacher,  H.  G. 
Crystal  Falls. — Burridge,  A.  L. 
Detroit. — 

Curtis,  W.  T. 

Green,  E.  A. 

Tislow,  O.  A. 

Towler,  Max  J.  L. 

Von  Schon,  H.  A.  E.  C. 

Williams,  L.   E. 
Escanaba. — Loughnane,  George. 
Fennville. — Weston,  John  W. 
Galesburg. — Hawks,  F.  W. 
Grand  Rapids. — • 

Ames,  Geo.  M. 

Bunker,  G.  W. 

Goddard,  L.  W. 

Taplev,  Thos.  H. 
Holly.— Tenny,  M.  W. 
Houghton. — Batchelder,  Frank  L. 
Kalamazoo. — McKinnon.  J.  B. 
LuDiNGTON. — Mershon,  R.  J. 
Muskegon. — Johnson,  Hugh  A. 

MINNESOTA. 

DuLUTH. — Rogers.  C.  S. 
Mankato. — Widell,  Gustaf. 
Minneapolis.— 

Cameron,  A.  H. 

King,   Frank   E. 

Winston,  W.  O. 

Worrell,  J.  C. 
St.  Paul. — 

Beach,  G.  P. 

Budd,  Ralph. 

Causey,  W.  B. 

Herrold,  George  H. 

Minert.  T.  R. 

Sewall,  J.  S. 

Stevens,  Howard  E. 

Stewart,  John  T. 
Virginia. — Hawkins,  M.  S. 
Winona. — 

Anderson,   Raymond   D. 

Dimham,   Walter    E. 


t)2 


GEOGRAPHICAL  DISTRIBUTION 


MISSISSIPPI 

Gkkknvii.i.k. — Tliompson,  VV.  L. 
-Meridian. — Shurgar,  W.  G. 
Vi(KsniK(;. — Xasli,  F.  I). 

MISSOURI. 

Elvins. — Wahl,  Henry  R. 
llKK(i'i..\Ma-.\i. — .Amtlior,  F.   E. 
Independence. — Pendleton,  Henry  H. 
Kansas  City. — 

Canricld,  A.  T. 

Elliott,   Hiram   W. 

Honens,  F.  W. 

McCanliss,   Neet  C. 

McDonnell,  R.  E. 

Pruett,  William  E. 

Witt,  C.  C. 
St.  Joseph.— Parker,  W.  A. 
St.  Louis. — 

Aegerter,  Albert  A. 

Bales,  F.  E. 

Blackmer,  L.  G. 

Burgess,  Fred  H. 

Davvley,  W.  S. 

Dodge,  L.  C. 

Do.sc,   H.   F. 

GifFey,  Max  A. 

Heinicke,  A.  F.  L. 

Parker,  F.  Y. 

Pfisterer,  George  E. 

Townsend,  C.  Mc.  D. 

Woermann,  John  W. 

MONTANA. 

Im.ktchkk.— Wriglit,    I.    H. 
Great  Falls.— Ozias",  C.  W. 
Miles  City.— Murray,  Edward. 

NEBRASKA. 

Omaha. — 
Jacobi,  W.  O. 
Schenck,  A.  A. 

NEVADA. 
Reno.— Roardman,  H.   P. 

NEW  JERSEY. 

JlRSKV    CiTV.— 

.\iiu-i)hy,  I'.duard    |, 

Sindinan,  II.  .\l. 
Mahwah.- Sargent,  Fitz  William. 
I'lainfh-ld.— Ransomc,  Ernest  L. 
Ro.sEi.i.E.— Moore,  A.   B. 

NEW  MEXICO. 
Santa  iM-.—Meicr.  Ernest  Edward. 


NEW  YORK. 

Alhan v.— Ripley,  Joseph. 
BiNGHAMTON.— Giles,   John   A. 
Brooklyn.— Wilniann,  Edward. 
Brown  Station.— Winston,  James  O. 
Buffalo.— 

Hazard,  Wm.  A. 

Warren,  Jas.  G. 

Worden,  R.  L. 
Flushing. — Parsons,  W.  J. 
fxH.xcA.— Hiiidshaw.    If.    H. 
New  York  City. — 

Allison,  W.  L. 

Bates,  Lindon,  Jr. 

Bates,  Lindon  W. 

Bogue,  Virgil  G. 

Brinckerhoff,  H.  M. 

Brown.  Paul  G. 

Bush,  L. 

Carlton,  Willard  G. 

Case.  J.    I-. 

Chappelle,  C.  C. 

Clausen,  Henry  P. 

Comstock,  Louis  K. 

Corthell,  E.  L. 

Cowper,  John  W. 

Crane,  Albert  S. 

Davis,  C.  H. 

Douglas,  Walter  C 

Franson,  Chas.  F. 

Goldniark.    II, 

Hering.  Rudolph. 

Hermanns,  F.  E. 

Hntehki-s.  C.   \V. 

Johnston,  J.  P. 

Karner,  Wm.  J. 

Katte,  Walter. 

Kellogg,  W.  H. 

MacArthur,  Arthur  F. 

Marvin.   A.    R. 

Milligan,  Robert  E. 

Purdy,  C.  T. 
Quincy,  C.  F. 

Sloan,  Wm.  Griffith. 
Sooysmith,  Chas. 

StetTens,  VV.  V. 
Wallace,  J.  F. 
Webster,  Hosea. 
Wolhaupter,  Benj. 
Rochester.— 

Salmon,  W.  W. 
RosLYN.— Bergquist,  John  G. 
Sen knkctaiiv.— Paige,  A.  W. 
Tkov.— Weber,  j.  I.. 

NORTH  DAKOTA. 

Enderlin.— Aiken,  Vernon   H. 
I'arco. — 

Anders,  F.  L. 

Slocuni,  Roy  H. 
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OHIO. 

Cincinnati. — 

Dougherty,  Curtis. 

Langt'iilicim,   W.   G. 
Cleveland. — 

Dunbar,  J.  H. 

Grady,  J.  E. 

Richards,  Jerre  T. 
Columbus. — McAIeen,  S.  G. 
Delaware. — Taggart,  John  B. 
Elmork. — Graver,  J.   W. 
Little  Hocking. — Adgatc,  F.  W. 
Sidney. — Bayer,  Ervin  J. 
Toledo. — 

Coates,  F.  R. 

Ferguson,  J.  E. 

Ross,  H.  H. 
Wyoming.— Walters,  H.  B. 
Yellow  Springs. — Carr,  Hugh  S. 
YouNGSTowx. — Louwerse,  P.  M. 
Zanesville. — Mark,  P.  C. 

OKLAHOMA. 

Claremori:. — Fry,  Geo.  W. 
Hknryi:tta. — Fursman,   Wni.    H. 
Shawnee. — Brown,  Frank   D. 

OREGON. 

Medford. — Smith,  Gen.  W.  Sooy. 
Myrtle   Point. — Haines,  F.  A. 
Nyssa. — Bartholomew,  L  A. 
Ontario. — Blakeley,  A.  J. 
Portland. — 

Hegardt,  G.  B. 

Hodges,  P.  V. 
Silverton. — Main,  W.  T. 

PENNSYLVANIA. 

Athens. — Ahbe,  Frederic  R. 
Johnstown. — Bradshaw,  Grant  D, 
Kittanning. — Morgan,  Dwight  C. 
Lancaster. — Rohrer,  J.  B. 
Philadelphia. — Hiller,  Joseph  L. 
Pittsburg. — 

Black,  Robert  M. 

Craig,  D.  M. 

Kreisinger,  Henry. 

Davidson,  Jno.  M. 

Ericson.  E.  G. 

Lyons,  James  K. 

Rice,  Geo.  S. 

Sheldon.  A. 

Wolfel,  Paul  L. 
Scranton. — Vogelsberger,  Gustav. 
State  College. — Armsby,  Chas.  L. 

PHILIPPINE  ISLANDS. 

Manila.- — 
Bunnel,  W.  C. 
Poland,  Wm.  B. 


PORTO  RICO. 
San  Juan. — Burton,  E.  K. 

SOUTH  CAROLINA. 

Spartanburg. — Ray,  Walter  T. 

SOUTH  DAKOTA. 

.Aberdeen. — 

Easton,  R.  B. 

Potter,  W.  G. 
Huron. — Dike,  C.  T. 

TENNESSEE. 

Chattanooga. — 

Bayliss,  Jno.  Y. 

Soper,  E.  C. 
Knoxville. — Hudson,  C.  H. 
Memphis. — 

Gillam,  Wm.  R. 

Huston,  R.  C. 

Pennebaker,  E.  S. 

Walters,  W.  T. 
Nashville. — Washburne,  F.  S. 
Sherwood.— Ho!)ach,  W.  R. 

TEXAS. 

Corpus  Christi. — 

St.  John,   Herbert  L. 

Stevens,  Hubert  A. 
Dallas. — Murphey,  Howard  B. 
Houston. — Kasseliaum.  F.  W. 
Texarkana. — Trumbull,    M.    K. 

UTAH. 

0(;den. — Weeks,  Otis. 
Salt  Lake  City. — 

Caproni,  G.  A. 

Frederickson,  J.  H. 

Goodrich,  H.  C. 

Hendricks,   S.   P. 

Moore,  Carlton  F. 

Seymour,  R.  D. 

VIRGINIA. 

Flint  Hill. — Eastham,  Robert  F. 

Portsmouth. — Wright,  T.  J.,  jr. 
Richmo.nd. — 

Ward,  C.   M. 

Spengler.  J.  H. 
Roanoke. — Hollingsworth,  Leo  B. 
Tappahannock. — Cannell,  Edw. 

WASHINGTON. 

Bellingham. — North,  W.  H. 
Seattle. — 

Hall,  John  L. 

Hedges,  Samuel  H. 
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WASHINGTON— Continued. 

Pinson,  Josiah  F. 

Sinks,  F.  F. 

Thomas,  Homer. 

Young,  Arrigo. 
Spokane.— Sawyer,  Geo.  L. 
Vancouver. — Letter,  H.  H. 

WEST  VIRGL\I.\. 
W'liiii.iNc. — .Moss,  J.  A. 

WISCONSIN. 
Appleton. — Orbison,  Thos.  W. 
Baraboo.— French,  H.  E. 
Beloit.— Caldwell,   Robert  R. 
I{ai'  Claire. — Arnold,  L.  G. 
Fond  du  Lac. — 

Gaffin,  W.  W. 

Redfield,  James  A.   S. 
Gi-..\nA  Junction. — Brewster,  V.  K. 
Madison.— 

Barnum,   C.   T. 

Bi.i-gess,   Chas.   F. 

Garner,  H.  L. 

Huels,  Frederick  W. 

Hunt,  H.  J. 

Icke,  John  F. 

McBridc,  Bernard  R. 

Mead,  D.  W. 


Newton,  Frank  A. 

Pence,  Wm.   D. 

Stewart,  C.  B. 

Thorkelson.   H.  J.  B 

Turneaure,  Fred  E. 
Milwaukee. — 

Barkow,  E.  F. 

Drought,  Orville  H. 

Fridstein,    Meyer. 

Guillemin,  Victor. 

Hamilton,  Robert. 

Jackson,  John  F. 

Knapp,  Walter  H. 

Lowther,  John  E. 

McCord.  Jos.  D. 

Pinney,  John  C,  Jr. 

Poetsch,  Chas.  J. 

Potts,   Frederick   A. 

Runge,  R.  W. 

Six,  Wm.  L. 

Smith,  F.  W. 

Sorenson,  James. 

Stearns,  R.  B. 

Tompkins,  J.  A.  B. 

Whittcmore,  D.  J. 
OsHKosH. — Mann,  Louis  ^I. 
Racine.— Connolly,  P.  H. 
Watertown.— Rcichardt,  W.  F. 
Whitewater.— Trippc,  H.  M. 


Past  and  Present  Officers 


PRESIDENTS. 

♦RoswELL  B.   Mason June  14, 1869, 

♦Charles    Paine June  13, 1870, 

*E.  S.  Chesbrough June  9, 1873, 

Wm.  Sooy  Smith June  19, 1877, 

*E.  S.  Chesbrough Aug.  3, 1880, 

*Willard  S.  Pope Jan.  2,1882, 

♦DeWitt  C.  Cregier Jan.  9, 1883, 

Benezette  Williams Jan.  6, 1885, 

Augustine   W.   Wright Jan.  5,1886, 

Samuel  G.  Artingstall Jan.  4, 1887, 

*A.    Gottlieb Jan.  3, 1888, 

E.  L.  Corthell. Jan.  8, 1889, 

L.  E.  CooLEY Jan.  8, 1890, 

Isham    Randolph Feb.  3, 1892, 

Robert  W.  Hunt Jan.  4, 1893, 

HiERO  B.  Herr Jan.  3,1894, 

Horace  E.  Horton Jan.  2, 1895, 

John  F.  Wallace Jan.  2, 1896, 

*Thos.  T.  Johnston Jan.  5, 1897, 

*Alfred  Noble Jan.  4,  1898, 

Onward  Bates Jan.  3, 1899, 

Ambrose  V.   Powell Jan.  2,1900, 

*OcTAVE    Chanute Jan.  8, 1901, 

William    H.   Finley Jan.  7,1902, 

Ralph    Modjeski Jan.  6, 1903, 

*H.  W,   Parkhurst Jan.  5,1904, 

Edward   C.   Carter Jan.  3,1905, 

BiON  J.  Arnold Jan.  2, 1906, 

W.  L.  Abbott Jan.  8,1907, 

C.  F.  Loweth Jan.  7, 1908, 

Andrews   Allen Jan.  5, 1909, 

J.   W.   Alvord Jan.  12,1910, 

O.  P.  Chamberlain Jan.  11,  1911, 

W.  C.  Armstrong Jan.  10, 1912, 

Albert  Reich mann    Jan.  8,  1913, 

E.  H.  Lee Jan.  7,  1914, 

FIRST  VICE-PRESIDENTS. 

*MosEs    Lane ; Aug.  3, 1880, 

*De  Witt  C.  Cregier Jan.  2, 1882, 

S.  S.  Greeley Jan.  9,1883, 

Isham    Randolph Jan.  15, 1884, 

*OcTAVE    Chanute Jan.  6,  1885, 

C.   H.   Hudson Jan.  5,1886, 

L.  E.  Cooley Jan.  4,1887, 

John  W.  Weston Jan.  3,1888, 

Chas.    MacRitchie Jan.  8, 1889, 

Robert  A.  Shailer Jan.  8, 1890, 

John   F.   Wallace Jan.  7,1891, 

E.  C.  Carter Jan.  6, 1892. 

*H.    a.    Rust Jan.  4,1893, 

Daniel  W.  Mead Jan.  3, 1894, 

L.  P.  Morehouse Jan.  2, 1895, 

*Thos.  T.  Johnston Jan.  2. 1896, 

*Alfred  Noule Jan.  5, 1897, 

James  J.  Reynolds Jan.  4, 1898, 

♦Nelson  O.  Whitney Jan.  2, 1899, 


to  June 

13, 1870 

to  June 

9,  1873 

to  June 

19, 1877 

to  Aug. 

3,1880 

to  Jan. 

2,1882 

to  Jan. 

8,1883 

to  Jan. 

6, 1885 

to  Jan. 

5, 1886 

to  Jan. 

4,1887 

to  Jan. 

3,1888 

to  Jan. 

8,1889 

to  Jan. 

8,1890 

to  Feb. 

3, 1892 

to  Jan. 

4, 1893 

to  Jan. 

3, 1894 

to  Jan. 

2, 1895 

to  Jan. 

2, 1896 

to  Jan. 

5, 1897 

to  Jan. 

4, 1898 

to  Jan. 

3, 1899 

to  Jan. 

2, 1900 

to  Jan. 

8,1901 

to  Jan. 

7,1902 

to  Jan. 

6, 1903 

to  Jan. 

5,1904 

to  Jan. 

3,1905 

to  Jan. 

2, 1906 

to  Jan. 

8,1907 

to  Jan. 

7,1908 

to  Jan. 

5,1909 

to  Jan. 

12, 1910 

to  Jan. 

11,1911 

to  Jan. 

10, 1912 

to  Jan. 

8, 1913 

to  Jan. 

7, 1914 

to    « 

to  Jan. 

2, 1882 

to  Jan. 

9,1883 

to  Jan. 

15, 1884 

to  Jan. 

6,1885 

to  Jan. 

5,1886 

to  Jan. 

4,1887 

to  Jan. 

3,1888 

to  Jan. 

8, 1889 

to  Jan. 

8, 1890 

to  Jan. 

7, 1891 

to  Jan. 

6, 1892 

to  Jan. 

4, 1893 

to  Jan. 

3, 1894 

to  Jan. 

2, 1895 

to  Jan. 

2,1896 

to  Jan. 

5. 1897 

to  Jan. 

4, 1898 

to  Jan. 

2,1899 

to  Jan. 

3,1900 

"Deceased. 
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*Edward  J.   Blake Jan. 

William  H.  Finley Jan.  8 

Ralph    Modjeski Jan.  7 

♦H.  W.   Parkhurst Jan.  6 

C.  W.   HoTCH  KISS , Jan.  5 

G.  A.   M.  LiLjENCRANz Jan.  3 

W.  L.  Abbott Jan.  2 

Andrews   Allen Jan. 

J.   W.   Alvord Jan. 

P.    JUNKERSFELD Jan. 

O.  P.  Chamberlain Jan.  12, 

W.  C.  Ar.mstrong Jan.  11 

.\.    Bkmk.nt Jan.  10 

B.  E.  Grant Jan.  7 

SECOND  VICE-PRESIDENTS. 

*De  Witt  C.  Cregier Aug.  3 

♦Kirtland  F.   Booth Jan.  2 

IsHAM  Randolph Jan.  9 

Augustine  W.  Wright Jan.  15 

*Samuel   McElroy Jan.  6, 

D.  J.   Whittemore Jan.  5 

Ira  O.  Baker Jan.  4 

*0cTAVE    Chanute Jan.  3 

♦Samuel   McElroy Jan.  8, 

W.  R.  Northway Jan.  8 

W.  O.  Seymour Jan.  7 

Ira  O.  Baker ' Jan.  6, 

HiERO  B.  Herr Jan.  4, 

*H.  C.  Draper Jan.  3 

*Thos.   T.  Johnston Jan.  2, 

*.\LKki;i)  Xoble Jan.  2, 

James  J.  Reynolds Jan.  5 

A.  V.  Powell Jan.  4 

T.  L.  CoNDRON Jan.  3 

William    H.    Finley Jan.  2, 

Bertrand  E.  Grant Jan. 

L.  P.  Breckenridge Jan.  7 

F.  E.  Turneaure Jan.  6, 

W.  L.  Abbott Jan.  5 

Ch AS.  F.  Loweth Jan.  3 

Andrews   Allen Jan.  2 

E.  N.   Layfield Jan.  8 

P.    Junkersfeld Jan.  7 

O.  P.  Chamberlain Jan.  5 

A.  Bement  Jan.  12 

C.  R.  Dart Jan.  11 

G.  T.  Seely Jan.  10, 

H.  K.  Grant Jan.  S 

Ernest  McCullough Jan.  7 

THIRD  VICE-PRESIDENTS. 

W.  D.  Pence Jan.  5 

L.   P.   Breckenridge Jan.  3 

DuGALD  C.  Jackson Jan.  2 

A.  N.  Talbot Jan.  8 

D.  W.   Mead Jan.  7 

W.  F.  M.  Goss Jan.  5 

W.   K.    Hatt Jan.  12 

Ira  O.  Raker Jan.  11 

E.  C.  Shanklani) Jan.  10, 

J.  F.   IIavkori) Ian.  8 

(j.  I*'.  (iI.hiiahi>t Jan. 

♦Deceased. 


1900 

1901 

1902 

1903 

1904, 

1905 

1906, 

1907 

1908, 

1909 

1910 

1911 

1912 

1914, 

1880 
1882, 
1883 
1884, 
1885 
1886, 
1887, 
1888 
1889 
1890 
1891 
1892 
1893 
1894, 
1895 
1896 
1897 
1898 
1899, 
1900 
1901 
1902, 
1903 
1904, 
1905 
1906, 
1907 
1908 
1909, 
1910 
1911 
1912 
1913 
1914 

1904 
1905 
1906, 
1907 
1908 
1909, 
1910 
1911 
1912 
1913 
1914 


to  Jan. 
to  Jan. 
to  Jan. 
to  Jan. 
to  Jan. 
to  Jan. 
to  Jan. 
to  Jan. 
to  Jan. 
,  to  Jan. 
to  Jan. 
to  Jan. 
to  Jan. 
to 

to  Jan. 
to  Jan. 
to  Jan. 
to  Jan. 
to  Jan. 
to  Jan. 
to  Jan. 
10  Jan. 
to  Jan. 
to  Jan. 
to  Jan. 
to  Jan. 
to  Jan. 
to  Jan. 
to  Jan. 
to  Jan. 
to  Jan. 
to  Jan. 
to  Jan. 
to  Jan. 
to  Jan. 
to  Jan. 
to  Jan. 
to  Jan. 
to  Jan. 
to  Jan. 
to  Jan. 
to  Jan. 
to  Jan. 
to  Jan. 
to  Jan. 
to  Jan. 
to  Jan. 
to 

to  Jan. 
to  Jan. 
to  Jan. 
to  Jan. 
to  Jan. 
to  Jan. 
to  Jan. 
to  Jan. 
to  Jan. 
to  Jan. 
to  ' 


8.1901 

7,1902 

6,1903 

5,1904 

3,1905 

2,1906 

8,1907 

7,1908 

5,1909 

12, 1910 

11,1911 

10, 1912 

7,  1914 


,1882 
,1883 
.1884 
,1885 
,1886 
,1887 
,1888 
,1889 
,1890 
,1891 
,  1892 
,  1893 
,  1894 
,  1895 
,1896 
,1897 
,1898 
,1899 
,1900 
,1901 
,1902 
.1903 
,1904 
,1905 
,1906 
,1907 
,1908 
,1909 
;.  1910 
,1911 
,  1912 
,  1913 
.1914 


3.1905 

2.1906 

8.1907 

7,1908 

5,1909 

12, 1910 

11.1911 

10.  1910 

8. 1913 

7.  1914 
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EXECUTIVE  COMMITTEES. 

*W.  H.  Clark,  *Max  Hjortsberg June  14, 1869,  to  June   8,1874 

H.  W.  S.  Cleveland.  C.  W.  Durham June   8, 1874,  to  June  15, 1875 

S.  S.  Greeley,  W.  M.  R.  French June  15,  1875,  to  June  17. 1878 

S.  S.  Greeley,  Benezette  Williams June  17, 1878.  to  Aug.    3, 1880 


S.  S.  Greeley  . . 

H.    C.    NUTT.... 

*R.  J.  McClure. 

S.  S.  Greeley.. 

*R.  J.  McClure. 

W.  S.  McHarg. 


*R.  J.  McClure.  . 
W.  S.  McHarg.. 
W.  SooY  Smith. 

W.  S.  McHarg.. 

W.  SooY  Smith. 

*R.  J.  McClure.  . 

W.  SooY  Smith. 

*R.  J.  McClure.  . 

A.  W.  Wright.  . 


*R.  J.  McClure 

S.   G.   Artingstall. 
*A.    Gottlieb 


S.    G.   Artingstall. 

*A.   Gottlieb 

*H.  A.  Rust 


*  A.  Gottlieb  . . 
*H.  A.  Rust.. 
*0.  B.   Green. 


*H.  A.  Rust 

*0.   B.   Green 

*Chas.    FitzSimons. 

*0.  B.  Green 

*Chas.  FitzSimons., 
B.   Williams 


*Chas.  FitzSimons. 

B.  Williams 

*0.   Chanute 


B.  Williams... 
*0.   Chanute... 

C.  L.    Strobel . 


*0.   Chanute 

C.  L.  Strobel 

*Geo.  S.  Morison. 


TRUSTEES. 


C.  L.   Strobel 

••Geo.   S.   Morison  . 
Robt.  W.  Hunt.  . 


Aug.    3, 

Jan.  2, 

Jan.  9, 
Jan.  15. 

Jan.  6, 

Jan.  5, 

Jan.  4, 

Jan.  3, 

Jan.  8, 

Jan.  8, 

Jan.  7, 

Jan.  6, 

Jan.  4, 

Jan.  3, 


1880,  to  Jan. 

1882,  to  Jan. 

1883,  to  Jan. 

1884,  to  Jan. 

1885,  to  Jan. 

1886,  to  Jan. 

1887,  to  Jan. 

1888,  to  Jan. 

1889,  to  Jan. 

1890,  to  Jan. 

1891,  to  Jan. 

1892,  to  Jan. 

1893,  to  Jan. 

1894,  to  Jan. 


2.  1882 
9.  1883 

15,  1884 

6,  1885 

5,  1886 
4,  1887 

3.  1888 
8,  1889 
8,  1890 

7,  1891 

6.  1892 

4.  1893 
3,  1894 
2,  1895 


"Deceased. 
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*Geo.    S.    Morison ") 

RoBT.  W.  Hunt [    Jan.     2,   1895,  to  Jan.    2,   1896 

G.   A.    M.    LiLJENCRANTZ j 

RoBT.  W.  Hunt j 

G.  A.  M.  LiLJENCRANTZ V    Jan.     2,   1896,  to  Jan.    5.   1897 

*H0RACE     E.     HORTON' j 

G.   A.   M.   LiLJENCRANTZ \ 

*HoRACK  E.   HoRTON I   Jan.    5,   1897,  to  Jan.    3,   1898 

♦Fred   Hall J 

*  i  loR.\(  K     E.     1  lORTON ] 

♦Fred   Hall [    Jan.    4,   1898.  to  Jan.    3,  1899 

Geo.    p.   Nichols J 

♦Fred   Hall ) 

Geo.    p.   Nichols [    Jan.    3,   1899,  to  Jan.    2,   190C 

August  Ziesing j 

Geo.   p.   Nichols "j 

August  Ziesing [    Jan.     2,   1900,  to  Jan.    8,  1901 

BiON    j.    ARNOLD J 

August  Ziesing 

BiON  J.  Arnold i     t         o    ,^1^1    »     t         t    inm 

JAS.  J   Reynolds  (to  Sept.  II) J""     ^'   ^^^'  *°  J^""     ^'   ^^02 

Chas.  W.  Hotchkiss  ( from  Sept.  11) J 

BioN  J.  Arnold '\ 

Chas.  W.  Hotchkiss \    Jan.    7,   1902.  to  Jan.    6.   1903 

John  W.  Alvord j 

Chas.  W.  Hotch  kiss ] 

John  W.  Alvord [    Jan.    6,   1903,  to  Jan.    5,  1904 

B.  E.  Grant ) 

John  W.  Alvord ] 

B.   E.   Grant [    Jan.     5,   1904,  to  Jan.    3,   1905 

T.  W.  Snow j 

B.   E.   Grant ) 

T.  W.   Snow \    Jan.     3,    1905.  to  Jan.     2,   1906 

G.    M.    Wisnj:r j 

T.  W.  Snow ^ 

G.    M.    WiSNER i     ,  ^    ,fv^    .      J  o     .f^~ 

*F.  II.  P..\iNHKn.<;K  (toMarch26) J^"'     -    ^^'   ^'^  J^"'     ^'    ^^^ 

John  Brunner  (from  March  26) J 

G.   M.   Wisner ] 

John   Brunner [    Jan.    8,   1907.  to  Jan.    7.   1908 

W.  C.  Armstrong j 

John   Brunner ] 

W.  C.  Armstrong [    Jan.     7.   1908,  to  Jan.    5,   1909 

L.   E.   Ritter ) 

W.    C.    Armstrong ) 

L.   E.   Ritter [    Jan.     5.    1909,   to  Jan.  12,   1910 

G.    M.    Brill j 

♦Deceased. 


L.    E.    RiTTER .  .  . 

G.  M.  Brill 

W.  W.   Curtis. 


G.  M.  Brill 

W.  W.  Curtis  . . 

E.    McCuLLOUGH. 


W.  W.  Curtis  . . , 

E.    McCuLLOUGH, 
J.    G.    GlAVER 


E.  McCuLLOUGH 
J.     G.     GlAVER.  .  .  . 

F.  E.  Davidson  . , 


J.   G.   GlAVER 

F.    E.    Davidson 
H.   S.   Baker.  . .  . 


LIST  OF  OFFICERS  69 

Jan.  12,   1910,  to  Jan.  11,   1911 
Jan.   11,  1911,  to  Jan.   10,  1912 


Jan.  10,  1912,  to  Jan.     8,  1913 


Jan.     8,   1913,  to  Jan.     7,   1914 


Jan.     7.    1914,   to 


SECRETARIES. 

L.   P.   Morehouse June  14, 1869,  to  Jan. 

Lyman  E.  Cooley Jan. 

John  W.  Weston Jan. 

Thomas    Appleton Jan. 

Charles  J.  Roney Jan. 

Henry    Goldmark Mar. 

Nelson   L.   Litten Aug. 

J.  H.  Warder Jan. 


3. 1888,  to  Jan. 

8. 1889,  to  Jan. 

3. 1894,  to  Jan. 

2. 1895,  to  Mar. 

4. 1896,  to  Aug. 
5. 1896,  to  Jan. 

10, 1901, 


3,1888 
8, 1889 

3. 1894 

2. 1895 

4. 1896 
5, 1896 

10, 1901 


TREASURERS. 

L.   P.  Morehouse June  14, 1869,  to  Aug.  3. 1880 

*Chas.  FitzSimons  Aug.  3, 1880,  to  Jan.  4, 1887 

A.  V.  Powell Jan.  4, 1887,  to  Jan.  3,1888 

W.  S.  Bates Jan.  3, 1888,  to  Jan.  8,1889 

*H.  W.   Parkhurst Jan.  8, 1889,  to  Jan.  8,1890 

John  W.  Weston Jan.  8, 1890,  to  Jan.  4, 1893 

♦Edwin    G.    Nourse Jan.  4,  1893,  to  Jan.  3, 1894 

♦David  L.  Barnes Jan.  3, 1894,  to  Jan.  2, 1896 

*Emil  Gerbf.r Jan.  2. 1896,  to  Jan.  4, 1898 

C.  W.   Melcher Jan.  4, 1898,  to  Jan.  2,  1900 

Ralph    Modjeski Jan.  2, 1900,  to  Jan.  7, 1902 

John  C.  Whitridge Jan.  7, 1902,  to  Apr.  10, 1902 

Andrews  Allen Apr.  10, 1902,  to  Jan.  2, 1906 

Albert    Reichmann Jan.  2, 1906,  to  Jan.  8, 1913 

C.  R.  Dart Jan.  8, 1913,  to 


LIBRARIANS. 

John  W.  Weston Aug. 

G.  a.  M.  Liljencrantz Jan, 

John  W.  Weston Jan. 

Thomas    Appleton Jan. 

Chas.   J.    Roney Jan. 

Nelson    L.    Litten Jan. 

J.  H.  Warder Jan. 


3, 1880,  to  Jan.  9, 1883 

9, 1883,  to  Jan.  8,1890 

8, 1890,  to  Jan.  3, 1894 

3. 1894,  to  Jan.  2,1895 

2. 1895,  to  Mar.  4.1896 
12, 1898,  to  Jan.  10,1901 
10. 1901, 


♦Deceased. 


Deceased  Members 


Abbott,  A.  v.,  Dec.  1,  1906. 
Adams,  Edward  L.,  Jan.  31.  1902. 
Adler,  Dankmar,  April  16,  1900. 
Adgate,  George,  Jan.  23,  1909. 
Anders,  ,11,  A.  ( ).,  .May  16,  1913. 
Arnold,  Hugo,  May  29,  1910. 
Bainbridgc,  F.  H.,  Dec.  3,  1912. 
Baker,  William  L.,  May  28,  1888. 
Baldwin,  H.  F.,  June  17,  1909. 
Barnes,  David  Leonard,  Dec.  15,  1896. 
Barrington,  Edward,  Oct.  3,  1902. 
Beckler,  E.  H.,  Aug.  26,  1908. 
Binder,  Carl,  Feb.  4,  1903. 
Birch-Nord,  C.  W.,  Sept.  IS,  1909. 
Black,  William,  May  17,  1905. 
Blake,  Edward  J.,  May  29,  1902. 
Booth,  Kirtland  F.,  March  23,  1892. 
Brown,  Chas.  W.,  xVIay  25,  1912. 
Bruce,  Wm.  A.,  July  25,  1903. 
Bryson,  Wm.,  Oct.  26,  1876. 
Bull,  Storm,  Nov.  17,  1907. 
Bullock,  Milan  C,  Jan.  12,  1899. 
Caldwell,  A.  J.,  May  10.  1909. 
Card,  Joseph  P.,  Oct.  22,  1894. 
Casgrain,  W.  T.,  Sept.  28,  1900. 
Chanutc,  Octave,  Nov.  23,  1910. 
Cheney,  Orlando  H.,  April  13.  1894. 
Chesbrough,  Ellis  S.,  Aug.  18,  1886. 
Chesbrough,  I.  G.,  Jan.  28,  1893. 
Clarke,  William  Hull,  Aug.  5,  1878. 
Colborne,  B.  B.,  1893. 
Coleman,  Jas.  P.,  April  13,  1912. 
Comstock,  Adam,  Aug.  16,  1911. 
Cooke,  George  H.,  Nov.  28,  1909. 
Cregier,  DeWitt  C,  Nov.  9,  1898. 
Crissev,  J.  W.,  March  7,  1913. 
Crozier,  A.  B.,  Nov.  6,  1909. 
Dance,  M.  H.,  Dec.  19,  1912. 
Darling,  Jcwett  N.,  Apr.  22,  1911. 
Darst,  J.  C.  Sept.  5,  1907. 
Davis,  Fred  H.,  June  21,  1901. 
DcCrow,  C.  E.,  June  17,  1912. 
DeHart.  Norwood,  May  11,  1899. 
Dobson,  F.  P.,  Aug.  25.  1906. 
Draper,  H.  C,  May  23,  1903. 
Draper.  R(.l)t.  S.,  .Mar.  17.  1914. 
Dun,  James,  Feb.  23,  1908. 
Eastman,  George  N.,  June  14.  1910 
Edgar,  W.  H..  Nov.  26,  1905. 
Eldridge,  A.  R.,  Jan.  17.  1907. 
Eno.s.  Z.  A..  Dec.  8,  1907. 
F.sson.  John  H.,  Aug.  23.  1900. 
l-'.wing,  Wm.  1}..  Apr.  8.  1911. 
Fanki)oncr,  ]^(Mt,  Oct.  6,  1904. 
I-arquar,  Col.  F.  U.,  July  3,  1883. 
Ferrcira.  Chas.  E.,  Jan.  25.  1904. 
Ferris,  G.  W.  G.,  Nov.  22,  1896. 


Fiero.  A.  W.,  July  28,  1906. 
Fitz  Simons,  Charles,  Aug.  20,  1904. 
Foster,  Charles  F.,  May  8,  1910. 
Fridstein,  Hymen.  Dec.  24,  1910. 
Gardner,  H.  A.,  July  26,  1875. 
Gates,  J.  Holt,  July  13,  1905. 
(ierber,   Kniil,   .Apr.    16.    1914. 
Gottlieb.  Abraham.  Feb.  9,  1894. 
Gould,  Charles  L.,  Sept.  18,  1910. 
Green,  O.  B.,  Dec.  30,  1906. 
Guthrie,  Ossian,  Oct.  25.  1908. 
Hall,  Ferdinand,  Nov.  22,  1899. 
Hammett,  Wm.  A.,  Sept.  1895. 
Harris,  Wm.  H.,  Jan.  31,  1912. 
Harrison,  Chas.  L.,  Sept.  15,  1912. 
Healey,  Jas.  M.,  Sept.  22,  1901. 
Higginson,  Charles  M..  May  6,  1899. 
Hitz,  Irving,  Sept.  24,  1901. 
Hjortsberg,  Max.  May  16,  1880. 
Hommel,  Victor,  Oct.  18.  1907. 
liurlon,  Horace  E,  July  29,  1912. 
Ilotchkiss,  W.  D.,  June  3,  1907. 
Hull,  J.  S.,  Dec.  9,  1905. 
Johnson.  Jas.  W..  Jan.  14.  1913. 
Johnson,  John  Butler,  June  23.  1902. 
Johnson,  Lorenzo  M.,  Nov.  28.  1904. 
Johnston,  T.  T.,  Feb.  22,  1909. 
Krames,  Wm..  Apr.  25,  1911 
Lake,  George  Bert,  April  27,  1884. 
Lane,  Moses.  Jan.  25,  1882. 
Lassig,  Moritz,  Jan.  7,   1902. 
Latimer.  Charles,  March  25,  1888. 
Lederle,  George  A.,  March  27,   1905. 
Lewis,  J.  A..  Sept.  1,  1907. 
Lewis,  Jas.  R,  July  23,  1901. 
Lincoln,  Isaac,  March  13.  1894. 
Link.  Rudolph,   Dec.   18,  1913. 
Long,  James  C,  May  26,  1910. 
Lotz,  William  Herman,  Jan.  31,  1894. 
Love.  Wm.  S..  Dec.  11.  1907. 
MacArthur,  A.,  June  1,  1907. 
Mason,  Col.  Eddy  D.,  Dec.  19,  1874. 
Mason,  Roswell  B..  Jan.  I.  1892. 
Mallette,  Jas.  P.,  Oct.  22,  1903. 
McClure,  Robert  J..  March   17,   1899 
McElroy,  Samuel.  Dec.  10,  1898. 
Mclntyrc,  John.  May  20.  1901. 
.Mc.Munn,  S.  W.,  Apr.  30,  1910. 
McVcan,  J.  J.,  Aug.  21.  1910. 
Meadows.  H.  H..  Nov.  12,.  1910. 
Means,  Walter  K.,  April  17,  1912. 
Meier,  William.  Feb.  14.  1910. 
Metc.ilf.  John  S..  Mar.  4.  1912. 
Miltimore.  Guy,  lunc  11.  1904. 
Morgan.  Richard  P..  May  20.  1910. 
Morisnn,  Geo.  S..  July  1.  1903. 
Ncu.  Peter  W.,  Feb.  4.  1899. 
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Xoblc,  Alfred,  Apr.   19.   1914. 
Nourse,  Edwin  G.,  Dec.  8,  1897. 
Olmsted.  L.  S.,  Nov.  10,  1905. 
Ott,  Harry  J.,  Sept.  25,  1908. 
Page,  A.  D.,  Apr.  7,  1911. 
Parker,  Irving,  Nov.  17,  1907. 
Parkhurst,  H.  W.,  April  7,  1906. 
Perkins,  A.  H.,  Feb.  24,  1897. 
Phillips,  Jonathan,  July  27,  1892. 
Poe,  Orlando  M.,  Oct.  2,  1895. 
Pope,  Willard  Smith,  Oct.  10,  1895. 
Porter,  J.  A.,  June,  1885. 
Reece,  Benj.,  Dec.  17,  1901. 
Reynolds,  Wm.  E.,  Feb.  24,  1909. 
Rowe,  Samuel  M.,  May  22,  1910. 
Rust,  H.  A.,  Feb.  5,  1911. 
Sager,  Nelson  A.,  Aug.  30,  1907. 
St.  Lawrence.  W.  E.  H.,  July  3,  1909. 
Saltar,  John,  Jr..  July  11,  1906. 
Sanne,  Oscar,  April  4,  1913. 
Schaub,  J.  W.,  March  30,  1909. 
Scherzer,  William,  July  20,  1893. 
Schuyler,  Howard,  Dec.  3,  1883. 
Seymour,  R.  B.,  Feb.  22,  1913. 


Shcwell,  F.  S.,  Jan.  10,  1910. 
Sinclair,  Donald,  Dec.  15,  1904. 
Smith.  Chas.  A.,  Oct.  20,   1908. 
Smith,  Lyman,  July  9,  1898. 
Smith,  Warren  C,  March  29,  1895. 
Stannard,  H.  E.,  Jan.  4,  1903. 
Talcott,  Edward  B.,  Feb.,   1896. 
Taylor,  Wm.  D.,  Aug.  26,  1911. 
Taylor,  William  E.,  Feb.  4,  1883. 
Torrey,  Augustus.  Aug.  20,  1902. 
Tullock,  A.  J.,  July  21,  1904. 
Trueman,  Harmon,  March  22,  1907. 
Turknett,  Robert  G.,  July.  1889. 
Tutton,  C.  H.,  June  9,  1908. 
Watson,  Joseph  A..  Feb.  5,  1893. 
White,  Henry  F.,  Oct.  28,  1912. 
Whitley,  Noah,  June  27,  1904. 
Whitney,  Nelson  O.,  March  17,  1901. 
Whitton,  A.  D..  Feb.  23,  1892. 
Wilkes,  Charles  M.,  Jan.  7,  1905, 

elected  Nov.  2,  1904. 
Wolcott.  Alexander,  Aug.  11,  1884. 
Yoder,  Wm.  J.,  Sept.  28.  1901. 


*This  list  is  incomplete.    Members  are  requested  to  advise  the  Secretary  o 
of  the  death  of  any  deceased  member  not  included  in  this  list. 


f  the  name  and  date 


Electrical  Section 


EXECUTIVF.   COMMITTEE. 


F.  J.  Postel,  Chairman. 
G.  T.  Scc'ly. 

Abbott,  W.  L. 
Affleck,  B.  F. 
Allen,  E.  W. 
Almert,   Harold. 
Anders,  F.  L. 
.•\nderson,  C.  A. 
Arnold,  B.  J. 
Artingstall,   Wm. 
Balcomb,  Jean  Bart. 
Baldwin,  W.  H. 
Balsley,  Eugene. 
Bangs,  E.  H. 
Bates,  W.  S. 
Batte,  Thos.  R.,  Jr. 
Battey,  P.  L. 
Beattys,  W.  H.,  Jr. 
Belknap,  Robert  E. 
Berg,  C.  R 
Bcrnhard,  F.  H. 
Billow,  C.  O. 
Boomhower,  F.  K. 
Bradford,  J.  W. 
Brady,  G.  W. 
Brandon,  G.  R. 
Bransfield,  J.  T. 
Brinckerhoff,   H.   M. 
Brooks,  Howard. 
Brooks,  Morgan. 
Broughton,  H.  P. 
Brown,  Frank  D. 
Bryant,  G.  H. 
Burgess,  Chas.  F. 
Burke,  R.  O'S. 
Byllesby.   H.  M. 
Cabin,    I.    E. 
Carlton,  W.  G. 
Carr,  M.  L. 
Carter,  E.  C. 
Carter,  H.  W. 
Causey,  W.  B. 
Chappollc,  C.  C. 
Clnircbill,  Durand. 
Clausen.  H.  P. 
Coles,  M.  N. 
Comstock,  Louis. 
Loolcy,  I..  ]•„ 
Crane.  Albert  S. 
Cravatb,  J.   R. 
Crawford,    Tbos. 
Crumb,  W.  H. 


E.  W.  Alit-n. 


H.  M.  XVheeler,  Vice-Chairnian. 
P.  B.  Woodworth. 


Crumpton,  W.  J. 
Damon,  Geo.  A. 
Daucby,  Samuel. 
Davis.  Uriah. 
Ucncer,  F.  \V . 
De  Wolfe,  E.  C. 
Dinwiddie,  Edw. 
Dodge,  G.  F. 
Dodge,  L.   C. 
Downing,  F.  E. 
Drake,  Clyde  I. 
Dunham,  Walter  E. 
Ellicott,  E.  B. 
Enger,  M.  L. 
Evans,  D.  J. 
Evans,  H.   H. 
Ewald.  F.  G. 
Ferguson,  J.   E. 
Finley,  '^V.  H. 
Fleming,  H.  B. 
Ford,  Grant. 
Fowler,  E.  J. 
Fowler,  M.  M. 
Freeman,  E.  H. 
French,  H.  E. 
Fritch,  L.  C. 
Fry,  Vene  D. 
Fucik,  E.  J. 
(iaciisslen,  C.   .\. 
Gansslen,   H. 
Gardner,   Thos.    M. 
Garner,  H.  L. 
Gear,  H.  B. 
Gersbach,  Otto. 
Grant,  B.  E. 
Greifenhagen,    E.   O. 
Groh,  B.  C. 
(iuiknian,  Edw. 
I  ianson,  E.  S. 
Harding,  C.  F. 
Ilarman,  J.  J. 
Ilartzell,  E.  F. 
Hasselfeldt,   E.   C. 
I  latch,  J.  N. 
Ilaubrich,  A.  M. 
llauyii.  J.   L. 
ifccbt,  J.   L. 
Il.ilbron,  E.  H. 
I  IriidiM  son,  C.  .\. 
i  fendcrson,  R.  M. 
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Hiller,  J.  L. 
Hillman,  F.  W. 
Molsman,  H.  K. 
Honens,  F.  W. 
Iloskins,  Wm. 
Hotciikiss,  C.  W. 
Hunt,  H.  J. 
Huston,  R.  C. 
Jackson,  G.  W. 
Jackson,  W.  B. 
Jacobi,  W.  O. 
Jamieson,  B.  G. 
Jedlicka,  G.  F. 
Junkersfeld,  P. 
Keller,  C.  A. 
Kirkland,  H.  B. 
Kleene,  W.  F. 
Klein.  B.  J. 
Kreisinger,  Henry. 
Krum,  Chas.  L. 
LaBach,  1^  M. 
Lake,  Edw.  N. 
Layfield,  E.   N. 
Lee,  E.  H. 
Logan,  Howard. 
Lukes,  Geo.  H. 
Lunn,  Ernest. 
Lyman,  James. 
Mabbs,  J.  W. 
Macdonald,  F.  A. 
Macdonald,  James. 
Maloney,  J.   E. 
Martin,  Wm.  F. 
Marvin,  A.  B. 
Mayer,  Geo.   M. 
McCartney,  Wm.  M. 
McCullough,   Ernest. 
McDonnell,   R.    E. 
McElroy,  J.   H. 
McMeen,  S.  G. 
Miller.   K.   B. 
Mills.  James  L. 
Mihon.  T. 
Miskella,  W.  J. 
Mitchell,  R.  C. 
Mohr,  Louis. 
Monroe,  W.  S. 
Montzheimer.  A. 
Morey,  C.  W 
Morgan,  .\    M 


BRIDGE  AND   STRUCTURAL   SECTION' 


73 


Mory,  L.  C. 
Moss,  Earl  C. 
Mountain,  J.  T. 
Myers,  L.  E. 
Nichols,  S.  F. 
Nolle.  C.  B. 
Norwood,  C.  H. 
O'Byrne,  F.  J.  J. 
Olson,  Elmer  H. 
Osthoff,  Otto  E. 
Palmer,  Ray. 
Perkins,  E.  T. 
Perry,  L.  L. 
Phillips,  J.  W. 
Phillips,  T.  C. 
Pierce.  J.  N. 
Pillsbury,  C.  S. 
Poppenhnsen,  P.  A. 
Postel.  F.  J. 
Pratt,  Chas.  A. 
Prell,  John  S. 
Pruett,  W.  E. 
Ray,  Walter  T. 
Reeder,  E.  C. 
Reichmann,  Albert. 
Rice,  Arthur  L. 
Rice,  R.  H. 
Roberts,  Warren  R. 
Robinson,  J.  S. 
Rogers,  C.  S. 
Rogers,  C.  W. 


Roper,  D.  W. 
Rosenbach,  R.  G. 
Ross,  H.  H. 
Roth,  Chas.  H. 
Roth,  E.  N. 
Rummler,  E.  A. 
Sager,  F.  A. 
Salmon.  W.  W. 
Samson.  C.  L. 
Sargent,  C.  E. 
Sass,  John  H. 
Savage,  F.  N. 
Sawyer.  J.  H. 
Saxe,  A.  J. 
Schauffler,  C.  E. 
Scheible,  Albert. 
Schroeder,  C.  P. 
Schuchardt,  R.  F. 
Seafert,  William. 
Seely,  G.  T. 
Slade,  Alfred. 
Smetters,  S.  T. 
Smith.  E.  F. 
Smith,  William  Sooy 
Smythe,  E.  H. 
Spicer.  V.  K. 
Springer,  Geo.  B. 
Spurling.  O.  C. 
Stearns.  R.  B. 
Sullivan,  W.  T. 


Sunny,  B.  E. 
Sweatt,  B.  J. 
Sweeney,  John  M. 
Taggart,  John  B. 
Tedman,  H.  A. 
Theodorson,  W.  A. 
Trumbull,  M.   K. 
Vent,  Frederick  G. 
Von  Babo,  Alexander. 
Waite,  Edw.  B. 
Walbridge,  J.  T. 
Wallace,  John  Findley. 
Waring,  J.  M.  S. 
Washburn,  F.  S. 
Watkins,  F.  A. 
Weaver,  H.  P. 
Wentz.  R.  F. 
West,  Porter  R. 
Weston,  Geo. 
Wheeler,  H.  M. 
Whittier,  Chas.  C. 
Williams,  Benezette. 
Williams,  W.  E. 
Woodworth,  P.  B. 
Wray,  J.  G. 
Wright,  T.  J.,  Tr. 
Young.  H.  W. 
Young,  J.  L. 
Youtsey,  F.  S. 
Ziesing,  H.  H. 


Bridge  and  Structural  Section 


J.  H.  Prior,  Chairman. 
E.  N.  Layfield. 

Adams,  J.  S. 
Adgate,  F.  W. 
Ahbe,  H.  R. 
Ahlskog,  Edwin. 
Aldinger,  A.  H. 
Allen,  Andrews. 
Amari,  C.  A. 
Amthor,  F.  E. 
Anders,  F.  L. 
Andresen,  H.  P. 
Anderson,  C.  A. 
Armstrong,  W.  C. 
Arnold.  L.  G. 
Artingstall,  Wm. 
Baker,  H.  S. 
Baker,  Ira  O. 
Balcomb,  J.  B. 
Baldwin,  A.  S. 
Balsley,  E.  A. 
Bangs,  E.  H. 
Banne,  Wm. 


EXECUTIVE  COMMITTEE. 

J.  W.  jMushani,  Vice-Chairman. 
I.  F.  Stern.  H.  C.  Lothholz. 


Bartholdy,  Wm.  C. 
Basquin,  O.  H. 
Batchclder,  F.  L. 
Bates,  F.  E. 
Beckerley,  G.  F. 
Beckman,  C.  F. 
Belknap,  Robert  E. 
Berg,  C.  P. 
Bergbom,  F.  A. 
Bergendahl,  G.  S. 
Bixby,  W.  H. 
Black,  R.  M. 
Block,  E.  W. 
Blome,  R.  S. 
Boardman,  H.  P. 
Bolme,  O.  M. 
Boyer,  A.  B. 
Boynton,  H.  L. 
Bradford,  J.  W. 
Brady.  G.  W. 
Brandon,  G.  R. 


Bransfield,  J.  T. 
Breckinridge,  W.  L. 
Breidcrt,  Henry  C. 
Bremner,  Geo.   H. 
Brooks,  C.  W. 
Brown.  Frank  D. 
Brunner,  John. 
Budd,  C.  A. 
Burgess,  Fred  H. 
Burke.  R.  O'S. 
Burridge.  A.  L. 
Burt,  H.  J. 
Cahill.  J.  E. 
Cameron,  A.  H. 
Canfield,  J.  T. 
Carter,  E.  A. 
Cartlidge.  C.  H. 
Cenfield,  F.  H. 
Chappelle,  C.  C. 
Chase,  C.  W. 
Churchill,  Durand. 
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Clark,  E.  A. 
Clayton,  T.  W. 
Clearman,  A.  E. 
Condron,  T.  L. 
Courtney,  H.  H. 
Cowles,  W.  L. 
Cowper,  J.  W. 
Craig.  D.  M. 
Curtis.  W.  T. 
Curtis,  W.  W. 
Dalryniple,  C.  H. 
Daistrom,  O.  F. 
Daniels,  J.  A.  R. 
Dart,  C.  R. 
Dauchy,  Samuel. 
Davidson,  F.  E. 
Davidson,  G.  M. 
Davis,  Garrett 
DeBerard,  W.  W. 
Dencer,  F.  W. 
Denise,  C.  M. 
Dinwiddie,  Edwin. 
Dodge,  G.  F. 
Dodge,  L.  C. 
Drake,  Clyde  I. 
Drought,  O.  H. 
Ducscher,  B. 
Duryea,  Edwin.  Jr. 
Dye,  Ira  W. 
Erickson,  O.  R. 
Evans.  D.  J. 
Evans,  E.  Webster. 
Ewald,  F.  G. 
Ferguson,  J.  E. 
Ferrenz,  T.  J. 
Field.  H.  A. 
Fingal,  Chas.  A. 
Fisher,  H.  P. 
Fixmer,  H.  J. 
Floto,  Julius. 
Flowers,  R.  W. 
Fox,  A.  L. 
Fraley,  L.  V. 
Fridstein,  Meyer. 
Fritch,  L.  C. 
Fucik,  E.  J. 
Garner,  H.  L. 
Gearhart.  H.  G. 
Gersbach,   Otto. 
Gibson,  J. 
GifTey,  Max.  A. 
Girantl,  J.  B. 
Goldmark.  Henry. 
Goodman.  H.  M. 
Grady,  John  E. 
Graver,  J.  W. 
Gray.  Elam. 
Green.  Paul  E. 
Greifenhagen,  E.  O. 
rinilUniin,  V. 
Gustafson,  Jobn  C. 
Guy,  Walter  D. 


Hadwen,  T.  L.  D. 
Haggander,  G.  A. 
Hall,  M.  G. 
Hallberg.  L.  G. 
Hallsted,  J.  C. 
Hamilton,  Robert. 
Hammer,  M.  J. 
Hanson,  E.  S. 
Harman,  J.  A. 
Harman,  J.  J. 
Harper,  F.  C. 
Hartzell,  E.  F. 
Harvey,  F.  S. 
Hasselfeldt,  E.  C. 
Hatch,  Jas.  N. 
Hatt,  W.  K. 
Haugh,  Jesse  L. 
Haupt,  Edward 
Hayford,  John  F. 
Hazard,  W.  A. 
Heald,  J.  H.,  Tr. 
Hebblewhite,  G.  W. 
Hecht.  J.  L. 
Heilbron,  E.  H. 
Hellenthal,   Karl. 
Hendee,  E.  T. 
Henderson,  C.  A. 
Henderson,  R.  M. 
Hendricks,  S.  P. 
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